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Environmental Issues Surrounding the Great
Salt Lake
1 Challenges in applying the Clean Water Act to the unique and variable Great Salt Lake
C. Bittner, Utah Division of Water Quality / Utah Environmental Quality
Terminal Great Salt Lake (Lake) is the final receiving water for wastewater from about 80% of Utah’s population. Protection of the aquatic
ecosystems as required by the Clean Water Act is complicated by the
lack of numeric criteria, highly variable salinity, and unique ecosystems.
Currently, the Lake is protected primarily by Utah’s Narrative Standards
because only one numeric criterion is available (selenium). This approach
fails to provide the desired certainty to dischargers, commercial interests,
and anyone else who wants to ensure the Lake’s water quality is protected
as required by law. To address these uncertainties, the Utah Division
of Water Quality developed a Strategy for Developing Aquatic Life
Criteria for Priority Pollutants. The Strategy outlines an approach to
develop numeric criteria based on salinity. The premise of this approach
is that salinity discriminately influences the aquatic life to be protected.
The approach including anticipated challenges such as temporally and
spatially varying salinity, toxicity testing, whole effluent toxicity testing
organisms, application to discharges permitted under the Utah Pollution
Discharge Elimination System (UPDES), and interim methods pending
the availability of numeric criteria are presented.
2 Circulation of water and salt between Gunnison and Gilbert Bays,
Great Salt Lake by the railroad causeway: How much is enough?
E. Gaddis, Utah Division of Water Quality / Utah Dept of Environmental
Quality; J. Gardberg, C. Bittner, Utah Division of Water Quality / Utah
Environmental Quality; B. Damery, Utah Environmental Quality
The twenty-mile Union Pacific Railroad (UPRR) causeway across the
Great Salt Lake (Lake) separates the lake into Gunnison (North Arm)
and Gilbert (South Arm) Bays. Built in 1959, the twenty-mile rock and
earthen fill causeway replaced a wooden trestle bridge and provides a
shorter rail route. The causeway restricts circulation between the two
bays resulting in current salinities from saturation (approximately 27%)
north of the causeway in Gunnison Bay and approximately 17% south of
the causeway in Gilbert Bay as well as affecting the formation of a deep
brine layer in Gilbert Bay. Beginning in 2012, the railroad filled two
culverts originally intended to provide passage and increase exchange
of water and salt between the two bays. The railroad has proposed to
build a bridge with adjustable berms to replace the aquatic function of
the culverts and to give lake managers a tool to manage the amount of
exchange between the two bays in response to changing lake conditions
such as lake elevation and salinity. All of the uses of the Lake including
mineral extraction, aquaculture harvests, industrial uses, recreation, and
supporting millions of birds annually, have the potential to be positively or negatively affected by salinity. The specific requirements of the
Clean Water Act Section 401 Water Quality Certification and proposed
methods for assessing and managing the circulation between the bays are
presented.
3 Factors Influencing Cyanobacteria Blooms in Farmington Bay,
Great Salt Lake, Utah
B. Marden, Parliament Fisheries Inc / Research; T. Miller, Jordan River/
Farmington Bay Water Quality Council; D. Richards, OreoHelix Consulting
A two-year synoptic study of the pelagic zone of Farmington Bay, Great
Salt Lake, Utah, USA was undertaken to document the various factors
that influence aquatic community structure. Of particular interest are
the roles of nitrogen and phosphorous in the development of harmful
algal blooms (HABS) and whether or not nutrient loads into the bay
have a detrimental impact on the beneficial uses of the bay. There was
pronounced spatial and temporal heterogeneity in all abiotic elements
and biotic assemblages assessed. Salinity gradients were identified along
the north to south transect. Nutrient loading was highest in the southern
region of the bay. Soluble/bioavailable inorganic forms of nitrogen and

phosphorus were low throughout the bay with the exception of one
or two sites located in the southern region of the bay in close proximity to sewage outfall canals. The TN:TP ratio of 9.25 suggests that the
bay is nitrogen limited and is in the range indicative of phosphorous
dominance. Coinciding with cyanobacteria blooms was evidence of
competitive exclusion of other previously established algal groups such
as chlorophytes and diatoms. The most abundant cyanobacteria were
Nodularia, followed by Pseudanabaena. The Nodularia bloom began in
May then diminished in October and November. Of the two cyanotoxins examined, nodularin and anatoxin, only nodularin was found to
be present in elevated levels. Trichocorixa verticalis became the dominant zooplankter in June, July and August and appeared to facilitate a
pronounced shift in the zooplankton assemblage as a result of predation
pressure on vulnerable zooplankton prey and via competitive advantages
conferred by other beneficial traits. The results suggest that under current
conditions of phosphorous input into the bay nitrogen reductions may in
fact enhance the competitive dominance of nitrogen-fixing cyanobacteria
and therefore promote the bloom of Nodularia and Pseudanabaena.
4 Macroinvertebrate Assemblages and the Health of Great Salt Lake
Impounded Wetland Ponds
T.G. Miller, Jordan River/Farmington Bay Water Quality Council; H.
Hoven, The Inst for Watershed Sciences; D.C. Richards
The unique ecological and economic importance of Great Salt Lake
(GSL) and its associated wetlands are well documented. Approximately
40% of these wetlands are highly regulated, impounded ponds primarily
managed for waterfowl and shorebirds including the aquatic life that they
depend on, including macroinvertebrates. However, useful methods for
assessing and monitoring the health of GSL impounded freshwater wetland ponds using macroinvertebrate criteria do not exist and are urgently
needed given the dramatic increase in human-caused impacts to these
systems, including metals and nutrients. We have been collecting, analyzing, and synthesizing macroinvertebrate and associated environmental
data in GSL impounded wetland ponds for over a decade. Results show
that macroinvertebrate assemblages are spatially and temporally dynamic
and are often indirectly affected by metals and nutrients via aquatic plant
condition. We will present a summary of additional findings including
the development of an adaptive macroinvertebrate multimetric index
of integrity that can be used to access the condition of these critically
important wetland ponds.
5 Trace metals in Great Salt Lake wetlands and potential impacts on
plant community health
G. Carling, Brigham Young Univ / Geological Sciences; W. Johnson, Univ
of Utah; D.C. Richards; T.G. Miller, Jordan River/Farmington Bay Water
Quality Council; H. Hoven, The Inst for Watershed Sciences; D. Fernandez,
Univ of Utah
The Great Salt Lake (GSL) and surrounding wetlands, located in northern Utah, USA, is a bird habitat of hemispheric importance. However,
the ecosystem receives nutrient-rich treated wastewater and metal-rich
runoff from the rapidly expanding Wasatch Front urban area. Recent
work has shown degradation of wetland plant communities that are a
key food source for migratory and resident waterfowl. To characterize
pond chemistry and to compare chemistry with plant community health
metrics, we collected surface water, pore water, and sediment samples at
five impounded wetlands adjacent to GSL during 2010 and 2011. We
also collected pore water and sediment samples along multiple transects
at two sheet flow wetlands during 2011 to investigate a potential link
between wetland chemistry and encroachment of invasive emergent plant
species. Samples were analyzed for a suite of trace and major elements,
nutrients, and relevant field parameters. The extensive sampling campaign provides a broad assessment of GSL wetland conditions, including
a range of conditions from reference to highly degraded. We used
nonmetric multidimensional scaling (NMS) to characterize the wetland
sites based on the multiple parameters measured in surface water, pore
water, and sediment. NMS results showed that the impounded wetlands
fall along a gradient of high salinity/low trace element concentrations to
low salinity/high trace element concentrations, whereas the sheet flow
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wetlands have both elevated salinity and high trace element concentrations, reflecting either different sources of element loading or different
biogeochemical/hydrological processes operating within the wetlands.
Other geochemical distinctions were found among the wetlands,
including Fe-reducing conditions at two sites and sulfate-reducing
conditions at the remaining sites. Plant community health metrics in the
impounded wetlands showed negative correlations with specific metal
concentrations in sediment (Hg, Cu, Zn, Cd, Sb, Pb, Ag, Tl), and negative correlations with nutrient concentrations in surface water (nitrite,
phosphate, nitrate). In the sheet flow wetlands, invasive plant species
were inversely correlated with pore water salinity. These results indicate that sediment and pore water chemistry play an important role in
wetland plant community health, and that monitoring and remediation
efforts should consider pore water and sediment chemistry in addition to
surface water chemistry.
6 Can Alternative Management Strategies for Impounded Wetland
Waterfowl Habitat Mitigate Chemical Stressors?
H.M. Hoven, The Inst for Watershed Sciences; D.C. Richards; T.G. Miller,
Jordan River/Farmington Bay Water Quality Council
Managed impounded wetlands surrounding Great Salt Lake, Utah,
U.S.A., provide habitat resources for millions of migratory and resident
waterfowl and shorebirds, yet these wetlands are at risk from habitat
loss and water quality degradation. We previously developed a multimetric index of biological integrity (MIBI) based on critical vegetative
waterfowl food resources and plant health metrics that differentiated
between impoundments in good or excellent condition and those that
were somewhat to severely degraded; however, it is not evident that
habitat degradation is related entirely to excessive nutrient loads or
elevated trace metals associated with surface water and sediment. Here
we examine whether routine management activities limit wetland
functions, as measured by plant metrics. We categorized several water
management practices as possible factors of wetland condition including
several practices related to water and carp management, and categories
related to the position of a wetland in the landscape and its water source.
We found strong relationships between management practices and plant
health metrics and discuss management practices that are likely the
most important drivers of each plant metric. We then developed a list of
recommendations that show how commonly used management practices
could be manipulated to achieve results that align more closely with
management objectives, potentially mitigate effects of chemical stressors,
and improve designated beneficial uses of Great Salt Lake impounded
wetlands.
7 Unionoida mussels and non prosobranch snails in the Jordan River
drainage, UT in response to USEPA’s ammonia criteria revisions
D.C. Richards; T. Miller, Jordan River/Farmington Bay Water Quality
Council
North America supports the richest diversity of freshwater mollusks
on the planet, although the western USA is relatively depauperate. The
one exception is the rich molluskan fauna of the Bonneville Basin area,
including much of western Utah. Native freshwater mollusks historically provided vital ecosystem functions and are truly a Utah natural
heritage. Unfortunately, freshwater mollusks are also the most imperiled
animal groups in the world including Utah species. USEPA recently
recommended changes in freshwater ammonia criteria based primarily
on sensitive freshwater mollusks. Because these sensitive taxa may not
occur in a region or in potentially impacted sites, USEPA also developed
a recalculation procedure that allows agencies to develop site-specific
water quality criteria ‘to better reflect the organisms that occur at a
specific site”, focusing on the presence or absence of Unionoida and
non-pulmonate snails. Consequently, we surveyed approximately 7.5
miles of the Jordan River (JR), UT for the presence/absence of these
taxa including sections of the river directly upstream and downstream
of wastewater treatment facilities in 2014. We did not find any live
Unionoida or native non-prosobranchs in any sections of the mainstem
of the JR, although we did find native non-prosobranchs in tributaries and at least one isolated Unionoida population is known to exist far
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upstream in the drainage. We also documented two highly invasive
mollusk taxa throughout the entire JR drainage. We conclude that native
Unionoida are likely absent from JR and non-prosobranchs if they occur
in the JR, likely only do so because of downstream drift from tributaries.
The JR and its primary source, Utah Lake are highly degraded from a
multitude of serious past and present physical, chemical, and biological impairments which threaten the continued existence of all of these
target taxa. Therefore, it is likely that further reduction in ammonia from
wastewater treatment facilities that could cost millions of dollars to build
would not improve conditions needed for native mollusk recolonization
and these monies could be better spent on reducing the effects of those
impairments likely responsible for the demise of native sensitive mollusks
in the JR drainage. Based on our findings and others, we recommend
developing site-specific ammonia criteria using the USEPA recalculation
procedure. In this presentation we will discuss our methods, results and
conclusions.
8 Understanding Nitrogen Dynamics and Organic Matter Sources in
the Jordan River
R. Goel, Univ of Utah / Civil Engineering; S.B. Abedin, M. Barber, Univ
of Utah / Civil and Environmental Engineering
In the growing urbanization era, anthropological changes like hydraulic
modification, waste water treatment plant effluent discharge etc. have
caused a variety of ailments to urban rivers that include organic matter and nutrient enrichment, loss of biodiversity, and chronically low
dissolved oxygen concentrations. Utah’s Jordan River is no exception,
where nitrogen contamination and persistently high organic matter
are some of the major current issues. The purpose of this research is
to look into the nitrogen dynamics at selected sites along the Jordan
River and explore the associated sources and effects of organic matter. To demonstrate the study of nitrogen dynamics, three sites along the
Jordan River were chosen. Results from serum bottle denitrification and
nitrification experiments strongly indicate that Jordan River sediment
is very active in ammonia oxidation and more importantly, in nitrate
reduction. Denitrifiers have proven to be more active in the presence of
organic carbon. Leaves from the deciduous trees account for a significant amount of organic content in the river flow. Leaf leachate provides
a readily available energy source for the decomposers. Studies on two
different species, Quercus gambel and Acer grandidentatum, illustrate
how high amount of dissolved organic carbon can be leached within 24
hours of immersion in water. Serum bottle denitrification experiments
using leaf leachate with pure biomass show that this organic carbon is
biodegradable with a denitrification rate of 2.21 mg N/g VSS-day. A
higher denitrification rate was observed when leaf leachate was applied as
the organic carbon source with the Jordan River sediment, comparing to
the ones without any added organic carbon. Variation in nitrification and
denitrification rates is also supported by the molecular analysis-qPCR.
At Legacy nature preserve site both nitrate reduction and ammonia oxidation rates attained were higher than the other two sites. The potential
nitrification rate observed at this site was 0.468 mg N/gm VS/day, where
denitrification rate was 1.092 mg N/gm VS/day. The T-RFLP experiment revealed the presence of several nitrifying species in the Jordan
River sediment. These potential rates of denitrification and nitrification
at different locations along the Jordan River provide a better understanding of the nutrient dynamics along the river, which will be essential in
forming more reasonable TMDL and management practices.
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Making Science Matter: Effective Science
Communication and Outreach
9 Stakeholder engagement and feedback efforts to increase use of the
iCSS ToxCast Dashboard
C. Baghdikian, USEPA / National Center for Computational Toxicology;
T. Bahadori, USEPA / Office of Research and Development; R.S. Thomas,
USEPA / Office of Research and Development, National Center for
Computational Toxicology; K. Crofton, USEPA / National Center for
Computational Toxicology; M. Linnenbrink, USEPA / ORD
In the era of ‘Big Data’ research, many government agencies are engaged
in generating and making public large amounts of data that underlie
both research and regulatory decisions. Public access increases the
‘democratization’ of science by enhancing transparency and access.
However, in order to make the benefits of this access tangible and ubiquitous, training, translation, and facilitated engagement are necessary.
The limited amount of publically accessible toxicity data on thousands
of chemicals found in consumer products has led to the development of
research endeavors such as the USEPA’s Toxicity Forecaster (ToxCast).
ToxCast uses high-throughput screening technology to evaluate thousands of chemicals for potential toxicity. At the end of 2013, USEPA
released ToxCast chemical data on almost 2,000 chemicals through
the interactive Chemical Safety for Sustainability (iCSS) Dashboard.
The iCSS Dashboard provides public access to data that can be used to
inform the evaluation of the safety of chemicals. EPA recognized early in
the development of ToxCast that stakeholder outreach and engagement
was critical to ensure that complex scientific information and data in
the iCSS Dashboard was relevant and usable by stakeholder communities. The goal of this effort was to educate the diverse user community
through targeted efforts to increase data usage and analysis. Through
surveys, one-on-one demos, and stakeholder meetings, user feedback
was gathered and used to guide refinement of public access tools. It also
led to development of tutorial videos that demonstrate how to access
and use the data. The first video of the series has been released to guide
dashboard usage. This feedback was also integrated throughout the
development process of the new dashboard, released in the summer of
2015, from the integration of the understanding of use cases and functionality needs expressed from the original dashboard, through targeted
user testing of the new tool. This presentation will describe the user
feedback integration strategy, including an overview of: 1) stakeholder
outreach goals and approach; 2) the process of two-way communication
for feedback collection; 3) user testing and feedback integration: and 4)
the impact of these outreach efforts. This stakeholder-outreach approach
is an ongoing effort that has been critical to improved public access,
understanding, and usability of the iCSS Dashboard and ToxCast data.
This abstract does not necessarily reflect USEPA policy.
10 Making Science Matter for Congress: The SETAC North America
TSCA Reform Dialog Group
S.Z. Cohen, Environmental & Turf Services, Inc.; T. Augspurger, US Fish
and Wildlife Service / Ecological Services; P.D. Guiney, S.C. Johnson &
Son, Inc. / Molecular and Environmental Toxicology Center; M.S. Johnson,
Toxicology Portfolio; S.M. Lev, IDA Science and Technology Policy Inst /
Urban Environmental Biogeochemistry Laboratory; C. Menzie, SETAC;
P.K. Sibley, Univ of Guelph / School of Environmental Sciences; J.P.
Staveley, Exponent; B.W. Vigon, SETAC; J.D. Walker; S. Williams, Baylor
Univ
The U.S. Toxic Substances Control Act (TSCA) was passed in 1976.
There is a strong consensus among the regulated community, environmental activists, and the USEPA that several statutory components of
TSCA need to be revised. Bipartisan efforts in Congress to significantly
revise certain key components of TSCA have recently begun to show
promise. In response, SETAC North America (SNA) formed the TSCA
Reform Dialog Group (DG), as part of the SNA Public Outreach
Committee, to provide scientific input to the legislative process. The DG
consists of 41 members, with a 10 member steering committee, both of
which contain tripartite representation. We began our input to Congress

in early 2014 by sending letters of introduction to Members of the
House Energy and Commerce Committee and the Senate Environment
and Public Works Committee. The letters described SETAC’s goals
and membership, and listed 10 environmental issues for which we
intended to share our knowledge. We established relationships with key
Congressional staff, which led to a seminar on risk assessment science
we conducted for staff later that year. Key science issues that seemed to
strike a chord with the staff were risk as a function of hazard and exposure, data quality and weight of evidence, and, secondarily, challenges
in risk screening of thousands of chemicals and extrapolating test results
from a few species to many. Subsequent actions by the DG include
co-leading with the SOT a round table discussion with eight Members
of the House, writing issue papers covering the 10 topics listed in our
initial letters, and submitting formal comments on draft legislation in
2015. Our initial focus has been the House bill, but we are beginning to
review the more comprehensive Senate bill at the time of this abstract.
We have developed a unique process that maintains the tripartite integrity of SETAC: we prepare issue papers, submit them to the Science
Committee and the BOD of SNA for review and approval, and then
submit the draft comment letter to the BOD that is based on the issue
papers. The process has been driven by external deadlines which have
been changing and are difficult to anticipate. Therefore internal SETAC
review has had to be made more rapid and nimble while maintaining the
integrity of the process. One of the many challenges to this process was
to learn how to identify the best available science to support policy while
not advocating for any legislative position. Our role in TSCA reform
continues.
11 Sea Grant Programs of the Gulf of Mexico Oil Spill Science and
Outreach: Communicating the Impacts of the Deepwater Horizon
Oil Spill
E.S. Maung-Douglass, Louisiana Sea Grant - LSU / Louisiana Sea Grant;
L. Graham, Mississippi-Alabama Sea Grant Consortium; C. Hale, Texas
Sea Grant; S. Sempier, Mississippi-Alabama Sea Grant Consortium; M.
Wilson, Florida Sea Grant
In April 2010, the Deepwater Horizon oil rig caught fire and sank off
the coast of Louisiana (USA). The wellhead released an estimated 200
million gallons of oil into the Gulf of Mexico, making it one of the
largest oil disasters on record. More than 1.84 million gallons of the
dispersant Corexit were used in response; this was the first time in history chemical dispersants had been applied at great depth (0.93 mi). In
the five years since the Deepwater Horizon (DWH) oil spill, research
initiatives have made major advances in understanding the implications
of the incident (chemical, biological, physical transport, etc.). A major
challenge encountered post-DWH includes effectively synthesizing,
translating and disseminating the scientific findings to people whose
livelihoods depend on a healthy Gulf of Mexico. In 2014, the Gulf of
Mexico Sea Grant programs and the Gulf of Mexico Research Initiative
(GoMRI) embarked on a partnership to serve people who could utilize
oil spill science in decision-making or who depend on the Gulf for their
livelihood. These target audiences include elected officials, emergency
responders, environmental nonprofits, fishers, natural resource managers,
ports and harbors employees, public health workers, tourism specialists,
and scientists. The Gulf of Mexico Sea Grant programs assembled a
team of four extension specialists – each with different areas of scientific
expertise - to assess target audience needs and share oil spill science.
Information on how the Sea Grant oil spill outreach team assesses the
needs of target audiences, synthesizes and delivers oil spill science, and
connects a variety of target audiences to one another will be shared.
Details on deliverables and how evaluative tools such as social network
analysis (SNAs) and formative evaluations are utilized to determine the
effectiveness of the Sea Grant-GoMRI effort will be discussed as well.
12 Biodegradation of Dispersed Oil
R. Prince, ExxonMobil Biomedical Sciences
Dispersants are important tools in oil spill response. Taking advantage of
the energy in even small waves, they disperse floating oil slicks into tiny
droplets (< 70 µm) that entrain in the water column and drift apart so
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that they do not re-agglomerate to re-form a floating slick. The dramatically increased surface area allows microbial access to much more
of the oil, and diffusion and dilution lead to oil concentrations where
natural background levels of biologically available oxygen, nitrogen,
and phosphorus are sufficient for microbial growth and oil consumption. Dispersants are only used on substantial spills in relatively deep
water (usually >10 m), conditions that are impossible to replicate in
the laboratory. To date, laboratory experiments aimed at following the
biodegradation of dispersed oil usually show only minimal stimulation
of the rate of biodegradation, but principally because the oil in these
experiments disperses fairly effectively without dispersant. While it can
be shown that biodegradation of dispersed oil is prompt and extensive following a successful application of dispersants at an appropriate
concentration in the water column, it is often difficult to convey this in
a manner that is readily understood by the full spectrum of stakeholders because of the relatively complex scientific methods involved. The
presentation will highlight the key points of the biodegradation process
and will address the topics that need to be focused upon in any discussion with the general public, media and government regulators.
13 Transdisciplinary Approaches to Environmental Science
Education: A Case Study from Northern Saskatchewan, Canada
M.C. Cavallaro, School of Environment and Sustainability; M.C. Van
Buskirk, J.K. Schmutz, P.M. Belcher, Saskatchewan Environmental Society
Northern Saskatchewan (SK), Canada features an abundance of freshwater resources, which are currently faced with anthropogenic stressors
from nearby industrial activities and failures in water distribution infrastructure. Contracted by the Saskatchewan Ministry of Environment
in 2012, the Saskatchewan Environmental Society developed a schoolbased education program called the Boreal Water Monitoring Program
(BWMP). This program currently includes six northern communities,
La Loche, Buffalo Narrows, Île-à-la-Crosse, Beauval, La Ronge, and
Prince Albert. The primary goals of the program are to engage students
in learning about the health of their local watershed, to encourage them
to care about it, and learn to protect it. To achieve this, the BWMP
incorporates the ideals of traditional knowledge and empirical science to
merge the concepts of both indigenous and western approaches to communicating complex environmental problems. Monthly water samples
from municipal and natural sources are analyzed for a suite of water
quality parameters, including metals and nutrients. Each workshop
conducted features a seasonally appropriate activity and makes connections or gives implications to the previously collected water chemistry
data. For example, summer workshops include benthic macroinvertebrate
sampling and fish tissue collection, whereas winter workshops involve
winter ecology and hands-on classroom meltwater chemistry testing.
During each workshop, a respected elder in the community joins the
class to share their experiences and knowledge of the surrounding area
and to tell stories of environmental changes throughout their lifetime.
New knowledge can be developed by integrating intellectual tools and
experiences from multiple disciplines. Transdisciplinary approaches to
environmental education offer a unique opportunity to gain a perspective
from non-academic stakeholders who can offer local knowledge existing
within and developed around the specific conditions to a particular geographic area. In environmental education, these strategies can provide
experiential learning and cultural transmission. The BWMP is situated
in the nexus of empirical scientific research, environmental education,
and traditional knowledge. Concurrently using these three approaches
can offer insight to the health of the northern aquatic ecosystems and
can provide effective ways to communicate information to younger
generations.
14 Scientific Communication in the Environmental Sciences - It is a
Different World
R. Sofield, Western Washington Univ / Huxley College of the Environment
Appropriate communication is a commonly discussed topic in the sciences. We all know the introduction comes before the methods. The
discussion follows the results. Methods don’t go in the results section.
There is an emerging recognition, however, that this may not be an
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adequate skill set for young professionals working in the sciences. Tools
such as Twitter, blogs and Facebook that can be used to communicate
more broadly provide new opportunities and increased needs to communicate with a public audience. A series of undergraduate classes at
Western Washington University have focused on content-based material
related to remediation of contaminated sites, but also include required
activities that provide opportunities to practice translating the technical scientific language into more accessible information. Social media is
used to communicate about on-going experiments. Comic books allow
for creative story-lines about remedial technologies. Podcasts are used to
generate excitement about a complex scientific issue. Examples of these
activities will be presented along with a discussion of how well the need
to communicate more broadly is accepted by the students.
15 Tox on Tap: A public science initiative
S.E. Crawford, Univ of Saskatchewan - Toxicology Centre; L.P. D’Silva,
Univ of Saskatchewan - Toxicology Centre / Toxicology; D. Green, C.
Labarrere, Univ of Saskatchewan / Toxicology Centre; E. Maloney, Univ of
Saskatchewan / Toxicology
Tox on Tap (ToT) is a forum for the discussion of current work and interesting scientific issues. Our volunteer based organization run by students
aims to demystify scientific research for the general public and empower
non-scientists to more comfortably and accurately assess science and
technology issues, particularly those that stem from toxicological impacts
in the environment. ToT is based on the French Cafe Philosophique
model,Café Scientifique. It is a place where anyone can come to explore
the latest ideas in science. Originating in England, the concept quickly
gained popularity and was taken to other countries. Similar but independent events have arisen in many cities using variations of the Café Sci or
Science Café name. Meetings have taken place in cafes, bars, restaurants
and even theatres, but always outside a traditional academic context. The
events are known for their informal and friendly atmosphere, and are
believed to improve the image of scientists and careers in science. ToT
organizes approximately 4-8 talks/events per year with speakers invited
to start discussion on hot topics in toxicological science that are hosted
in a local pub. Topics have ranged from lead, hunting and wildlife to
aboriginal peoples and natural resources. We would like to share our stories and success in organizing these events in hopes that others are able
to communicate their science to the public and a friendly and educational
fashion.
16 Students of SETAC: Connecting students on a global level
through social media
D. Jevtic, Jagiellonian Univ / Inst of Environmental Sciences, Ecotoxicology
and Stress Ecology; S.R. Bowman, NOAA / National Sea Grant Office; J.
Rodriguez Gil, Univ of Guelph / School of Environmental Sciences; T.D.
Mišljenović, Univ of Belgrade / Faculty of Biology, Inst of Botany and
Botanical Garden Jevremovac; A.D. Gray, The Citadel / Biology; L. Paulik,
Oregon State Univ / Environmental and Molecular Toxicology; E.K.
Brockmeier, Univ of Liverpool / Functional and Comparative Genomics
SETAC is a global scientific society, with over 25% (~1500) of SETAC
members being students. As science becomes increasingly global and as
SETAC increases its presence in other geographical units, the student
advisory councils of SETAC North America and SETAC Europe recognized the need of reaching out to students on a wider level. In September
2013 the SETAC North America Student Advisory Council (NASAC)
and SETAC Europe Student Advisory Council (SAC Europe) joined
together to develop a social media presence with the goal of establishing
a forum for sharing ideas, promoting upcoming events, and discussing
issues relevant to students in SETAC. Our social media presence began
on Facebook and later spread to Twitter and LinkedIn. Through promotion of our page at SETAC annual meetings, via SETAC newsletters
and websites, and by other students sharing and recommending our page
to colleagues, our social media presence has seen steady growth and
increased post engagement. Our Facebook page is just under 500 likes
and our Twitter page nearing 200 followers, with additional students
following us after each SETAC meeting. With our team of social media
managers from NASAC, SAC Europe, and other geographical units
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and regional chapters of SETAC, we post announcements and activities
relevant for students of all geographical units. This includes highlighting student events at annual meetings using conference-specific hashtags
in order to reach a wider audience. We have also had success while
promoting our for-students, by-students meeting concept, the Young
Environmental Scientists (YES) meeting. The 2015 YES meeting was
the first such event after the launch of our social media profiles. We
used Facebook and Twitter for announcements on abstract submissions,
short courses, and used the #SETACYES hashtag during the conference to promote events and talks as they occurred. We also promote
other opportunities such as job postings, workshops, and useful links and
news stories relevant for our students. We are also working with student
members of other active SETAC student groups, including SETAC
Australasia and SETAC Argentina, to promote their student activities
on our page and ensure a global representation of our content and our
audience. With the increased growth of our current social media presence as well as reaching out into new formats, we hope to reach all of our
1500 SETAC student members and to establish a truly global presence
for SETAC students worldwide.

Complexity Kills the Minnow: How to
Predict the Effects of Complex Mixtures
Containing Multiple Stressors
17 Effects of fungicide mixtures on growth and reproduction of the
amphipod Austrochiltonia subtenuis
H.T. Vu, Univ of Melbourne/ Zoology Dept; M.J. Keough, The Univ
of Melbourne / School of Biosciences; S.M. Long, CAPIM / School of
Biosciences; V.J. Pettigrove, Univ of Melbourne / Zoology
Fungicides are widely used in agriculture to protect plants from fungal
infection. Most fungicides have a single-site mode of action and this
makes them susceptible to fungal resistance in plants. To combat this,
different types of fungicides are often applied for one crop resulting
in co-occurrence of fungicides in agricultural areas. The present study
investigated the effects of two commonly used fungicides, boscalid and
myclobutanil, on the amphipod Austrochiltonia subtenuis at concentrations
detected in aquatic environments under laboratory conditions. Sexually
mature amphipods were exposed singly and in combination to boscalid
(1, 10, 40 µg/L) and myclobutanil (3 µg/L) over four weeks. Survival,
growth, reproduction, and offspring size were examined at the end of
experiment as well as Glutathione S-transferase activity and the presence
of vitellogenin-like protein (Vtg) in male and female amphipods. Both
fungicides had significant effects on male growth, sex ratio, and juvenile
size. Boscalid primarily affected female growth and number of embryos
per gravid female while myclobutanil affected time to become gravid and
time to first reproduction. The joint toxicity effects of two fungicides on
number of gravid female and numbers of offspring were antagonistic.
Neither fungicide nor the mixtures had significant effects on amphipod
survival. Results from this study suggested that the adverse effects of different fungicides on reproduction of aquatic invertebrate are complex and
further research should consider the mechanism of action of fungicides
to aquatic organisms.
18 A More Realistic Assessment of Toxic Effects from Storm Water:
Organism Sensitivity to Pulsed Salinity, Pyrethroid Pesticide, and
Copper Exposures
P. Arth, Nautilus Environmental; A. Cibor, Nautilus Environmental /
Aquatic Toxicology; C. Stransky, AMEC Earth & Environmental / Aquatic
Sciences
Laboratory tests used to evaluate water quality in a designated Area of
Special Biological Significance (ASBS) in La Jolla, California, have
indicated potential for receiving water impacts during storm events based
on elevated chemical concentrations, as well as end-of-pipe toxicity using
standard USEPA methodologies developed for whole effluent discharges. The greatest potential impact in this protected rocky intertidal

area appears to be related to runoff which directly inundates intertidal
communities for short durations while the tide is low. Potential stressors
include a combination of low salinity and chemical constituents; copper
and pyrethroid pesticides in particular, at this location. A better grasp
of the tolerance of marine species to pulsed exposures of these stressors
is critical to understanding whether freshwater alone, or in combination
with toxicants, may be problematic for intertidal communities. There is
a substantial lack of toxicity data documenting the effects of pyrethroids
to sensitive life-stage marine organisms. There is also a general lack of
data regarding exposure durations of freshwater and toxicants tolerable to
marine species. Current methods employed in bioassay testing of marine
organisms require manipulation of low salinity samples. Additionally,
exposure durations in typical controlled-environment methods are much
longer than those encountered by organisms in a marine environment.
Methods employed for this laboratory study simulated field exposure
concentration and duration conditions faced by organisms in the receiving environment. Results indicate organism tolerances to anthropogenic
constituents vary dramatically between pulsed and static exposures.
Furthermore, freshwater exposure alone, even briefly, can have a substantial acute effect on marine organisms. Toxicity tests were conducted
using three species: the purple urchin Strongylocentrotus purpuratus, the
Mediterranean mussel Mytilus galloprovincialis, and the mysid shrimp
Holmesimysis costata. The pulse exposure methodology proved to be a
successful modification to standard methods to quantify the effects of
multiple stressors in a dynamic environment, providing a more realistic
assessment of organism responses in the receiving environment. This
information can be used to support the application of direct assessment
methods using in situ monitoring concurrent with laboratory testing to
bridge understanding between field and laboratory conditions.
19 Assessing the impact of urban-derived contaminants on freshwater mussels using indicators spanning multiple levels of biological
organization
P. Gillis, Environment Canada / Aquatic Contaminants Research Division;
E.M. Leonard, Biology; R. McInnis, Environment Canada
The Grand River watershed in southern Ontario has historically supported one of the most diverse populations of freshwater mussels in
Canada, however 30-50% of the species once found there are believed to
have been lost, losses which have been attributed at least partially to ‘pollution’, though no specific cause has been identified. Water quality in the
central region of the watershed is impaired from anthropogenic activities
including road runoff and the effluents from wastewater treatment plants
serving the nearly one million inhabitants. A suite of indicators ranging
from biochemical stress biomarkers to population surveys were used to
determine the effect of the complex contaminant mixture on wild freshwater mussels at four sites spanning a 50 km reach of the Grand River.
Mussels collected downstream of the urbanized region exhibited effects
across multiple levels of biological organization, including elevated levels
of lipid peroxidation and metal-binding proteins, as well as reduced
condition factor and mean age compared to mussels living upstream of
development. Population surveys revealed that the abundance of mussels
declined by 60% between the upstream and downstream sites and that
species composition changed moving through the study area (6 species
upstream, 4 downstream). One species, Lasmigona costata was found at
all sites, though the downstream mussels had a narrower size distribution (85-115 mm) than mussels collected upstream of the majority of
urban inputs (45-130 mm). These results indicate that chronic exposure
to a complex mixture of urban contaminants negatively impacts mussels
and corroborates previous assumptions that ‘pollution’ contributed to the
decline of the freshwater mussel population in this watershed. Given the
complex nature of the exposure, the specific chemical(s) and/or water
quality parameter(s) responsible for the observed effects has not yet been
identified.
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20 Altered aromatase expression in fathead minnow larvae following
in situ exposure to an agrichemical pulse
J.M. Ali, Univ of Nebraska Medical Center / Environmental Agricultural
and Occupational Health; Y.A. Farhat, Univ of Nebraska at Omaha /
Biology; A.S. Kolok, Univ of Nebraska - Omaha / Nebraska Watershed
Network
Agriculturally dominated regions of North America are subject to
seasonal runoff events that carry pesticides, veterinary pharmaceuticals,
fertilizer and sediments into adjacent watersheds generating pulses of
agrichemicals. Identifying the potential risk to aquatic organisms at early
life stages is difficult due to the complexity of these pulsatile events. The
objective of this study was to evaluate the utility of larval fathead minnows as environmental sentinels relative to endocrine disruptive impacts
associated with pesticide runoff. It was hypothesized that exposure of
female larval fathead minnows to agrichemicals during the period of
sexual differentiation would adversely impact subsequent reproductive
development. Experiments were conducted in the field by exposing
fathead minnow larvae in situ at the Elkhorn River Research Station,
NE, USA. The ERRS is located on the western edge of metropolitan
Omaha, and is equipped to pump water in real-time from the Elkhorn
River into microcosms capable of supporting small fish and other aquatic
organisms. The occurrence of agrichemical runoff was detected using
commercially available test strips capable of detecting the herbicide
atrazine at 3 ppb. Starting June 4, 2014 fathead minnow larvae were
exposed to the spring agrichemical pulse from 5 to 12 days post-hatch.
Larvae were then returned to the Aquatic Toxicology Laboratory at the
University of Nebraska at Omaha and raised in laboratory water until
28 dph. Morphometrics and relative mRNA expression of cyp19a and
erα was compared between station control larvae and river exposed
larvae. Both male and female river exposed larvae showed a reduction in
growth. Female river exposed larvae showed a reduction in expression
of cyp19a compared to station controls, whereas males had the opposite
effect showing increased cyp19a expression at 28 dph.
21 Acute and Chronic Effects of Diltiazem in the Fathead Minnow
(Pimephales promelas) across Dissolved Oxygen Gradients
G. Saari, S.P. Haddad, Baylor Univ / Environmental Science; K.
Chambliss, Baylor Univ / Dept of Chemistry; J. Corrales, Baylor Univ /
Environmental Science; B.W. Brooks, Baylor Univ / Environmental Health
Science Program Dept of Environmental Science
Water resources in arid to semi-arid regions are stressed by water
shortages resulting from population growth and drought. Growing
populations and climatic changes are influencing contaminant and water
chemistry dynamics in urban inland waters where flows can be dominated by or even dependent on wastewater treatment plant discharge.
In these urbanizing watersheds, interacting stressors such as dissolved
oxygen (DO) and urban environmental contaminants (e.g., pharmaceuticals) can affect fish physiology and adverse outcomes of fish population.
Recent field observations from our group identified diltiazem, a calcium
channel blocker and vasodilator used to treat high blood pressure, in
fish plasma exceeding human therapeutic doses (e.g., Cmax). Thus, the
first objective of this study was to examine the acute and chronic effects
of low DO and diltiazem singularly with standard toxicity endpoints.
Secondly, does DO, at levels deemed protective of aquatic live, influence diltiazem toxicity across DO gradients, and third, are therapeutic
effects evident at diltiazem water concentrations predicted to cause a
human therapeutic level in fish plasma (therapeutic hazard value, THV)?
DO and diltiazem growth effects were observed at 2X and 10X their
LC50 values (2.0 and 28.2 mg/l, respectively). 48-h acute DO-diltiazem
larval fathead minnow survival were significantly decreased across DO
gradients. Similarly, 7-d chronic DO-diltiazem exposures significantly
decreases growth across DO gradients. Significant effects were observed
on swimming behavior at the THV, following both 48-h and 7-d
DO-diltiazem exposures. Individual and population level consequences
of such behavioral alterations are not yet understood and deserve future
study.
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22 Contribution of PAHs to the teratogenicity of bioavailable
Superfund mixtures
A.J. Bergmann, R.L. Tanguay, Oregon State Univ / Environmental
Molecular Toxicology; K.A. Anderson, Oregon State Univ / Environmental
and Molecular Toxicology
We present the progress of investigations attempting to identify specific
teratogens in complex mixtures from the Portland Harbor Superfund,
Oregon. Our primary research question is how polycyclic aromatic
hydrocarbons (PAHs) contribute to mixture toxicity compared to other
bioavailable hydrophobic organic compounds (HOC). PAHs are currently ‘re-emerging’ as contaminants of concern for their developmental
toxicity and, at some sites, drive remediation in Portland Harbor. We
used passive sampling devices (PSDs) to concentrate PAHs and other
HOCs from the water column and analyzed the resulting extracts for
conventional compounds and contaminants of emerging concern. Using
both top-down (fractionation of whole extracts) and bottom-up (recreation of sub-mixtures with standard compounds) approaches, we narrow
in on the toxicants responsible for the observed toxicity and evaluate
interaction effects. In the PSD extracts and fractions we measured 62
PAHs (GC-MS/MS), 63 pesticides (GC-ECD), and screen for >1200
pesticides, pharmaceuticals, and industrial compounds (GC-MS in full
scan with automated spectrum deconvolution and reporting). Non-target
components were tentatively identified, when possible, by examining the
full scan GC-MS chromatogram. Zebrafish embryos were exposed to
PSD extracts that contained up to 5.7uM total PAHs. We observed concentration dependent mortality and sublethal effects including yolk sac
and pericardial edemas, bent axes, and wavy notochords. Gel permeation
chromatography was able to separate PAHs from the fraction responsible for axis and notochord effects and eliminated elemental sulfur as
a contributor. The PAH-containing fraction exhibited mortality and
edemas. We will present further investigations into the cause of toxicity in the PAH-containing fraction. We hypothesize that non-target
compounds that contribute markedly to the total ion chromatogram,
such as unidentified semi-volatile organic compounds and fatty acids, are
influencing toxicity. We will present the results of further separating the
PAH-containing fraction with normal phase HPLC and will compare to
representative mixtures of PAHs. Additionally, we will discuss advantages and disadvantages of PSDs in toxicant identification studies.
23 Confirming bioretention effectiveness for treatment of urban
stormwater runoff using molecular indicators of cardiovascular toxicity
J. McIntyre, Puyallup Research Extension Center; R. Edmunds, NOAA
Fisheries; M. Brown, Evergreen State College; E. Mudrock, Washington
State Univ; J. Incardona, NOAA Fisheries / Env Conservation Division; J.
Davis, US Fish & Wildlife Service / Division of Environmental Assessment
and Restoration; J.D. Stark, Washington State Univ / Dept of Entomology;
N. Scholz, NOAA Fisheries
Urban runoff contains a complex mixture of contaminants that are
harmful to aquatic biota. Among the acute toxicological effects of urban
highway runoff in developing fish is cardiotoxicity. Cardiovascular
abnormalities caused by highway runoff exposure include chamber deformities, retrograde blood flow, pericardial edema, cranial hemorrhaging,
and circulatory stasis in developing zebrafish (Danio rerio). Because of its
use in the field of human health research, there exist a wealth of molecular tools for exploring cardiac dysfunction in zebrafish. We employed a
subset of these tools to better characterize the cardiotoxicity of urban
runoff to developing fish including classic molecular indicators of exposure to aromatic organic contaminants (cytochrome P450; cyp1a) and
metals (metallothionein; mt2). We also examined the induction patterns
of several cardiac-specific genes that are typical affected in zebrafish
heart mutants as well as humans with heart failure. We identified several
genes that were dose-responsive; tracking the severity of cardiotoxicity in zebrafish exposed for 48 h to highway runoff from various storm
events. Particle exclusion (< 0.7 um) resulted in no loss of exposure to
organic or metal contaminants, whereas resuspended particles did not
produce any visible or molecular indicator or cardiac injury. Finally, we
tested the ability of bioretention treatment of runoff to eliminate these
indicators of exposure and injury. Bioretention treatment resulted in
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significantly reduced exposure to organic aromatic contaminants (cyp1a),
loss of metals exposure (mt2), and a loss of both morphometric and
molecular cardiotoxicity. The persistent, low-level induction of cyp1a
was not a result of inducers leaching from the bioretention materials, but
instead suggests a small amount of organic contaminants make their way
through the treatment.
24 Assessment of Chemical and Pathogen Risks at an Urban River
B. Ruffle, AECOM / Environment; K. Vosnakis, AECOM; M. Norman,
AECOM / Analytical Environmental Chemistry
Risk-based cleanups at contaminated urban river sites are typically driven
by chemical stressors under regulatory programs, such as CERCLA.
However, non-chemical stressors, including pathogens, are often
equally problematic in urban waterways subject to point sources, such as
combined sewer overflows (CSOs). Because of multi-stressor impacts,
remedies focused on one system stressor (e.g., chemicals in sediment)
without understanding the impacts and interrelationships of other system stressors runs the risk of recontamination and/or failure to achieve
long-term objectives. In this paper, the risks to human health posed by
potential exposures to chemical and pathogen stressors in an industrial
urban river are evaluated. Using standard risk assessment tools and
methods established in USEPA guidance, the risks to recreational users
of the Lower Passaic River in New Jersey from exposures to chemicals
and pathogens in the river are evaluated. Key elements of the problem
formulation step, including the questions to be addressed, available
data, and the risk assessment conceptual site model, are presented. The
similarities and differences in the types of stressors, dose-response data,
exposure and risk calculation methods, and the quantification and interpretation of the risk results are discussed, along with key uncertainties.
While chemical risks are primarily associated with indirect exposure
(i.e., fish consumption), pathogens pose significant direct contact risks.
The findings of the dual risk assessments provide useful perspective on
public health risks to recreational users of the Lower Passaic River and
underscore the need for integrated approaches to cleanup at urban river
sites.

Human Exposures to Chemicals in Consumer
Products
25 Assessing User Exposure to Consumer Products: Methods Specific
to Product Use and Exposure Route to Assess Consumer Health Risks
P.J. Sheehan, Exponent / Health Sciences; Y. Lowney, Exponent, Inc. /
Health Sciences; R. Kalmes, K. Bogen, M. Posson, M. Glomski, A. Singhal,
V. Volberg, B. Beckerman, E. Goswami, Exponent / Health Sciences
Consumer Products Safety Commission, California’s Proposition 65 regulations, as well as legal suits against manufacturers, have necessitated
the development of exposure assessment methods to comprehensively
address exposure to consumer products; this includes issues specific to
classes of products and their uses. Although regulations on consumer
products have been in place for decades, a variety of products have no
standardized exposure assessment procedures. This presentation provides
an overview of the contexts in which exposure assessments of consumer
products are useful, methods that are currently being used to assess
consumer exposures to the variety of everyday products, and a discussion of data gaps and uncertainties. Exposures to chemicals released
from consumer products occur via ingestion, inhalation, and dermal
contact. Examples of exposure routes commonly evaluated include
direct ingestion of contaminant chemicals in packaged foods and dietary
supplements, incidental ingestion of chemicals transferred from product
via hand to mouth contact, inhalation of volatile chemicals released from
products, dermal uptake of chemicals directly transferred to skin from
handled products, absorbed from topically-applied products, or leached
from electronic wearable devices into sweat and water on the skin as.
Many types of consumer products may pose exposures via multiple
pathways. To estimate chemical release and subsequent exposures from
consumer products under typical use conditions, an understanding of the

scenarios of product use including the frequency and duration of contact
is required. Simulations using the product as intended, and sampling of
chemicals transferred from the product, are essential tools in gathering
representative data to support exposure estimation, particularly when
no or few relevant data are available in the published literature. When
data are available in the literature, statistical models of uptake may be
developed to support exposure estimation. Data on the frequency and
duration of product use are often difficult to ascertain from scientific
literature and therefore must be gathered from the product manufacturer, surveys on product use, or based on generalizing observations of
typical product use. Examples of assessment methods used for each of
the plausible routes of consumer exposure are discussed.
26 California’s Safer Consumer Products Program’s Approach to
Chemical Exposure Assessment
A. Doherty, California Dept of Toxic Substances Control / Safer Consumer
Products Program; D. Molin, California Dept of Toxic Substances Control /
Safer Products and Workplaces Program
The California Dept of Toxic Substances Control’s Safer Consumer
Products (SCP) Program is tasked with regulating products containing
a Chemical of Concern and requiring product manufacturers to conduct
an Alternatives Analysis. This novel regulatory program utilizes a narrative, rather than a prescriptive standard, to prioritize product-chemical
combinations, giving DTSC the flexibility to evolve with emerging
science. As a part of the process of prioritizing product-chemical combinations, the SCP Program must assess the potential for public and/
or aquatic, avian, or terrestrial animal or plant organism exposure to the
chemical in the product as well as evaluate if one or more of these exposures contributes to or causes significant or widespread adverse impacts.
This presentation will detail the multiple factors that SCP may consider
in assessing the potential for exposure to a chemical in a product, including exposure-related hazards, and the potential for that exposure to
contribute to significant or widespread adverse impacts. An example of
the use of this exposure assessment approach will be provided using one
of the SCP program’s recently named product-chemical combinations.
This presentation will also identify data gaps that SCP has identified
related to assessing exposure in consumer products.
27 Integrating Near-Field Sources and Pathways into Overall
Exposure Modeling of Chemicals in Consumer Products
O. Jolliet, Univ of Michigan / Environmental Health Sciences; P. Fantke,
Technical Univ of Denmark / Quantitative Sustainability Assessment
Division; A. Ernstoff, Quantitative Sustainability Assessment; S.A.
Csiszar, Oak Ridge Inst for Science & Education at USEPA / National Risk
Management Research Laboratory; L. Huang, Univ of Michigan / Dept of
Environmental Health Sciences
Humans can be exposed to chemicals in consumer products during
product use and environmental releases with inhalation, ingestion, and
dermal uptake as typical exposure routes. Nevertheless, chemical exposure modeling has traditionally focused on the far-field with near-field
indoor models only recently gaining attention. Further, models that are
mostly emissions-based, may not necessarily be applicable to all types
of chemical release from consumer products. To address this gap, we (1)
define a framework to simultaneously account for exposure to chemicals
in the near- and far-field, (2) determine chemical product concentrations
for various functional use categories, (3) introduce a quantitative metric
linking exposure to chemical mass in products, the Product Intake
Fraction (PiF), and (4) demonstrate our framework for various consumer
product categories. This framework lends itself to high-throughput
calculations for characterizing exposure to the vast consumer product
chemical space. The chemical mass in products is used as a starting point
for quantifying human exposure obtained by multiplying the chemical
concentration (e.g., % w/w) in the product with the amount of product
used per defined application. Chemical concentrations in products can be
obtained from empirical studies, formulations and associations described
in databases, or when unavailable, estimated based on chemical-product
functions or regulatory frame formulations. Exposure is quantified by
estimating the PiF, the fraction of the chemical in a product that is
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taken in by humans via each exposure route, considering specific points
of entry into the near-field environment (releases of chemicals encapsulated in articles, indoor air spray, etc.). To estimate PiFs, we combined
far-field environmental compartments with near-field points of entry and
exposure pathways in a multi-media matrix of transfer fractions, with
columns and rows for each compartment, point of entry, and exposure
pathway. The multiple transfers and PiFs (e.g., from chemicals encapsulated in articles to inhalation of indoor air and dermal uptake via skin
contact) were obtained by inverting the transfer fraction matrix, yielding
steady-state multi-media transfer fractions. PiFs for various chemicals
in products were found to be on the order of 1x10-7 for semi-volatile
organic compounds (SVOCs) in thick flooring, 5x10-3 for VOCs in
indoor air spray, and up to 95% or even higher for ingredients in leave-on
cosmetic products.
28 Chlorinated Volatile Organics in Indoor Air from Consumer
Products
W.J. Doucette, Utah State Univ / Utah Water Research Laboratory; T.A.
Wetzel, Utah Dept of Air Quality
Many consumer products contain volatile organic compounds (VOCs)
that are also the focus of soil and groundwater cleanups. The emissions
of these VOCs from consumer products into indoor environments can
result in air concentrations that are high enough to confound vapor
intrusion (VI) investigations and exceed screening risk levels. In this
study, emission rates of 1,2-dichloroethane, trichloroethene, tetrachloroethene, and carbon tetrachloride from consumer products were measured
under laboratory conditions using a flow through system. The measured
emissions were then used with a standard box model to estimate the
indoor air concentrations that would be found if these products were
introduced into a residence. To evaluate the suitability of this approach,
the estimated concentrations were then compared to concentrations
measured during several object release studies conducted in an actual
residence. The estimated and measured concentrations were found to be
within a factor of two, suggesting this approach can be useful for determining the relative impact of internal versus external VOC sources and
for screening level risk evaluations.
29 Deterministic Exposure Assessment of Ingredients Used in
Consumer Cleaning Products in the United States
S. Williams, Baylor Univ; M.C. Ciarlo, EA Engineering, Science, and
Technology; C. Pacelli; W. Greggs, Soleil Consulting, LLC; B.W. Brooks,
Baylor Univ / Dept of Environmental Science; P. DeLeo, American Cleaning
Inst
The American Cleaning Institute (ACI) has undertaken a transparency
initiative that includes conducting screening-level risk assessment for
ingredients used in consumer dish care, laundry care, and hard surface cleaning products in the United States. Following development of
the ingredient inventory and compilation of the hazard database, our
research group characterized exposure for approximately 680 identified
ingredients resulting from the intended uses for each specific cleaning
product. A major project milestone was development of the formulation database. Data on concentration for each ingredient was assembled
from manufacturer product sheets, HPV chemical submissions, trade
literature, government reports, and scientific publications. Primary data
was not available for all ingredients, so extrapolation approaches were
required. A functional use class was assigned to each ingredient to indicate its specific purpose within the product. Functional use classes from
USEPA’s Design for the Environment were used as a starting point, and
additional classes were identified as necessary. In the absence of data,
ranges of concentrations were applied to ingredients based on their functional use class within each product, and also using data for chemicals
within a chemical category. Exposure scenarios considered oral, dermal,
and inhalation exposures for adult women and children based on the
known habits and practices for each product type. Direct and indirect
exposures for each ingredient in each product type were then estimated
using deterministic exposure equations. Aggregate exposures (for ingredients present in multiple product types) were also examined. For most
ingredients, exposure was estimated on the order of hundreds of ng/
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kg/day to tens of ug/kg/day. These estimates of exposure will be used to
calculate margins of safety in the next project phase. There are opportunities for refinement of these estimates, including further investigation of
product ingredient concentrations and probabilistic approaches examining diversity in habits and practices.
30 Human Health Risk Assessment of Chloroxylenol in Liquid Hand
Soap and Dishwashing Soap Used by Consumers and Health-Care
Professionals
L. Yost, Ramboll ENVIRON / Health Sciences; J. Rodricks, D. Turnbull,
Ramboll ENVIRON; P. DeLeo, American Cleaning Inst; J. Nash, Proctor
and Gamble; A. Quinones-Rivera, GoJo Industries; P. Carlson, Ecolab Inc
A human safety assessment of chloroxylenol was conducted based on its
use by consumers and health-care workers in liquid hand and dishwashing soaps. The assessment was initiated in response to the U.S. Food and
Drug Administration’s (FDA’s) December 2013 Proposed Rule identifying data requirements for chloroxylenol and other Over-the-Counter
(OTC) consumer antiseptic ingredients to obtain “generally recognized
as safe and effective” (GRAS/GRAE) status (Fed. Reg. 2013, pp.
76444-76478). Toxicity data for chloroxylenol were summarized and
the lowest no observed effect levels (NOAELs) were identified. While
limitations exist in the toxicological database for chloroxylenol, substantial data indicate lack of genotoxicity, no evidence of carcinogenicity,
and low systemic toxicity. Data from Momma et al. (1988) and Noda
et al (1983), as well as Siglin et al. (1991), were used in this assessment
to develop NOAELs for chronic toxicity including carcinogenicity and
DART, respectively. Procedures described by Sanderson et al. (2006)
were applied to estimate exposure to chloroxylenol resulting from three
exposure pathways from use of two types of liquid products including
two pathways related to dishwashing products, and one related to antimicrobial hand soap. In each case, “high exposure” and “low exposure”
scenarios based on the expected use patterns and daily exposure levels,
are considered. Different age groups are considered where appropriate. Identified NOAELs were used together with exposure estimates to
derive margin of exposure (MOE) estimates for chloroxylenol resulting
from this use. Many aspects of these estimates were likely to overestimate exposure and risk (i.e., high assumed contact frequency, selection of
lowest available NOAELs addressing sensitive receptors and endpoints).
The resulting MOEs ranged from 165 to over 100,000,000. While there
are some limitations in the toxicological data for chloroxylenol, the finding that all MOEs were greater than 150 despite the use of many health
protective assumptions indicates negligibly small potential for harm
related to consumer or health-care worker exposure to chloroxylenol in
liquid soaps used in dishwashing and hand washing. Moreover, given
the large MOEs based on the current sizable toxicity data base, it seems
unlikely that additional studies would alter conclusions about safety.
31 Asthma Hazard Characterization and Exposure Assessment
Approaches for Evaluation of Consumer Product Ingredients
A. Maier, Univ of Cincinnati / Environmental Health; M. Vincent, Univ
of Cincinnati / Dept of Environmental Health; A. Parker, B. Gadagbui,
TERA; M. Jayjock, The LifeLine Group
Asthma is a complex syndrome with significant consequences for those
affected. The number of individuals affected is growing, although the
reasons for the increase are uncertain. Concerns have been raised regarding the potential for consumer products, including cleaning products,
to cause or exacerbate asthma or asthma-like responses. Current risk
assessment methods cannot adequately assess the potential for consumer
product ingredients to trigger asthma or asthma-like responses; epidemiological studies can only measure possible effects associated with a
multitude of chemicals and products, and no single animal model can
reliably replicate the complexity of an asthma-like response in humans.
To characterize asthma and respiratory related hazards associated with
consumer products, a decision system was developed that included
sequential data analysis techniques. A hazard characterization process
employing a weight of evidence basis for assessing the current human
effects literature was used to identify current gaps in our understanding
of asthma and relationships with cleaning product use. The resulting
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outputs also served as a key input for a hazard-based prioritization
approach that assessed likelihood of concern for asthma responses based
on irritation and sensitization data. High priority compounds could
then be staged for a more robust safety assessment. The safety assessment approach was tailored in several ways to the screening of asthma
risks from residential consumer product exposures. First, a quantitative health benchmark for asthma or related endpoints (irritation and
sensitization) is provided that extends qualitative hazard classification
methods. Second, a parallel structure is employed to include doseresponse methods for asthma endpoints and methods for scenario
specific exposure estimation. The two parallel tracks are integrated in a
risk characterization step. Third, a tiered assessment structure is provided
to accommodate different amounts of data for both the dose-response
assessment (i.e., use of existing benchmarks, hazard banding, or the
threshold of toxicological concern) and exposure estimation (i.e., use of
empirical data, model estimates, or exposure categories). A case study for
acetic acid as used in various sentinel products and residential cleaning
scenarios was developed to test the safety assessment methodology.
32 Consequences of Azo Dye Exposure on Clostridium perfringens:
Human and Environmental Risks
J. Morrison, G. John, Oklahoma State Univ / Microbiology and Molecular
Genetics
Azo dyes are ubiquitously used as artificial colorants and are often found
as environmental pollutants due to their excessive use in the dying
process. In the environment, microorganisms are known to produce an
enzyme (azoreductase), which can reductively cleave the dye, resulting in the production of carcinogenic metabolites. The same result can
occur within the human gastrointestinal tract, as humans consume large
amounts of products containing artificial food colorants. One microorganism that produces such an enzyme is Clostridium perfringens, an
anaerobic soil and gut bacterium which produces AzoC, an azoreductase.
The activity of AzoC has been studied, but the literature lacks information on the physiological effect of dye exposure on this bacterium,
the location of enzymatic activity and the resultant environmental and
human health consequences of such an exposure. Through the exposure of azo dyes of varying characteristics, we aimed to understand
the interaction between dyes and bacteria and the consequences of
such interaction. The reduction of some azo dyes was found to have a
detrimental effect on bacterial growth. In addition, azo dye exposure was
found to cause the non-traditional extracellular secretion of the AzoC
enzyme, resulting in an extracellular azo dye-azoreductase interaction. Additionally, a gene knockout for any azoreductase had not been
completed. The Sigma-Aldrich TargeTron Gene Knockout System was
successfully utilized for targeted specific gene disruption of the azoC
gene. Dye reduction studies using the ∆azoC knockout mutant, compared to the Wild Type C. perfringens showed significant differences in
the reduction of Direct Blue 15, an optimal substrate for AzoC, as well
as other azo dyes of varying chemical characteristics, suggesting successfully disruption of the azoC gene. The results of this study serve to
provide an important link between environmental azo dye exposure and
the physiological state of C. perfringens cells. This work represents the
first study of the physiological effects of azo dye exposure on a bacterium.

Advances in National-Level Data for Risk
Assessment of Pesticides to Federally Listed
Threatened and Endangered Species
33 Inclusion of multiple stressors in determinations of pesticide risk
to threatened and endangered species
C.A. Laetz, NOAA / Northwest Fisheries Science Center; D.H. Baldwin,
NOAA Fisheries / Northwest Fisheries Science Center; M. Panger, USEPA;
K. Myers, USFWS
The National Marine Fisheries Service, US Fish and Wildlife Service,
and US Environmental Protection Agency, with input from U.S. Dept

of Agriculture, are developing a framework for determining the effects
of USEPA registered pesticides on species listed under the Endangered
Species Act (ESA). This framework stems from recent National
Academy of Sciences recommendations, and includes consideration of
how multiple stressors, such as pesticide mixtures, elevated temperature,
and disease prevalence, may increase the risk of a particular pesticide
to exposed species and populations. Here we describe the process the
agencies used for including multiple stressors into determinations of
risk. Lines of evidence were developed for both pesticide mixtures (i.e.,
tank mixes, pesticide formulations, and environmental mixtures) and
other habitat stressors (e.g., elevated temperature, altered pH, disease).
Data from multiple sources were used to populate each line of evidence.
Chemical mixtures were assumed to result in additive toxicity unless
data were available to determine that synergism or antagonism were
more likely. These multiple stressor lines of evidence, along with lines
of evidence for direct and indirect single chemical effects, were important contributors to the final determinations (i.e., likely or not likely to
adversely affect a listed species). Multiple stressors will continue to be an
important component of our consultations as the agencies transition to
making population and species-level determinations of risk.
34 A refined risk assessment for Kirtland’s warbler potentially exposed
to flowable chlorpyrifos in the United States
D. Moore, S. Teed, Intrinsik Environmental Sciences Inc; C. Greer, Intrinsik
Environmental Sciences Inc. / Biology; N.N. Poletika, Dow AgroSciences
LLC / Field Exposure and Effects Dept
The registration of pesticides under the Federal Insecticide, Fungicide,
and Rodenticide Act (FIFRA) is considered a federal action under the
Endangered Species Act (ESA). Thus, the USEPA is required by the
ESA to review the federal action to ensure that it does not cause direct or
indirect effects to ESA-listed species or modification of their designated
critical habitat. USEPA has previously identified the Kirtland’s warbler
(Setophaga kirtlandii) as a listed species potentially exposed to an acetylcholinesterase-inhibiting insecticide. We therefore undertook refined
assessments to determine risk of chlorpyrifos to the Kirtland’s warbler
and the food species on which it depends. The Kirtland’s warbler nests
only in young jack pine stands. Until 1995, the species only nested in the
northern part of Michigan’s Lower Peninsula. Currently, they also nest
in the Upper Peninsula, and in Wisconsin and Canada. They migrate
from their nesting grounds to the southeastern coast of the United States
on their way to wintering grounds in scrub thickets in the Bahamas.
Because of their dependency on young jack pine stands, it is highly
unlikely that Kirtland’s warbler will forage in field crops treated with
granular or flowable chlorpyrifos. However, there is potential for spray
drift exposure from areas treated with flowable chlorpyrifos. We used
the Liquid Pesticide Avian Risk Assessment Model (LiquidPARAM)
with a new spray drift component to estimate the fate of warblers for
use patterns that spatially and temporally overlap with nesting habitat
and their migratory pathway. The model has a one hour time step, runs
for 60 days and estimates acute and chronic risk from single or multiple
applications of flowable chlorpyrifos. We also used a weight-of-evidence
approach and evaluated other independent lines of evidence (e.g., avian
incident reports and avian field studies). The results of the formal weightof-evidence assessment for the Kirtland’s warbler and its food species
potentially exposed to chlorpyrifos will be presented. Lessons learned
with regard to conducting refined endangered species assessments for
terrestrial wildlife species will also be discussed.
35 Assessment of risks of diazinon to the Kirtland’s warbler
K.V. Garber, Office of Pesticide Programs Environmental Fate and Effects
Division; N.H. Golden, US Fish & Wildlife Service / Ecological Services
This presentation will focus on a case study that is part of the development of a new interim methodology for assessing the risks of pesticides
to endangered and threatened species. This method involves three steps
that vary in scope and complexity. Step 1 determines whether there is
potential overlap between exposure (including use sites and offsite transport) and species ranges. If overlap occurs, Step 2 determines whether
there is potential for adverse effects to the fitness of a single individual of
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a listed species. If there is risk to an individual, Step 3 assesses the risks
of the pesticide to the entire population of the affected listed species.
This case study focuses on potential risks of the organophosphate insecticide diazinon to the endangered Kirtland’s warbler (Setophaga kirtlandii).
This bird breeds in pine forests in Michigan and Wisconsin and migrates
through the eastern states when traveling to and from its wintering
grounds in the Bahamas. The Step 1 analysis indicates that there is
overlap of potential diazinon use sites and areas represented by breeding grounds and migratory stop over sites. The Step 2 analysis integrates
available toxicity and exposure information at the field level. While
foraging for insects or fruit, individuals may be exposed to diazinon
through the diet or other routes of exposure (e.g., dermal, inhalation) on
treated fields or areas receiving spray drift. Diazinon is highly toxic to
birds, with a large dataset available that includes several test species. The
extent of overlap of exposure and toxicity data indicates a potential for
mortality or sublethal effects to one or more individuals. Therefore, the
conclusion of the Step 2 analysis is that diazinon is “likely to adversely
affect” the Kirtland’s warbler. Given this result, it is necessary to perform
a Step 3 analysis to determine whether diazinon will jeopardize the
continued existence of the species. This presentation will discuss the
transition from the individual-level (Step 2) to the population-level (Step
3) risk assessment. This discussion will involve consideration of how to
shift the scale from field-level to landscape level exposures and from
effects to the individual to the entire species.
36 Endangered species assessment for the shortnose sturgeon:
Lessons learned for a national assessment process
M.F. Winchell, Stone Environmental, Inc. / Environmental Systems
Modeling; J.M. Giddings, Compliance Services International; L. Padilla,
Stone Environmental, Inc.; A.R. Frank, B.D. McGaughey, Compliance
Services International
Shortnose sturgeon (Acipenser brevirostrum) is listed as an endangered
species by the National Marine Fisheries Service and has recently been
used to illustrate species-specific endangered species assessment for
pesticides by the US Environmental Protection Agency. The shortnose
sturgeon occurs in deep rivers, estuaries, and coastal areas along the
US east coast from Maine to Florida. Breeding takes place in flooded
hardwood swamps in the south and rubble boulder substrate in the
north. We conducted an assessment for the shortnose sturgeon and the
organophosphate insecticide, chlorpyrifos, applying a tiered process
similar to a national-level assessment approach. The assessment began
with a Screening Level Ecological Risk Assessment (SLERA) in which
effects metrics for A. brevirostrum were compared with aquatic exposure
estimates for chlorpyrifos-relevant crop scenarios. None of the species
for which toxicity data are available are taxonomically related to the
shortnose sturgeon, so the most sensitive tested fish species was used
as a surrogate in the SLERA. Where exposure concentrations did not
exceed the effects metrics, the shortnose sturgeon was considered not to
be at risk. For scenarios in which the SLERA indicated that exposure
concentrations may exceed the effects metrics, analysis was conducted
of the co-occurrence of the species with areas where chlorpyrifos might
be used or might be transported by spray drift or hydrologic flow. The
spatial footprints of crop groups that are included on chlorpyrifos labels
were identified, and areas of potential off-target drift and downstream
transport were added; the results were used to define the Action Areas
for those crop groups. Where an Action Area overlapped the range of
shortnose sturgeon, possible co-occurrence was indicated and further
investigation was conducted. Additional information was compiled on
species locations, life history, diet, and existing protections applicable
to the shortnose sturgeon. For species locations that co-occur with the
Action Area, and where further activities were necessary to complete
a May Affect analysis, they focused on refining the exposure modeling to address specific locations of co-occurrence and better estimates
of site-specific risk. This presentation will summarize the findings for
the shortnose sturgeon, and discuss the implications of this example
for improving the efficiency of national-level endangered species
assessments.
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37 National-level endangered species assessment for chlorpyrifos:
Aquatic species
J.M. Giddings, Compliance Services International; M.F. Winchell, Stone
Environmental, Inc. / Environmental Systems Modeling; A.R. Frank,
B.D. McGaughey, Compliance Services International; N.N. Poletika, Dow
AgroSciences LLC / Field Exposure and Effects Dept
A national-level risk assessment was conducted for threatened and
endangered (listed) aquatic species potentially exposed to the organophosphate (OP) insecticide chlorpyrifos. The assessment proceeded in
3 steps. Step 1 included a Screening-Level Ecological Risk Assessment
(SLERA, a standard comparison of toxic effects metrics with conservative exposure estimates), a spatial analysis of the co-occurrence of areas
of potential exposure to chlorpyrifos (the Action Area) with locations
of listed species, and an examination of other lines of evidence (e.g.,
biological characteristics, site-specific landscape features, and existing protections) relevant to potential direct or indirect effects on listed
species. This analysis provided evidence that a large number of listed
aquatic species, including most mollusks, are not at risk because (a) they
are insensitive to chlorpyrifos, (b) they do not co-occur with the Action
Area, or (c) other lines of evidence indicate that exposure does not occur.
Other species were investigated in more detail in Step 2. Step 2 focused
on refinement of the aquatic exposure assessment, since the exposure
modeling used in the SLERA and co-occurrence analysis was based on
standard scenarios and conservative assumptions. The first phase of the
refined exposure assessment included adapting the default water body
parameters to more accurately represent the actual habitats of particular
listed species, still in the framework of a deterministic model. The second
phase of the refined exposure assessment was a probabilistic approach
to capturing the variability of application date, weather, soils and slope,
percent cropped area, use site proximity to receiving water, and water
body characteristics. National spatial datasets make this type of analysis
practical at a high level of resolution. The refined deterministic and
probabilistic exposure modeling provide evidence that some listed species, in addition to those identified in Step 1, are not at risk. Step 3 will
employ population models to better predict long-term risk to species that
are still of potential concern after Steps 1 and 2. The data and results of
the assessment will be provided to the USEPA for use in their review of
the risk of chlorpyrifos to listed aquatic species.
38 National Endangered Species Assessment for Chlorpyrifos:
Refined Terrestrial Ecological Risk Assessment
R. Teed, D. Moore, Intrinsik Environmental Sciences, Inc; C. Greer,
Intrinsik Environmental Sciences (US), Inc. / Biology; N.N. Poletika, Dow
AgroSciences LLC / Field Exposure and Effects Dept
A national endangered species assessment is currently underway for
chlorpyrifos, an organophosphate pesticide, and one of the three
case study organophosphate pesticides (e.g., chlorpyrifos, malathion,
diazinon) being evaluated by the US Environmental Protection Agency
(USEPA) and the US Fish and Wildlife Service (USFWS). A conservative screening-level risk assessment (SLERA) was previously conducted
to determine which threatened and endangered terrestrial species and
their critical habitats could potentially be at risk from exposure to
chlorpyrifos. Spatial data were also applied to evaluate co-occurrence
and proximity to chlorpyrifos use patterns. The SLERA used highly
conservative assumptions to generate risk estimates. A more refined
ERA has been undertaken using more realistic assumptions based on the
best available data to characterize exposure, potential effects, and risk to
the identified listed species. As recommended in the National Academy
of Sciences Panel Report (NAS), methods applied included probabilistic
analyses. We conduct these analyses for entire receptor groups, focal species as surrogates, and where appropriate specific listed species. Selected
data sources and input parameters will be discussed and sources of uncertainty identified. A weight-of-evidence assessment will be described and
multiple lines of evidence evaluated to provide support and context to the
risk conclusions.
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39 Reducing pesticide exposure to threatened and endangered species
S.A. Hecht, NOAA / National Marine Fisheries Service; R.A. Marovich,
California Dept of Pesticide Regulation; K. Paul, US Fish and Wildlife
Service; C. Peck, USEPA
The National Marine Fisheries Service, Fish and Wildlife Service, and
Environmental Protection Agency, with input from the US Dept of
Agriculture, have expended significant efforts over the past two years to
develop a framework for analyzing potential effects of national pesticide registrations on species listed under the Endangered Species Act
(ESA). The next step will include implementing the framework for ESA
consultations in the development of biological evaluations and biological
opinions. For species and habitats that are found to be at risk, the agencies will explore practices that meaningfully reduce pesticide exposures.
As risk is a function of exposure and response (effects), a key target of
risk reduction is minimizing the amount of pesticides entering species
habitats (i.e., reducing exposure). Pesticide labels authorize legal use
by generally dictating where, when, how, and how much of a pesticide
product may be applied. These parameters, along with conservation
practices, will be discussed in the context of documenting reductions in
pesticide loading and developing label requirements. One such conservation practice that holds promise for aquatic habitats is establishment of
riparian areas. Examples from local, state, and federal projects will be
presented to stimulate dialogue on practices that are simple, efficacious,
validated, and cost-effective for use in regulatory settings. New partnerships among regulatory agencies and end users are needed to implement
practices toward an emerging goal of de minimus pesticide exposures to
threatened and endangered species.
40 Targeted Monitoring to Evaluate the Effectiveness of Streamside
Vegetation in Reducing Pesticide Loading to Surface Water
G. Tuttle, K. McLain, M. Bischof, J. Hancock, Washington State Dept of
Agriculture / Natural Resources Assessment Section
The National Marine Fisheries Service January 2015 Biological Opinion
on the registration of diflubenzuron, fenbutatin oxide, and propargite
discussed opportunities for agricultural producers to receive reduced
no-spray buffers where vegetative filter strips or riparian areas are in
place to reduce pesticide loading to surface water. In addition, recent
National Academy of Science recommendations to evaluate pesticide
impacts on endangered species emphasized the importance of targeted
monitoring data for evaluating risk. As a result, in 2014 Washington
State Dept of Agriculture (WSDA) staff worked collaboratively with
National Marine Fisheries Service staff to develop a targeted monitoring
study to provide scientific support for mitigation strategies and offer an
alternative to large no-spray buffers. In 2015 WSDA conducted an edge
of field monitoring study to characterize the ability of riparian vegetation
to reduce loading of agricultural pesticides to surface water following
aerial applications of malathion on blueberries in Whatcom County,
WA. WSDA compared sites adjacent to waterbodies with no dense
woody vegetation to sites with established riparian zones 6-10 meters
wide and monitored ten individual application events at several different locations. Staff assessed pesticide movement through riparian zones
using depositional samplers at locations along the edge of the field, the
edge of the riparian vegetation closest to the field, and the center of the
stream (just above the surface of the water). Depositional samplers were
collected two hours after completion of pesticide applications. In addition, WSDA staff monitored pesticide loading to the waterbody during
each application event using a series of four composite water samples
collected over the 96 minutes following the beginning of the application,
at locations upstream and downstream of the treatment area. Field data
regarding vegetation characteristics, pesticide application methodology,
and weather conditions were also collected at all application events.

Wildlife Ecotoxicology: Molecular to
Community Effects
41 Proportions of parasites, malformations and tumors in birds are
hither in sites exposed to metal pollution at semiarid shrublands of
central Mexico
L. Chapa, Instituto Potosino de Investigacion Cientifica y Tecnologica
(IPICYT) / Division of Environmental Sciences; K. Monzalvo, Univ
Autonoma de San Luis Potosí / Facultad de Ciencias Quimicas
Mining, a widespread economic activity throughout Central Mexico,
has historically generated secondary products, mainly heavy metals
that are dumped into the environment. These contaminants could alter
organismal health by depressing the immune system which in turn may
increase vulnerability to diseases and parasites. DNA damage could also
occur, which could cause deleterious effects on the organisms. Although
high levels of metals have been recorded in tissues from birds inhabiting
areas exposed to mining activities, no assessments are available about
the effects that exposure to these metals have on native bird communities. The lack of this type of assessment is in part due to the fact that
vast amounts of data are required to generate information at this level
of organization. For over ten years, we have trapped native birds at sites
that are polluted (n=10 sites) and unpolluted (n=7sites) using mist nets.
Overall we have 2490 captures from over 100 bird species, including 997
captures from unpolluted sites and 1493 captures from sites containing high levels of at least one metal (Az, Pb, Cr, Hg, among others).
We aimed at comparing proportions of incidence of ectoparasites and
subcutaneous parasites, malformations, tumors, and death from capture
stress between polluted and unpolluted sites. Our results suggested that
the bird community at polluted sites have higher proportions of individuals with ectoparasites and subcutaneous parasites (P=0.006), and the
proportion of individuals with malformations and tumors combined with
those with parasites is also higher at polluted sites (P=0.006). No differences were recorded in proportions of individuals dying from the stress
related to the capture (P=0.11). Overall, our results indicate that pollution may indeed affect health at the community level. Future studies
should aim at increasing sample sizes in order to investigate individual
species responses to pollution, and the mechanisms through which
health damage is generated should be elucidated. Responses to individual
pollutants should also be assessed.
42 Fluoride pollution and marsupials: Pathology, spatial epidemiology and bioindicators
C. Death, J. Hufschmid, The Univ of Melbourne / Faculty of Veterinary
Science; G. Coulson, The Univ of Melbourne / School of Biosciences; U.
Kierdorf, Univ of Hildesheim / Dept of Biology; W. Morris, The Univ of
Melbourne / School of Biosciences
Airborne industrial fluoride emissions can cause disease in herbivorous
mammals that inhabit contaminated regions. Fluoride has an affinity for,
and accumulates in, the mineralized tissues and the resulting pathological changes therefore affect the dental and skeletal systems. We explored
the epidemiology and comparative pathology of fluorosis in Australian
marsupials resident near an aluminium smelter in Victoria. Necropsies
and fluoride analysis in the six species (Macropus giganteus, Macropus
rufogriseus, Wallabia bicolor, Phascolarctos cinereus, Trichosurus vulpecula,
Pseudocheirus peregrinus) revealed significantly higher bone fluoride levels
in the high compared to the low fluoride areas, with dental and skeletal
lesions seen in all species. The severity of lesions was positively associated with increasing bone fluoride levels, and lesion type, severity and
distribution varied with species and biomechanical differences in gait
and mastication. Increasing age and levels of bone fluoride correlated
with abnormal tooth wear and development of potentially painful skeletal lesions, and we developed predictive capabilities via spatial modeling
of dietary fluoride exposure within the home ranges of resident M.
giganteus, and through validation of potential bioindicator samples. The
ability to define and predict the relationship between fluoride exposure
and resulting disease in marsupials, on both temporal and spatial scales,
informs management of at risk populations.
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43 Spatial and temporal mercury trends in seabird eggs from Pacific
Canada 1968-2012 are due to diet: Evidence from sulfur isotopes
J.E. Elliott, Environment Canada / Science Technology Branch; K. Elliott,
McGill Univ
Mercury is a ubiquitous contaminant that can be toxic to wildlife.
Seabird eggs are often used to monitor mercury levels in the environment
because they are relatively easy to collect and yet integrate a signal from
the entire food web. Spatial and temporal trends in mercury in seabird
eggs, however, may represent variation in mercury abundance or in
seabird diet. We measured mercury level in six seabird species in Pacific
Canada from 1968-2012. In contrast to expectation, the species feeding
at the lowest trophic level, Leach’s storm-petrel, had the highest mercury
burden, while the species feeding at the highest trophic level, great blue
heron, had the lowest mercury burden. Rather than being associated
with trophic level, as assessed by δ15N, mercury levels across species
were closely associated with sulfur isotopes δ34S. This association was
clearest for pelagic cormorants, the only species showing a significant
temporal mercury trend and where both mercury and δ34S increased
over time. The strong associations suggest that variation in mercury
within and among bird species is associated with methylmercury binding to sulfur at the base of the food web. Variation in mercury levels in
seabirds across space and time were associated with diet, specifically the
origin of sulfur in the diet.
44 Impacts of run-of-river hydropower on food web structure and
mercury bioaccumulation in American dippers of coastal British
Columbia
V. Norbury, Univ of Saskatchewan / Biology; C.A. Bishop, Environment
Canada; T. Jardine, Univ of Saskatchewan / School of Environment and
Sustainability; J.E. Elliott, Environment Canada / Science Technology
Branch; C.A. Morrissey, Univ of Saskatchewan / Biology
Run-of-river (RoR) dams are an increasingly common alternate energy
source on mountain streams. Despite reductions in dam size and
greenhouse gas emissions compared to conventional impoundments,
RoR hydro may have ecotoxicological impacts through disruption of
the natural flow regime. The American Dipper (Cinclus mexicanus) is a
high trophic level river bird that occupies mountain streams suitable for
RoR dams year-round and they are known indicators of stream health;
thus, they are an ideal species to study potential impacts of run-of-river
hydropower. The objectives of this study are to 1) characterize the food
web upstream and downstream of regulated and unregulated streams
using stable isotopes (δ13C, δ15N, δ34S); 2) evaluate the methylmercury biomagnification potential upstream and downstream of regulated
streams and compare dipper methylmercury levels between regulated
and unregulated streams; and 3) determine if in-stream and riparian
habitat features important for river birds are altered by run-of-river dams.
Food webs were sampled at regulated and unregulated streams using a
paired design a) upstream and downstream of 6 regulated and 6 unregulated streams and b) between regulated (n = 6) and unregulated (n= 6)
streams. Surveys have found dippers congregating immediately upstream
and downstream of several RoR dams in coastal BC, particularly during
autumn. This has led to the hypothesis that reduced flow associated with
these small dams creates a novel habitat in which dippers may forage
more efficiently. Analyses of the dipper blood and invertebrate samples
from 12 streams has revealed isotopic changes on regulated streams,
specifically 34S-depleted dipper blood, indicating microbial activity
associated with the headponds. We are assessing whether this modified
habitat reflects higher levels of methylmercury than upstream of the dam
or nearby unregulated streams. This study is an opportunity to examine
the effects of reduced and stabilized flow on lotic food webs and improve
our understanding of methylmercury biomagnification in mountain
streams.
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45 Can ingestion of lead shot and poisons change population trends of
three European upland birds: grey partridge, common buzzard, and
red kite?
C.B. Meyer; J.S. Meyer, ARCADIS; A.B. Francisco, Arcadis U.S., Inc.; J.
Holder, ERM; F. Verdonck, ARCHE
Little is known about the magnitude of the effect of lead shot ingestion
alone or combined with poisons (in bait or seeds/granules with pesticides) on population size, growth, and extinction rate of upland avian
species susceptible to ingestion of these substances. We used population models to quantify change in these parameters on three susceptible
upland species selected because they are common throughout Europe:
grey partridge (Perdix perdix), common buzzard (Buteo buteo), and red
kite (Milvus milvus). We added or subtracted empirical estimates of
mortality from ingestion of lead shot (4-16% of mortality, depending
on species) and poisons (4-46% of mortality) to observed mortality of
studied populations, after models were calibrated to observed population
trends. Those trends were decreasing for partridge, stable for buzzard,
and increasing for red kite. Lead shot ingestion and poison at modeled
levels did not change the trend direction nor increase extinction probability for the three species. However, they can reduce population sizes
and slow population growth. Lead shot ingestion was predicted to reduce
equilibrium population size of partridges by 10%, and when combined
with bait and pesticide poisons, by 18%. For buzzards, predicted decrease
in mean population size by both lead shot and poisons combined was
much smaller, at < 1%. The red kite population is recovering from low
numbers, and lead shot ingestion was predicted to reduce annual growth
rate from 6.5% to 4%, thus slowing recovery. However, if mortality from
poisoned baits could be removed, the kite population might increase at a
rapid annual rate of 12%. The effects are somewhat higher if ingestion of
these substances additionally cause sublethal reproductive impairment.
Results suggest that declining or recovering bird populations are most
sensitive to lead shot or poison ingestion, and removal of poisoned baits
can have the largest positive impact on recovering raptor populations that
frequently feed on carrion.
46 Sub-lethal effects of neonicotinoid pesticides on wood frogs
(Lithobates sylvaticus) – Mesocosm Exposures
S. Robinson, Environment Canada / National Wildlife Research Centre;
S. Lee-Jenkins, S. Richardson, Environment Canada; V.L. Trudeau, Univ
of Ottawa / Advanced Research in Environmental Genomics; B. Pauli,
Environment Canada / National Wildlife Research Centre
Neonicotinoids are being prophylactically used on a variety of crops.
There is a growing concern for the potential impacts of neonicotinoids
on aquatic ecosystems because most of the neonicotinoid treatment is not
taken up by the target plant, rather it persists in the environment, leaches
into soil and enters surface waters through run-off events. Amphibians
such as frogs are susceptible to potential toxic effects of neonicotinoids
because they use agriculture-associated aquatic ecosystems for reproduction, development and growth and therefore, are chronically exposed
during sensitive periods. In fact, the intensive use of pesticides on crops
has been identified as a contributor to aquatic ecosystem degradation
and population declines of amphibians. The duality of the life cycle of
amphibian species and sensitivity to environmental stressors make them
ideal indicators to monitor the effects of neonicotinoids on non-target
organisms. The objective of our project was to characterize the sub-lethal
effect(s) of exposure to ecologically-relevant levels of two neonicotinoid
pesticides on wood frogs (Lithobates sylvaticus) during their aquatic
life-cycle stage using outdoor mesocosms (replicating semi-natural
conditions). We exposed tadpoles to solutions of two commercial neonicotinoid formulations, with the active ingredients, imidacloprid and
thiamethoxam and assessed survival, growth, behavior and leukocyte
counts. There was a significant effect of treatment on mean survival at
metamorphosis (F6,36 = 4.47, p = 0.003) where the 10 and 100 ppb
imidacloprid treatment groups had greater survival compared to 1 ppb
imidacloprid and 1 and 10 ppb thiamethoxam treatment groups (posthoc Tukey test, p < 0.05). There was no significant effect of treatment
on body size (or mass) or development time after controlling for mean
survival (p > 0.05). Up to three weeks after exposure to neonicotinoids
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there was some evidence that the anti-predator response behavior was
affected in juvenile wood frogs. Overall, sub-lethal effects were detected
in wood frogs after chronic exposure to environmentally-relevant surface
water concentrations of imidacloprid and thiamethoxam.

assays represent a means to generate toxicologically-relevant data efficiently and help prioritize the allocation of resources towards compounds
presenting the greatest potential risk to wild avian species.

47 Embryonic development and hatching success in American
Kestrels exposed to the brominated flame retardant, TBBPA-BDBPE
P.F. Henry, USGS / Beltsville Lab; N.K. Karouna-Renier, USGS Patuxent
Wildlife Research Center / Beltsville Lab; K.J. Fernie, R.J. Letcher,
Environment Canada / Ecotoxicology and Wildlife Health; B.A. Rattner,
C.M. Maddox, USGS Patuxent Wildlife Research Center / Beltsville Lab;
S. Schultz, USGS Patuxent Wildlife Research Center; D. Sprague, USGS
Patuxent Wildlife Research Center / Beltsville Lab
Tetrabromophenol-A-bis[2,3-dibromopropyl ether] (TBBPA-BDBPE;
CAS 21850-44-2) is an additive brominated flame retardant used in the
manufacturing of industrial plastics and in electronics as an alternative to the polybrominated diphenyl ethers (decaBDE). Despite its high
molecular weight, low vapor pressure, and water solubility, TBBPABDBPE exhibits long range transport, readily adsorbing to soil- and dust
particles. Detectable levels of residues have been reported in residential
homes, electronic recycling plants, as well as in remote areas of the
Arctic. TBBPA-BDBPE has also been detected in avian eggs collected
from multiple locations across North America, Europe, and Asia. With
such an extensive and non-selective distribution, TBBPA-BDBPE is of
growing concern as a potential environmental contaminant. However,
only limited wildlife toxicity data are currently available. Here, we
utilize avian egg injections to evaluate the effects of TBBPA-BDBPE
on American kestrels (Falco sparverius) during embryonic development.
Fertile eggs obtained from the kestrel breeding colony at Patuxent
Wildlife Research Center were injected on day 5 of incubation with
safflower oil or TBBPA-BDBPE in oil at 10, 50, and 100 mg/g egg,
and artificially incubated to hatch. Data were collected on pipping
and hatching success, somatic indices, as well as plasma and glandular
thyroid hormone content. Time-to-hatch was similar for all groups.
Percent survival-to-pip was high, ranging from 82 to 97%. Relative to
the controls, no significant differences in somatic indices were found for
males or female treatment groups. Among kestrels that did not hatch,
we observed a higher percentage of malpositioning in treated groups.
Animal handling and protocols were approved by the USGS PWRC
Animal Care and Use Committee.

Fate and Effects of Metals: BLM and
Mechanisms of Metals Toxicity

48 Hepatic transcriptomic profiling of double-crested cormorants
collected from variably contaminated breeding colonies of the Great
Lakes
D.E. Crump, S. Jones, S. Chiu, K. Williams, Environment Canada
Double-crested cormorants (DCCO; Phalacrocorax auritus) are piscivorous birds that breed extensively across North America permitting their
use as wildlife sentinels of aquatic ecosystem health from areas including
the Great Lakes and marine/coastal environments. DCCO eggs were
collected from six Great Lakes breeding colonies known to have variable
burdens of organohalogen contaminants and artificially incubated in
the lab until pipping. Hepatic transcriptomic profiles of nine individual,
late-stage embryos from each breeding colony were assessed using a custom-designed DCCO ToxChip polymerase chain reaction (PCR) array.
The PCR array is used to simultaneously measure the mRNA expression levels of 27 genes associated with toxicologically-relevant pathways
including, xenobiotic metabolism, the thyroid hormone pathway, oxidative stress, apoptosis, lipid homeostasis, and immune function. Heat-map
clustering of mRNA expression data permitted the spatial organization
of DCCO colonies with regards to modulation of toxicologicallyrelevant pathways and elucidated which breeding colonies demonstrated
augmented transcriptional changes. The application of transcriptomics to
a wild avian species, naturally exposed to a complex mixture of chemicals and other stressors, represents a means to detect subtle perturbations
that ultimately could be linked to adverse outcomes at the individual
level. In addition, an ex vivo embryonic liver slice culture method and an
embryonic hepatocyte method were developed for DCCOs to determine
the effects of individual chemicals on hepatic transcriptomic profiles.
Such targeted, high-throughput, and mechanistically-based screening

49 Development of BLM-based Ambient Water Quality Criteria for
Nickel following USEPA Guidelines
D.K. DeForest, A.C. Ryan, K.E. Croteau, R.C. Santore, Windward
Environmental, LLC
The United States Environmental Protection Agency’s (USEPA’s) current ambient water quality criteria for nickel in freshwater are adjusted
for hardness. The criteria were initially developed in 1986 and then
underwent a minor update in 1995. In the last 20 years, there have been
two primary advancements in the assessment of nickel toxicity to aquatic
organisms. First, the chronic toxicity databases for freshwater organisms have expanded substantially, thereby allowing for consideration of
a proposed chronic criterion that no longer relies on the use of an acutechronic ratio (ACR). Second, the influence of water chemistry on nickel
bioavailability has been evaluated in several studies with multiple species,
which coincides with the development and validation of a biotic ligand
model (BLM) for nickel. Using the nickel BLM, acute and chronic species sensitivity distributions (SSDs) based on the geometric mean critical
accumulation concentrations for each species and exposure type were
constructed and the 5th percentiles of these SSDs were derived following
the statistical approach described in the USEPA guidelines. Application
of these 5th percentile acute and chronic critical accumulation concentrations allow for the estimation of the 5th percentile dissolved nickel
concentrations for a broad range of water chemistries (analogous to
the USEPA’s final acute and chronic values). A comparative evaluation
of BLM-based 5th percentiles and current hardness-based criteria for
nickel will be provided.
50 A review of the bioavailability and toxicity of nickel to aquatic
organisms in acute and chronic exposures
R.C. Santore, A.C. Ryan, K.E. Croteau, D.K. DeForest, Windward
Environmental LLC
A review of toxicity literature was conducted to assemble information
about water quality factors that affect Ni bioavailability to a wide range
of organisms in acute and chronic exposures. From this review, it is clear
that the toxicity of nickel to aquatic organisms can be altered by chemical
factors such as dissolved organic carbon (DOC), calcium, magnesium,
and pH. These changes in toxicity can be attributed to interactions that
affect the chemical speciation of nickel and the interaction between
nickel and uptake sites on the organism (called biotic ligand sites). For
example, the presence of DOC can reduce the chemical activity of
dissolved nickel, thereby reducing the interaction with and effects on
aquatic biota. These bioavailability factors can be explained and predicted
using the biotic ligand model (BLM). The BLM for nickel incorporates
factors that affect chemical speciation (such as DOC) and factors that
affect interaction with biotic ligand sites (such as calcium) into an overall
predictive framework that can be used to assess how nickel toxicity
may change due to local environmental factors. The BLM framework
can be useful for developing risk assessment and regulatory approaches
that consider bioavailability factors, thereby reducing the need for other
site-specific information (for example, site-specific toxicity testing such
as Water Effect Ratios). A similar approach based on the BLM was used
in the USEPA update to the copper criteria in 2007. In this presentation,
the sensitivity of a wide range of organisms to the acute and chronic toxicity of nickel will be reviewed, and the suitability of the available data
for establishing acute and chronic species sensitivity distributions will be
discussed. Datasets for fish and invertebrates which identify the major
bioavailability factors will also be reviewed, and the consistency of these
factors in acute and chronic exposures will be compared with responses
predicted by the BLM.
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51 Development of a marine biotic ligand model for nickel: Effect of
dissolved organic carbon on Ni toxicity to early life stages in marine
invertebrates
T. Blewett, Dept of Chemistry, Faculty of Science; C.M. Wood, Univ of
British Columbia / Dept of Zoology; J. McGeer, Wilfrid Laurier Univ / Dept
of Biology; S.D. Smith, Wilfrid Laurier Univ / Dept of Chemistry
In natural waters nickel (Ni) is a metal toxicant of growing concern.
Early life-stages are considered to be the most sensitive to metal
toxicants and are therefore of great relevance for environmental risk
assessment. Acute (48 h) toxicity tests were conducted exposing embryos
of blue mussels and purple sea urchin to Ni, examining effects on development, and examined the protective effects of dissolved organic carbon
(DOC). DOC is proposed to bind metals such as Ni, thus reduce free Ni
ion, the form considered toxic to aquatic biota. These data showed that
different DOC sources had different protective effects against embryolarval toxicity in the tested species. These protective effects related to
both the concentration of DOC and its molecular composition - DOC
was characterized using fluorescence spectroscopy. These data suggest
that accounting for DOC composition will be an important factor to
consider in the development of predictive models of Ni toxicity in marine
waters, such as the biotic ligand model (NSERC CRD grant IZA,
ILZRO, NiPERA, ICA, CDA, Teck Resources and Vale).
52 Physiological Responses of Coral Reef Organisms to Ocean
Acidification and Copper Exposure
G.K. Bielmyer, Valdosta State Univ / Dept of Biology; S. Siddiqui, Valdosta
State Univ / Biology; P.P. Patel, Valdosta State Univ; T. Capo, Univ of
Miami RSMAS; M. Grosell, Univ of Miami / Dept of Marine Biology and
Ecology
Ocean acidification and land-based sources of pollution have both been
linked to widespread declines of coral cover in coastal reef ecosystems
over the last three decades. At the current rate of change, atmospheric
CO2 levels are predicted to increase to 1000 ppm by the end of this century. Though much attention has been focused on ocean acidification and
to some extent metal pollution, very little if any research has addressed
combined exposure of both pollutants to coral reef organisms. Corals,
Acropora cervicornis and Pocillopora damicornis, were exposed to a control
or 100 µg/L copper (Cu) at two CO2 levels (ambient and 1000 ppm)
for 96 h. Cu accumulation in the coral and zooxanthellae (dinoflagellate algae symbiont) as well as activities of the enzymes catalase, CAT;
glutathione peroxidase, GPx, glutathione reductase, GR; and carbonic
anhydrase, CA were measured. In similar experiments, Cu accumulation
and physiological effects were measured in the sea anemone, Exaiptasia
pallida after exposure to 10, 50 and 100 µg/L Cu at two CO2 levels over
7 days. Cu accumulation was minimal in corals and significant increases
were only observed in A. cervicornis zooxanthellae. Alternatively, Cu
accumulated in E. pallida in a concentration-dependent manner with
significant Cu accumulation observed after exposure to as low as 10
µg/L. Anemones exposed to 1000 ppm CO2 had higher tissue Cu concentrations than those exposed to ambient CO2 at the same Cu exposure
concentration. Anti-oxidant enzyme activities in both coral species were
affected; however, A. cervicornis was more sensitive than P. damicornis,
and zooxanthellae were more affected than the animal fractions of the
coral holobionts. In general, activities of all anti-oxidant enzymes measured increased, with increasing Cu exposure in corals and anemones.
Organisms exposed to Cuin combination with higher CO2 generally
had higher anti-oxidant enzyme activities than those exposed to the
same concentration of Cu and lower CO2. However, clear differences in
only GR activity, and to some degree GPx activity, were observed due
to increasing CO2 exposure alone. In corals, CA activity increased with
increasing CO2. In anemones, CA activity was significantly decreased
with increasing Cu exposure and the extent of CA inhibition was lessened with increasing CO2 concentration. These results provide insight
into mechanisms of both Cu and CO2 toxicity to coral reef organisms
and have environmental implications.
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53 Site specific toxicity of rare earth elements in the aquatic
environment
J. McGeer, Wilfrid Laurier Univ / Dept of Biology; C. Lu, O. Vukov, A.
Verdin, Wilfrid Laurier Univ; S.D. Smith, Wilfrid Laurier Univ / Dept of
Chemistry
The toxicological understanding of rare earth elements (REEs) in the
aquatic environment is very limited but there is increasing concern as
the use of these elements continues to grow. There are no water quality
guidelines or criteria for REEs. The overall objective of this research is to
contribute towards the understanding of the potential impacts of REEs
in aquatic environments. In this particular project the toxicity modifying influences of cationic competition (Ca, Mg and Na) and dissolved
organic matter (DOM) on the toxicity of Ce, Sm and Dy to Hyalella
azteca and Daphnia pulex was assessed with the goal of developing
toxicity prediction models. Standard methods (Environment Canada)
were used for culture and testing which was done in intermediate hardness waters (60 mg/L CaCO3, pH 7.4, Ca 0.5 mM, Mg 0.15 mM and
21-23C). Acute and chronic toxicity responses were assessed for the
effects of Ca, Mg, Na, pH and DOM. All elements showed reduced
toxicity when DOM content and when Ca concentration were increased.
Dy toxicity was reduced at lower pH. Equilibration of test solutions
appeared to be incomplete after 24 h of equilibration and precipitation was an issue during tests. This resulted in differences in endpoints
whether calculated based on total or dissolved concentrations. The applicability of geochemical equilibrium modeling approaches to understand
site specific toxicity modifying factors is developed in the context of the
BLM. This research is funded by NSERC through a Strategic grant in
partnership with Environment Canada and with the participation of
Avalon Rare Metals Inc.
54 Using saturation kinetics-based models to predict Hyalella azteca
mortality in chronic zinc exposures
L.M. Wilkinson, Univ of Waterloo / Dept of Biology; W. Norwood,
Environment Canada / Aquatic Contaminants Research Division; D.
Dixon, Univ of Waterloo
Mechanistic models that use saturation kinetics have been developed
over the past few decades with the goal of being able to predict site-specific metal toxicity in aquatic systems. The dominant model is currently
Biotic Ligand Model (BLM), where water quality parameters and binding constants of metals to biotic ligands can be used to predict toxicity;
however, tissue concentration-based approaches also exist, including the
saturation-based mortality model. Saturation-based mortality models
can also use water concentrations to predict a lethal concentration. To
test these models, experiments were conducted in different water chemistry (pH, alkalinity, and dissolved organic carbon) to determine effects
of zinc chloride (ZnCl2) on mortality, growth, and bioaccumulation
in chronic (28-day) exposures using the epibenthic amphipod Hyalella
azteca as the test organism. These tests were conducted in moderately
soft water. In previous studies by this group, H. azteca were exposed to
Zn in moderately hard water under fixed water chemistry conditions.
With changing water chemistry, it was found that higher concentrations
of dissolved organic carbon, increased alkalinity, and increased hardness caused decreased mortality, which is what is predicted by BLMs.
Objectives of this work are: (1) To determine whether exposure water
chemistry impacts the concentration in tissue causing lethality, (2) To
modify saturation-based mortality models to reflect site-specific water
chemistry, if necessary, and (3) To compare the predictions of BLM and
saturation-based mortality models.
55 Can metals bound to assimilable ligands be taken up by
phytoplankton?
F. Liu, C. Fortin, P. Campbell, Université du Québec / INRS Centre Eau
Terre Environnement
Numerous laboratory studies using synthetic non-metabolizable ligands
such as NTA and EDTA have demonstrated that free/inorganic metal
species are ultimately the metal form taken up by algal cells. However,
whether or not phytoplankton can directly take up trace metals that
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are bound to low-molecular-weight metabolizable molecules (except
for siderophores in some microorganisms) remains to be determined.
We investigated Cd bioavailability in the presence of cysteine, using
two green algae (Chlamydomonas reinhardtii and Pseudokirchneriella
subcapitata), and a cyanobacterium (Anabaena flos-aquae) as our test
species. The results showed that at a constant [Cd2+], Cd uptake rates
by each alga grown with sufficient inorganic N remained constant when
concentrations of the L-cysteine-Cd (or D-cysteine-Cd) complexes
were increased. A similar lack of effect of cysteine was observed for
the green algae when properties of their Cd transport systems were
changed by modifying algal Zn nutrition. Thus, it would appear that
the intact Cd-cysteine complexes are not taken up and that the formation of a ternary surface complex with the Cd transporter molecules ‘X’,
e.g., cysteine-Cd-X-alga, does not contribute to overall Cd uptake by
N-replete, Zn-replete or Zn-limited algae. However, when C. reinhardtii
cells were acclimated to L-cysteine as the sole N source and then tested
at a constant [Cd2+], a significantly higher Cd uptake rate was observed
in the presence of L-cysteine (or D-cysteine) than in the presence of
NTA; this enhanced uptake disappeared if the algae were re-acclimated
to N-replete conditions. Since the enhanced uptake was observed despite
the constant [Cd2+], we conclude that overall uptake is not controlled by
[Cd2+] in the bulk solution under these conditions. The effect of cysteine
does not result from alleviating diffusion limitations on [Cd2+] transport from the bulk solution to the algal surface. The enhanced uptake
was unaffected by addition of high concentration of NH4+, but it was
completely suppressed if the algae were exposed simultaneously to NTA
and cysteine (while maintaining [Cd2+] constant). Overall, the results
suggest that the effect of cysteine on Cd uptake is strongly associated
with algal nitrogen nutrition and that Cd uptake is not always controlled
by the Cd2+ concentration in the bulk solution.
56 Metal (Ni, Cd and Tl) binding to cytosolic ligands in insects
(Chaoborus punctipennis) and eels (Anguilla rostrata) as determined by
SEC-ICPMS
M. Rosabal, Université du Québec, INRS / Centre Eau Terre
Environnement; S. Mounicou, CNRS/UPPA, Laboratoire de Chimie
Analytique Bio-Inorganique et Environnement; P. Couture, L. Hare, P.
Campbell, Université du Québec / INRS Centre Eau Terre Environnement
Knowledge of subcellular metal partitioning in the cells of aquatic
organisms is useful for understanding and predicting metal toxicity. Such
subcellular measurements can reveal the metal-detoxification strategies used by aquatic organisms to cope with potentially toxic metals. In
this context, metal incorporation into granule-like structures and the
binding of metals to thermostable cytosolic proteins are known strategies used by aquatic organisms to minimize the deleterious effects of
metal accumulation. However, the subcellular partitioning approach
does not provide detailed characterization of the proteins or peptides
involved in these detoxification responses, and without this information our understanding of the intracellular trafficking of metals remains
incomplete. To overcome this deficiency, we applied a hyphenated
fractionation approach, based on size exclusion chromatography coupled
with inductively-coupled plasma mass spectrometry (SEC-ICPMS),
to the cytosol and the heat-stable protein and peptide (HSP) fractions
isolated from two aquatic animals (insect: Chaoborus punctipennis; eel:
Anguilla rostrata) that had been collected from metal-impacted environments. In the cytosol, metal complexes were observed in potentially
metal-sensitive pools for Ni (HMW, high molecular weight, 2400 kDa
– 40 kDa) and Tl (LMW, low molecular weight, < 0.7 kDa), whereas
the medium molecular weight pool (MMW: 40 kDa – 0.7 kDa) appears
to be involved in Cd and Ni “detoxification” in both animals. Within the
HSP fraction, different biomolecules are involved in binding Cd, Ni and
Tl. Cadmium is largely bound to molecules that elute where metallothionein-like peptides (MTLPs) are expected to appear (Chaoborus: ~4.7
kDa and ~3.2 kDa; A. rostrata: ~7.2 kDa), whereas Ni exhibited binding
with different ligands (e.g., ~0.3 kDa and ~0.2 kDa for the insect larvae)
than those observed for Cd. In both organisms, Tl was only associated

with LMW ligands (< 1.7 kDa). These results provide important insights
into the metal-handling strategies employed by these field-collected
aquatic animals.

Alternative Approaches for Ecotoxicity
Assessments
57 Developmental Effects of 2-hydroxychrysene in Zebrafish (Danio
rerio) Embryos
G. Diamante, Univ of California, Riverside / Environmental Toxicology;
D. Schlenk, Univ of California Riverside / Dept of Environmental Sciences
Oil spills are one of the sources of polyaromatic hydrocarbons PAHs
in marine environments. One of the largest oil spills occurred in 2010
in the Gulf of Mexico, where approximately 4 million barrels of crude
oil were released into the environment. Several studies have shown that
exposure of embryos to different PAHs can negatively affect the development of the cardiovascular system. The most studied effects of PAHs are
those mediated by the aryl hydrocarbon receptor (Ahr). In the marine
environment PAHs can undergo photoreactions that can form hydroxylated compounds. Certain hydroxylated metabolites of PAHs display
estrogenic effects suggesting that exposure to these compounds can
potentially disrupt estrogenic signaling pathways during development,
which would represent another novel mechanism of toxicity. Despite
the substantial amount of research on PAH exposure of embryos, there
is very little data that show the developmental toxicity of hydroxylated
metabolites of these compounds. In this study, we exposed zebrafish embryos to various concentrations of the PAH 2-hydroxychrysene
for 74hrs to determine percent survival and the occurrence of cardiac
deformities. Our data show no significant difference in mortality at the
concentrations used; however, we find that there is a significant increase
in the percent of cardiac deformities that resulted. After exposure to 0.5,
1, 1.5, 2, and 5µM of 2-hydroxychrysene, the average of cardiac deformities was 34%, 62%, 92% and 97% respectively. Our future studies will
evaluate expression of genes that regulate cardiac myocyte development,
to identify the specific targets and pathways that may lead to cardiac
toxicity. This research was made possible by a grant from BP/The Gulf of
Mexico Research Initiative to the RECOVER Consortium.
58 Leveraging Embryonic Zebrafish to Prioritize ToxCast Testing
D.C. Volz, Univ of California, Riverside / Environmental Sciences; R.A.
Hipszer, Univ of South Carolina / Dept of Environmental Health Sciences;
J.K. Leet, USGS / Environmental Health Sciences; T. Raftery, Univ of
South Carolina / Environmental Health Sciences
As part of a multi-agency Toxicity Testing in the 21st Century (Tox21)
program, the US Environmental Protection Agency (USEPA) ToxCast
research program was initiated in 2007 to test the hypothesis that a
battery of cell-based and cell-free high-throughput screening assays
have the potential to predict toxicity in vivo and prioritize chemicals for
animal-based regulatory toxicity testing. Across Phase I and II of the
ToxCast program, over 1,000 unique chemicals have been evaluated
within 600-700 high-throughput assays that reflect an array of signaling pathways thought to be important for initiating and/or mediating
chemical toxicity at the cellular-level. Based on two pilot high-content
screens of acutely toxic chemicals within the ToxCast Phase-I library, we
previously demonstrated that exposure of zebrafish embryos to (1) abamectin from 5-25 hours post-fertilization (hpf) abolished spontaneous
activity – an indicator of developmental neurotoxicity – in the absence of
effects on survival and gross morphology and (2) butafenacil from 5-72
hpf resulted in severe anemia in the absence of effects on cardiovascular
development. Therefore, the objective of this study was to (1) determine
whether high-throughput in vitro screening data from the ToxCast
program would have prioritized abamectin and butafenacil for further
testing and (2) determine whether a single three-day zebrafish embryo
assay is a strong predictor of Toxicological Priority Index (ToxPi) scores
derived from ToxCast data. First, although ToxPi scores are useful metrics that integrate ToxCast assay hit rates and chemical potency, assay hit
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rate was the primary driver for generation of higher ToxPi scores within
the ToxPi Graphical User Interface (GUI). Second, due to the absence of
ToxCast assays that identify chemicals affecting red blood cell production, butafenacil may not have been prioritized by the USEPA’s ToxCast
program for future testing even though this chemical was identified as a
potent inducer of anemia in zebrafish embryos. Lastly, based on a single
three-day assay using one 384-well microplate, 72-hpf zebrafish embryo
survival was a strong predictor of ToxPi scores derived from a large,
complex battery of nearly 800 ToxCast assay endpoints. Overall, our
findings suggest that embryonic zebrafish may be valuable for prioritizing ToxCast testing as well as addressing toxicity pathways that may not
be represented by the ToxCast assay battery.
59 The fathead minnow embryo as an alternative fish species for
assessing fish embryo toxicity and teratogenicity
S. Böhler, COS Centre for Organismal Studies; S. Oberrauch, S. Mieck,
F. Beedgen, L. Scholz, C. Brett-Smith, Heidelberg Univ / COS Centre
for Organismal Studies; T. Braunbeck, Univ of Heidelberg / Centre for
Organismal Studies
Together with the zebrafish (Danio rerio) and the Japanese medaka
(Oryzias latipes), the fathead minnow (Pimephales promelas) is one of the
three most commonly used OECD test species. However, relatively
little is known about the development, even though the fathead minnow
has been used extensively for toxicological testing. After the adoption
of the fish embryo toxicity test (FET) with the zebrafish as OECD test
guideline 236, it seemed essential to adapt the zebrafish FET protocol
to other OECD species to broaden the applicability of the test. In order
to elucidate pathological variability in fathead minnow development, the
adapted fathead minnow FET protocol was validated with the known
teratogens isoniazid, ethanol, caffeine, sodium valproate, hydroxyurea,
tretinoin and warfarin. In order to assess the bioactivation potential of
the fathead minnow embryo, the proteratogen coumarin was tested.
In addition to acutely lethal toxicological effects, more than twenty
teratogenic endpoints including structural malformation as well as physiological dysfunctions were recorded. Since some of the teratogens tested
are known to provoke skeletal abnormalities, the development and the
structure of cartilaginous and bony elements in the head region of the
fathead minnow embryo were assessed by means of specific histological analyses and compared to the normal development of the fathead
minnow skeleton. Finally, fathead minnow embryos exposed to sodium
valproate were sectioned serially and stained with hematoxylin and eosin,
and histopathological effects were compared to normal fathead minnow
embryo histology and development.
60 Sample Size Analysis for Acute Toxicity Tests: Size Matters
G.J. Carr, Global Statistics and Data Management; S.E. Belanger,
The Procter & Gamble Company / Environmental Stewardship and
Sustainability Organization; L. Rawlings, South Valley WRF
Sample size guidance for standard protocols used in acute toxicity testing
is seemingly based mostly upon historical precedent. A concise justification for the sample sizes found in various sources, such as regulatory
guidance documents, does not exist. Recently, literature has focused
upon reducing sample size which has become an acute need with respect
to animal welfare considerations (i.e., testing with fish such as the
OECD 203 Test Guideline or USEPA 850.1500 Test Guideline). This
work fills a void in the literature by quantifying the effects of sample
size on estimation of the LC50, along a range covering the majority
of study design recommendations. The effects of sample size itself, the
steepness of the concentration-response relationship, and the location
of the true LC50 relative to the tested concentrations are all integrated
into this assessment. Results are provided in easy to interpret graphical
summaries. We bring in additional context by evaluating the historical
variability of LC50 estimates among chemicals tested multiple times.
While this work is focused on our recent participation in the fish embryo
test validation (OECD 236 Test Guideline), it is broadly applicable. We
conclude that while pressure to reduce the numbers of fish used in tests
is an extremely worthy objective, it does come at a quantifiable cost in
terms of precision in the estimation of the LC50. Given that the acute
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fish test is an early tier test that is often a guidepost for new and innovative chemicals not yet on the market, or for chemicals that have small
test dossiers, awareness of the tradeoffs are important for environmental
hazard assessors.
61 RTgill-W1 cell line assay for predicting fish acute toxicity: evaluation of a round-robin test
M. Knöbel, Eawag, Swiss Federal Inst of Aquatic Science and Technology /
Environmental Toxicology; S.E. Belanger, The Procter & Gamble Company
/ Central Product Safety Dept; P. Berckmans, VITO-ABS / The Flemish Inst
for Technological Research; M. Bernhard, The Procter & Gamble Company
/ Env Stewardship and Sustainability; L. Blaha, Masaryk Univ, Faculty
of Science / Research Centre for Toxic Compounds in the Environment
RECETOX; S.D. Dyer, The Procter & Gamble Company / Environmental
Stewardship and Sustainability Organization; T. Haupt, Givaudan
Schweiz AG; J. Hermens, Utrecht Univ / Inst for Risk Assessment Sciences;
M.T. Hultman, Norwegian Inst for Water Research NIVA; H. Laue,
Givaudan Schweiz AG / Fragrances S T; A. Lillicrap, NIVA / Ecotoxicology
and Risk Assessment; M. Mlnarikova, Masaryk Univ RECETOX; A.
Natsch, Givaudan Schweiz AG / Fragrances S T; J. Novak, Masaryk
Univ / RECETOX; T.L. Sinnige, Utrecht Univ; K. Tollefsen, NIVA /
Ecotoxicology and Risk Assessment; H. Witters, VITO / Applied Bio molecular Systems; V. von Niederhausern, Givaudan Schweiz AG; K. Schirmer,
Eawag / Environmental Toxicology
The rainbow trout (Oncorhynchus mykiss) gill cell line, RTgill-W1, has
been tested to predict fish (in vivo) acute toxicity, hence, comprises a
potential alternative to tests used for chemical risk assessment. In a previous study, 34 organic industrial chemicals (selected using pre-defined
criteria), were tested and compared to the acute toxicity reported in the
USEPA fathead minnow data base. The majority of data was within
a 10-fold range versus acute fish lethality when taking into account
bioavailable exposure concentrations. Moreover, the outcome of the cell
line assay compared very well to results obtained in the zebrafish embryo
toxicity test (FET), which has meanwhile been accepted as the OECD
test guideline 236. These findings provided the impetus to initiate the
RTgill-W1 cell line assay as a potential animal replacement method to
the same level of international acceptance. Through support of CEFICLRI and UK NC3Rs, an Eawag-led round-robin test, involving six
industrial and academic research laboratories from Europe and the USA
was conducted. The overall goal was to test the robustness of the established methodology. In particular, the transferability of the RTgill-W1
cell line assay and the intra- and inter-laboratory reproducibility was
evaluated. Seven laboratories provided data for the round-robin testing,
either for the cell line assays and/or analyses of chemical concentrations.
Chemical selection and quantitative analysis as well as conductance
of the cell line assay followed criteria and protocols used in the initial
study. TExperiments with the cell line assay include a minimum of three
biological replicates (cells from different passages) with three technical
replicates in each test run. Based on verified exposure concentrations for
each chemical, cell viability measurements are eventually corrected for
measured concentrations for final statistical analysis. The RTgill-W1 cell
line assay procedure was tranferred successfully to each of the participating laboratories. Improvements to the original standard protocols were
implemented based on the suggestions provided by the participants
– leading to further simplification. Data was analyzed using diverse
statistical methods. Results were evaluated for effective concentrations
and for inter- and intra-lab variability, providing a solid basis to establish
this method as an animal-free alternative to the fish acute toxicity test.
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62 Ecological Threshold of Toxicological Concern - Fundamentals
and Initial Findings from a Comprehensive Assessment of More Than
4000 Chemicals
S.E. Belanger, The Procter & Gamble Company / Environmental
Stewardship and Sustainability Organization; A. Beasley, The Dow
Chemical Co. / Product Sustainability Consultant Toxicology and
Environmental Research Consulting; D. DeZwart, Mermayde; M.R.
Embry, ILSI Health and Environmental Sciences Inst (HESI); J. Brill, The
Procter & Gamble Co. / Environmental Stewardship and Sustainability; B.
Farr, ILSI Health and Environmental Sciences Inst (HESI); A. Kienzler,
European Commission Joint Research Centre / DG Joint Research Centre
IHCP EURL ECVAM; H. Sanderson, Aarhus Univ; M. Halder, European
Commission Joint Research Centre / DG Joint Research Centre IHCP
EURL ECVAM; R. Hummel, USEPA; T.J. Norberg-King, USEPA /
NHEERL, Mid-Continent Ecology Division; R.M. Sternberg, USEPA
/ Environmental Fate and Effects Division; J. Suski, USEPA; P. Wilson,
SANOFI
The Threshold of Toxicological Concern (TTC) approach is a widely
accepted tool for hazard assessments of trace chemicals such as food
additives and pharmaceutical impurities. The TTC concept is used
to determine exposure levels below which the risk to human health
is negligible for an identified endpoint. TTCs are expressed as a low
percentile value derived from a modeled distribution of toxicity values
within a chemical class or Mode of Action (MoA). We propose that this
concept can be similarly applied in an ecological context (eco-TTC) to
environmental safety. Eco-TTCs can be particularly useful in screeninglevel risk assessments, where rapid decision-making is important and the
supporting toxicity data may be unavailable or insufficient. Exploration
of the eco-TTC concept has been initiated by an international collaboration under the ILSI Health and Environmental Sciences Institute.
To better understand the scope and limitations of the application of an
eco-TTC, a comprehensive dataset including information on over 4400
unique chemicals and nearly 100,000 data records has been compiled
and probed. Initial questions have focused on the impact of MoA classification schemes, the influence of regional uncertainty factors, and
the comparative utility of acute and chronic data. In this talk we will
review the structure of the information and address the influence of
fundamentally important decisions regarding test species breadth, test
duration designations, identification of key or driving studies, incorporation of multiple test data, and the like. Finally, we compare results
from this investigation with other similar, but less chemically comprehensive, eco-TTC-like investigations. Patterns of eco-TTCs that have
been developed for several chemical classes and MoAs (pesticides, polar
narcotics, surfactants, etc.) have indicated similar conclusions across
the various investigations. The observations suggest a strong underlying
pattern of toxicity can be modeled. Note: The contents of this abstract do
not necessarily represent the views or policies of the organizations with
which the authors are affiliated.
63 Shell’s Animal Testing Strategy: Fish Testing
C.L. Meyer, Shell Oil Company / Shell Health Risk Science Team; S.A.
Hughes, Shell Health - Americas / Shell Health Risk Science Team; G.
Whale, Shell Health / Shell Health Risk Science Team; C.V. Eadsforth,
Shell International / Shell Health Risk Science Team; C.J. Smulders, Shell
International B. V. / Shell Health Risk Science Team
Animal testing is used for protection of human health and the environment, and is often required by regulation for product and effluent testing.
However, there are strong ethical, scientific and business drivers to
move away from animal testing as the method to demonstrate product
safety. Many companies like Shell are committed to eliminating the
need to do testing involving vertebrate animals. With the aim to replace
animal testing by suitable alternatives while ensuring that industry can
continue to innovate, develop and maintain new and safe products and
technologies. Testing with fish, either for product testing or whole effluent toxicity testing, is the largest category of vertebrate animal testing
conducted by or on behalf of Shell or Shell joint ventures, accounting
for 85% of the ~71,000 total animals used in 2013. Of the fish used in
testing, over 80% were required for regulatory compliance, primarily

in North America. As part of Shell’s commitment to eliminate animal
testing, a long-term approach toward elimination of fish testing requirements has been adopted and is governed by the 3Rs: Replacement,
Reduction, and Refinement. Key parts of this approach include supporting research into alternative test systems and promoting the use of these
alternative test systems to meet regulatory requirements instead of fish
testing. An overview of Shell’s approach to eliminating fish testing will
be presented along with experiences with some of these alternative test
methods, including a combination of in silico, in vitro and in vivo techniques. It may be that no single method or test by itself is sufficient to
replace fish testing, but using a weight of evidence approach could help
to reduce or eliminate fish testing.
64 The Regulatory Framework for Read-across and Surrogate Use for
Hazard Assessment
J. Kneeland, J. Cohen, Gradient
Safe use of chemicals requires that potential hazards associated with
those chemicals are identified. A detailed assessment of environmental
and toxicological hazards associated with chemicals is often necessary
to generate safety data sheets, register the chemicals with regulatory
authorities, and ensure that appropriate exposure controls minimize
risks associated with occupational, cosmetic, or incidental exposure.
In response to a growing societal pressure to minimize animal testing, the use of (quantitative) structure activity relationships ([Q ]SAR),
chemical grouping, and chemical surrogates (also called analogues) to
“read-across” the hazards from a previously tested chemical has become
commonplace. However, regulatory guidance regarding when and how
to use surrogate-based hazard assessment is not consistent across agencies. We present a synthesis of regulatory guidance for the application of
read-across, including the EU’s Registration, Evaluation, Authorisation
and Restriction of Chemicals (REACH) legislation, USEPA’s premanufacture notice (PMN) requirements under the Toxic Substances
Control Act (TSCA), Australia’s National Industrial Chemicals
Notification and Assessment Scheme (NICNAS), and the Globally
Harmonized System for Classification and Labeling of Chemicals
(GHS). Each of these schemes allows for the use of surrogates, but
requirements and recommendations for when read-across is acceptable
vary. They also differ in whether the onus is on the regulatory body (e.g.,
government agency) or the regulated community (e.g., industry) to assess
whether a surrogate-based hazard assessment is sufficient. Expert judgment is required to develop a global regulatory compliance strategy that
follows best practices for surrogate-based hazard assessment while also
minimizing the business and social costs associated with animal testing.
Furthermore, for responsible chemical stewardship that goes beyond
the basic regulatory requirements, a systematic method to incorporate
measures of uncertainty in hazard assessments that rely primarily upon
surrogate data is necessary. Such a method should account for the degree
of structural similarity between the chemical of concern (CoC) and the
selected surrogate, consistency (or lack thereof) in toxicity results across
multiple surrogates, and concordance of results across multiple toxicity
endpoints so as to suggest a plausible mechanism of action that is consistent for both the CoC and surrogate chemical.

Discovering the Causes of Chronic Diseases:
Integrating Systems Toxicology and the
Exposome
65 Strategies to measure the exposome
A. Macherone, Agilent
Studies suggest the genetic heritability of respiratory disease, cardiovascular disease and some cancers is very low: estimated to be 10%
- 20%. The implication is that 80% - 90% of chronic human diseases are
caused by exposures or some combination of exposures and the genome.
The exposome represents internal and external exposures throughout
individuals’ lifetime. It includes the food we eat, the drugs we take,
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the chemical pollutants we are exposed to and our internal chemistry.
Sophisticated tools were developed to map the human genome and these
have been harmonized across genomics research. Although refined
procedures in mass spectrometry exist to simultaneously measure many
chemical exposures, there are few applications and little harmonization.
The asymmetry of tools enabling genomics research and those found in
environmental studies may be addressed by applying omics technologies to the measurement of exposures in a broader sense than the one
exposure – one disease model traditionally used. By means of discoverybased omics to characterize and correlate exposures and disease risk,
the exposome can be viewed as the complement to the genome and
exposome-wide association studies (EWAS) akin to GWAS can be
conducted. We propose using EWAS followed by targeted and semitargeted analytical strategies to characterize and quantify the exposome.
Herein we will define these strategies and present proof of principle data.
66 Environmental Determinants of Disease Susceptibility
S.A. Snyder, Univ of Arizona / Chemical and Environmental Engineering
Approximately 90% of chronic disease is not accounted for by genetic
factors, which suggests a pre-eminent role of the environment. Indeed,
the exposome consists of vast numbers and types of inorganic and
organic chemicals from endogenous and exogenous origins. Synthetic
chemistry has created structures that are not known to exist in nature,
yet can have profound impacts on public health by design or by accident.
Since the 20th century, chemical synthesis has grown at a staggering
rate, with over 65 million chemical compositions available commercially. With continued advances in analytical technologies, increasing
numbers of synthetic and natural chemicals are being identified in the
environment at low levels. As an example, the ATSDR provides 14
general categories of chemicals, which include volatile organic chemicals,
inorganic substances, and halogenated pesticides. No single instrumental
platform or analytical technique could be used to identify and quantify
these high diverse chemicals; therefore, a comprehensive integrated
approached is needed. This presentation will highlight the comprehensive evaluation of chemical exposure through water using ICP-MS,
GC-MS, LC-MS, and bulk surrogate measurements such as fluorescence and UV absorbance. Two case studies will be presented. In the first
case, a combination of in vitro bioassays and chemical fractionation/analyses will be demonstrated whereby novel glucocorticoid structures were
identified and mass balanced against biological responses using iterative
QTOF and QQQ mass spectrometry. The second case study involves the
determination of volatile brominated organic substances isolated from
the urine of career firefighters before and after exposure to smoke. By
using a combination of in vitro bioassays to measure AhR and genotoxicity along with GC-ICP-MS and GC-QTOF, chemical structures
present in elevated levels post-smoke exposure have been identified and
quantified. The presentation will conclude with a view towards the future
application of in vitro screening for chemical mixtures in tandem with
novel analytical chemistry techniques to better evaluate the environmental determinants of disease susceptibility.
67 Using “omics” medical information systems and a biorepository
“time machine” to “PREDICT” the development of chronic diseases
in children
D. Graham, A. Everett, B. Schlief, S. Johnson, S. Penno, F. Hamblin,
Johns Hopkins School of Medicine; N. Goldenberg, Johns Hopkins School of
Medicine / Hematology
Determining the causes of chronic diseases requires institutional-level
investments in developing the appropriate infrastructure to properly
collect and store, not only longitudinal patient samples, but also to
integrate medical information and patient health records to identify
individuals who eventually go on to develop chronic diseases. The Johns
Hopkins All Children’s Hospital (ACH) Prospective Research on Early
Determinants of Illness and Children’s Health Trajectories (PREDICT)
study was designed around an institutional investment in a world-class
pediatric biorepository, the development of integrated medical management systems and a center for resources integrative biology to determine
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the molecular determinants of disease once a disease outcome has been
discovered by working prospectively from a biorepository and medical perspective and retrospectively from a molecular determinants
perspective. Here we show novel approaches to the use of Noviplex ™
dried-blood spot (DBS) cards, which separate cells from plasma, in
pediatric patients at six months of age for the extraction of DNA, RNA,
peptides, lipids, proteins and small molecule metabolites and exogenous
chemicals using a streamlined sample preparation approach. We show
qualitative and quantitative comparisons to plasma for both untargeted
metabolomics and lipidomics profiling and targeted metabolite analysis.
Our findings suggest that the combination of new sample sparing high
sensitivity multiplex assays and novel methods to collect and store DBS
cards make a systems toxicology and exposomics strategy within reach
for our healthcare system.
68 High-resolution metabolomics study of occupational exposure to
trichloroethylene
D.I. Walker, Pulmonary Allergy and Critical Care Medicine; L. Zhang,
Univ of California Berkeley / Division of Environmental Health; R.
Vermeulen, Univ of Utrecht; M. Smith, Univ of California Berkeley /
Division of Environmental Sciences; K. Uppal, Emory Univ / Clinical
Biomarkers Laboratory; W. Hu, National Cancer Inst / Division of
Cancer Epidemiology and Genetics; K. Pennell, Tufts Univ / Dept of Civil
Environmental Engineering; N. Rothman, National Cancer Inst / Division
of Cancer Epidemiology and Genetics; D.P. Jones, Emory Univ / Clinical
Biomarkers Laboratory; Q. Lan, National Cancer Inst / Division of Cancer
Epidemiology and Genetics
Trichloroethylene (TCE) is a ubiquitous groundwater contaminant and
continues to be used in the workplaces of many developing countries.
It has been linked to health outcomes including kidney cancer, nonHodgkin lymphoma and liver cancer. However, biochemical alterations
contributing to disease pathophysiology are not well understood. In this
study, high-resolution metabolomics (HRM) was applied to plasma
obtained from a well-characterized population of 80 TCE-exposed
workers and 95 matched, non-exposed workers. After correcting for
multiple hypotheses testing at a false discovery rate threshold of 0.2,
203 significant features were identified as associated with exposure.
Annotation indicated the presence of TCE metabolites, including
trichloroacetic acid, trichloroethanol, chloroketene, dichlorovinyl glutathione and n-acetyl-1,2-dichlorovinyl cysteine in addition to a range
of altered levels of endogenous metabolites. These included tryptophan,
indoleacrylic acid, serine and uric acid. Pathway enrichment following removal of halogenated features included enrichment in amino acid
related pathways and mitochondrial bioenergetics. Pathway enrichment
was consistent with annotation of the significant endogenous metabolites, in addition to alterations in steroid hormone biosynthesis, purine,
pyrimidine and sulfur amino acid metabolism. Processes involved
in TCE metabolism and detoxication were also detected, including glutamate, cysteine/methionine metabolism and hepatic tyrosine
metabolism. Significantly altered metabolites within purine metabolism
indicated nucleosides and altered bases (including deoxyguanosine and
deoxyadenosine). Associations with intermediate markers were tested
by comparing significant metabolic features to previously published
results from this cohort, including kidney biomarkers of effect (KIM-1),
immune function (plasma immunoglobulin levels, CD4, lymphocyte and
white blood cell count; sCD27 and sCD30) and cancer risk (mitochondrial DNA copy number) within the exposed individuals. Metabolic
features association with endpoints originated from pathways linked to
immune function and renal toxicity. These findings provide new insights
into the underlying carcinogenic process of TCE exposure in humans
and application of HRM for high-throughput metabolic profiling for
understanding exposure associated metabolic alterations.
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69 Developmental neurotoxicity assessment of chemical mixtures in
children
P. Leonards, VU Univ / Inst for Environmental Studies / Inst for
Environmental Studies IVM; M. Dingemans, IRAS
Worldwide, serious concern has arisen about the increased incidence of
learning and developmental disorders in children. From a scientific point
of view, there is no doubt that exposure to neurotoxic chemicals during
early brain development can adversely affect learning and development.
Various recent epidemiological studies have indicated that exposure
to low doses of environmental biologically active contaminants (e.g.,
pesticides) during human development can have deleterious effects on
cognitive development in childhood. The European commission-funded
project DENAMIC “Developmental Neurotoxicity Assessment of
Mixtures in Children” investigates neurotoxic effects (e.g., learning and
developmental disorders) of low-concentration mixtures of pesticides and
a number of common environmental pollutants in children. We focus on
(subclinical) effects on learning (cognitive skills) and developmental disorders in children (e.g., ADHD, autism spectrum disorders and anxiety
disorders). One of the aims is to develop better and sophisticated tools,
procedures and testing methods to screen compounds for (developmental)
neurotoxicity and to improve assessment of exposures and effects (www.
denamic-project.eu). As part of the project, a new alternative assessment
strategy based on a combination of in vitro, in vivo assays and human
exposure assessment is under development in order to prioritize compounds, and to further investigate the pathways and mechanism involved
in disorders and diseases. The approach and results of DENAMIC will
presented. DENAMIC investigate differences in prenatal and neonatal
exposure to a selected number of suspected neurotoxic environmental
pollutants in four different European regions. Data and samples from
existing European cohorts with different exposure profiles from Norway,
Netherlands, Slovakia and Spain will be presented. Differences in pesticide and perfluorinated compound levels between matrices (urine, mother
milk, blood) and countries are shown. These studies will also be used to
study possible associations between the selected environmental pollutants
with neurodevelopmental outcome, in particular cognitive development
(e.g., ADHD). Results on the exposures and associations with neurodevelopmental outcomes will be presented as well.
70 Influence of Selected Trace Metals on Blood FSH, LH, E2 and
Prolactin levels in Women with Infertility attending University
College Hospital, Nigeria
I. Omotosho, T. Odekunle, G. Onoriede, Univ of Ibadan, Nigeria / Chemical
Pathology Clinical Biochemistry
Infertility is a universal medical problem the sociocultural effect of
which varies amongst cultures. The diagnosis of this condition remains
a medical challenge even in medically advanced societies. This work
investigated the influence of blood cadmium and iron levels on FSH,
LH, E2 and Prolactin in a subset of infertile women. Twenty infertile
and eighteen fertile (all clinically diagnosed) premenopausal women were
recruited for this study; blood was collected within their mid-follicular
phases and analysed for FSH, LH, E2 and Prolactin while Cadmium
and Iron concentrations were also determined using standard laboratory
procedures. Median hormonal results with their intra quartile range
were: 5.3IU/L (3.9-6.4LIU/L), 7.4IU/L (4.5-14.7IU/L), 0.6nmol/
L(0.3-0.9nmol/L) and 386.2mIU/L (193.7-524.8mIU/L)L in test
cases and 5.9IU/L (5.1-7.4IU/L), 7.5IU/L (5.2-15.2IU/L), 0.8nmol/L
(0.3-1.2nmol/L)L and 220mIU/L (177.7-292.3mIU/L) in controls
for FSH, LH, E2 and Prolactin respectively. The differences amongst
these results were not significant (P>0.05). Blood levels of cadmium
were 0.007nmol/L(0.005-0.009nmol/L) and 0.006nmol/L(0.0060.009nmol/L) while that of iron were 11.7umol/L (7.0-19.3umol/L) and
13.7umol/L(11.5-15.9umol/L) in test cases and controls respectively. The
differences were not significant (P>0.05) However in spite of the similar
anthropometric and demographic data of the two groups, a significant
negative correlation was observed between blood iron and E2 levels in
controls which was not observed in the test cases. The role of E2 in iron
metabolism and possible link with women infertility was discussed.

71 Speciated Isotope Dilution Mass Spectrometry Enabling
Exposomic Assessment of Children with Autism and Potential
Predictive and Diagnostic Testing
S. Kingston, Duquesne Univ / Chemistry and Biochemistry
Recent technological advancements dramatically enabled new physical
assessments, most notably in the areas of Exposomics and Epigenetics.
These innovations necessitate rethinking what environmental human
health assessment actually is or should be. Previously medical professionals have not had research laboratories developing methods specifically
for attending physicians who are experts at assessing and treating
and following disorders such as autism. The physicians typically want
specific tests done and receive reliable data but often know they cannot
be obtained from analytical laboratories currently. This study combined
a mass spectrometry center of excellence with a developmental pediatrician, an attending physician and a hospital dedicated to assessing
through chemical measurements. Today the only tests for autism are
done by behavioral observation, without confirmatory blood tests. New
methods based on Isotope Dilution Mass Spectrometry (IDMS), NanoLC-QQQ-MS, robotically enhanced Solid Phase Extraction-GC-MS
and Speciated Isotope Dilution Mass Spectrometry (SIDMS) enabled
tools have been developed and utilized in a double-blind controlled
study on autism. A critical biomarker assay for reduced and oxidized
glutathione was developed and found to be statistically significant in the
identification of a child diagnosed with autism and the control children.
Together with glutathione method, the quantitative SPE-IDMSGC-MS xenobiotic organic and inorganic toxin analysis, the total toxin
body burden has been established with p=0.011. Statistically significant
correlations have been confirmed with ADOS evaluations of children
with autism and control children. Combining the traditional biometric
data from blood laboratories with these new methods of assessment
yielded many physical measurements and correlations when they were
combined in the study of children with autism and their controls. The
new mass spectrometric based xenobiotic toxins and biomarker analyses
and 406 separate parameters , when combined, statistically agreed with
the Autism Diagnosis Rating Scale (ADOS) tests for children with
autism and controls. This study demonstrates physical mass spectrometric measurements may predict diagnose a child’s physical condition or
disorder before the ADOS scale.
72 Mapping Pathways of Toxicity by systems toxicology: The Human
Toxome project
M. Bouhifd, T. Hartung, Johns Hopkins Univ / Center for Alternatives to
Animal Testing CAAT
The NIH Transformative Research Project “Mapping the Human
Toxome by Systems Toxicology” (NIEHS grant R01ES020750)
represents an initiative promoting the implementation of a new toxicity testing paradigm. This collaboration of Johns Hopkins Bloomberg
School of Public Health, Brown University, The Hamner Institute,
Georgetown University, USEPA National Center for Computational
Toxicology and Agilent, aims to establish a workflow for the identification and annotation of pathways of toxicity (PoT). The project uses
untargeted mass-spectrum-based metabolomics and gene array-based
transcriptomics to assess the proestrogenic response of MCF-7 cells, a
well-established and pre-validated test for endocrine disruption. The
standardized model SOP was established in two laboratories, which was
monitored by diverse technologies: omics, karyotyping and Comparative
Genomic Hybridization. Time- and dose-dependent effects of different agonists are assessed using hundreds of gene arrays and thousands
of metabolomics profiles representing different concentrations and
time points of treatment. Dedicated tools for the combined analysis of
multi-omics data, their integration and visualization are developed and
utilized within the consortium. We will discuss a number of challenges
associated with this project such as the practical implementation of the
conceptual framework of PoT, the quality and standardization of toxicological test systems and omics technologies and the bioinformatics tools
for identification, annotation, proof of causality and validation of PoTs.
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We will also present the results of our multi-omics data integration using
network analysis tools and text-mining methodologies for pathways of
toxicity identification.

Recent Advances and Trends in
Perfluorochemical Research
73 Aqueous photolysis of a fluorotelomer surfactant used in aqueous
film forming foams
L. Trouborst, Dept of Chemistry; S.A. Mabury, Univ of Toronto / Dept of
Chemistry
Recent formulations of aqueous film forming foams (AFFFs), as used
in the extinguishing of hydrocarbon-fuelled fires, frequently employ
fluorotelomer-based surfactants. Many studies have shown that fluorotelomer-based chemicals (e.g., fluorotelomer alcohols, carboxylic acids,
sulfonates) degrade under environmental conditions to produce persistent
perfluoroalkyl acids. A 2014 study found a new fluorinated surfactant,
6:2 fluorotelomer sulfonamide alkylbetaine (6:2 FTAB), to be the second
most frequently detected surfactant in AFFFs in current use across
Ontario, Canada. Since 6:2 FTAB is a charged species with high water
solubility, its primary fate is presumed to be to the aqueous phase. In this
study the direct and indirect photolysis of 6:2 FTAB were examined in
various aqueous environments. The relative effects of indirect photolysis,
where photolytically produced oxidizing radicals react with the analyte,
were studied using the PhotoFate system. With this approach, 6:2 FTAB
was exposed to sunlight radiation in sixteen different synthetic field
water solutions composed of varying concentrations of nitrate, bicarbonate, and dissolved organic matter. These chemicals are the primary
reactants in the production and quenching of oxidizing hydroxyl and
carbonate radicals in freshwater bodies. The relative half-lives of 6:2
FTAB by direct and indirect photolysis were compared. Monitoring of
photolysis intermediates and final products, including the fluorotelomer
sulfonate and perfluorinated acids, provided the foundation for suggesting reaction mechanisms and pathways. A complementary analysis using
total organofluorine-combustion ion chromatography was employed to
quantify the fraction of unidentified fluorinated products of 6:2 FTAB
photolysis.
74 Aerobic soil biotransformation of quaternary ammonium fluorinated surfactants generates perfluoroalkyl acids
S. Mejia, McGill Univ / Civil Engineering and Applied Mechanics; J. Liu,
McGill Univ / Chesapeake Biological Laboratory
Sites impacted by the use of Aqueous Film Forming Foams (AFFFs)
show significant levels of fluorinated surfactants, which vary significantly in chain length and functionality. Such functionalities can include
carboxylates or sulfonates, quaternary ammonium salts, betaines and
amine oxides, among others. The management of contaminated sites
is greatly complicated by the lack of information on the structure and
fate of the components of AFFFs. The study of behaviors of single
components can improve the understanding necessary for management
of contaminated sites. Among many likely key components of AFFFs,
two components patented for their use in firefighting formulations were
selected for the study: N,N,N-Trimethyl[(perflorooctanesulfonamido)
propyl] ammonium iodide [F(CF2)8SO2NH(CH2)3N+(CH3)3] and
N,N,N-Trimethyl[(perflorooctaneamido)propyl] ammonium iodide
[F(CF2)7CONH(CH2)3N+(CH3)3]. Since they could be strongly
sorbed to soil due to the positive charge, the biodegradation in soil
is particularly important. Past studies on non-fluorinated quaternary
ammonium (QACs) compounds have shown high toxicity of QACs
to some bacterial strains in some cases, but biodegradability has also
been demonstrated in others. In this study biodegradation of the two
fluorinated QACs was studied in a soil collected from the vicinity of
an AFFF-contaminated site. Over 3 months incubation, the soil was
exhaustively solvent extracted, and the extract was analyzed for the
parent compounds and potential degradation products with two distinct
mass spectrometry techniques. By comparing predicted biodegradation
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products (LMC’s Catalogic and EAWAG’s Biocatalysis/Biodegradation
Database) with high-resolution mass spectrometry data, degradation
pathways and reaction mechanisms were proposed. Formation of PFOS
and PFOA was observed, though at relatively slow rates compared
to other fluorinated precursors to PFOS or PFOA. Analysis of total
extractable organofluorine content using combustion ion chromatography was performed to estimate the fraction of unidentified degradation
products and soil bound residues.
75 Aerobic biodegradation potential of fluorinated surfactants, polyfluoroalkyl phosphates (PAPs)
M. Lewis, Texas A&M Univ; M. Kim, J. Liu, Texas A&M Univ / Zachry
Department of Civil Engineering; N. Wang, DuPont / Haskell Global
Centers for Health and Environmental Sciences; K. Chu, Texas A&M Univ
/ Civil Eng
Polyfluoroalkyl phosphates (PAPs) are a group of fluorinated surfactants commonly used in paper and board coatings for food packaging.
The PAPs in the food packing materials have been suggested as a direct
source of human exposure to perfluorinated carboxylic acids (PFCAs),
persistent contaminants in the environment and in human sera. One
possible source of PFCAs comes from biodegradation of fluorotelomer
alcohols (FTOHs) which are used as a raw material in the manufacturing of fluorinated surfactants such as PAPs. In this study, aerobic
biodegradation potential of PAPs by three FTOH-degrading bacteria:
Pseudomonas oleovorans, Pseudomonas butanovora, and Pseudomonas fluorescens DSM 8341. P. oleovorans and P. butanovora are alkane-degrading
bacteria and P. fluorescens DSM 8341 is a fluoroacetate-degrading
bacterium. It is hypothesized that the FTOH degraders can also degrade
PAPs. All the resting cells of three strains showed ability to transform
6:2 PAPs into various chain length PFCAs or PFCA precursors like
5:2 sFTOH and 5:2 ketone. Not surprisingly, activated sludge degraded
more PAPs effectively into more diverse metabolites, with 5:2 sFTOH
as the most abundant on day 30. The abundance of the alkB gene related
to alkane oxidation and community structure using 16S rRNA were
studied in activated sludge samples exposed to 6:2 PAPs. This is the first
report demonstrating biodegradation of PAPs by FTOH-degrading pure
strains.
76 Metabolic Pathway Elucidation and Protein Binding of
Perfluoroalkyl Phosphonic and Phosphinic Acids (PFPA, PFPiAs) in
Rats
S. Joudan, L.W. Yeung, Univ of Toronto / Chemistry; S.A. Mabury, Univ of
Toronto / Dept of Chemistry
It is accepted knowledge that perfluoroalkyl acids (PFAAs) do not
degrade under environmentally relevant conditions. A 2012 paper
showed the first metabolic degradation of any PFAAs, where perfluoroalkyl phosphinic acids (PFPiAs) were transformed to perfluoroalkyl
phosphonic acids (PFPAs) in fish. Both PFPiAs and PFPAs have been
used as wetting and leveling agents in cleaning products, and in 1998
and 2002, were listed as high volume production chemicals (10 000-500
000 lbs per year). They have been detected since 2004 in human blood,
lake trout, surface waters, and wastewaters with perfluoroalkyl chain
lengths ranging from C6-C12. Given the evidence of metabolism in fish,
a follow up study was required to elucidate the metabolic pathway and
transformation products of these compounds. The only available study
on a mammalian model showed that various congeners of PFPAs and
PFPiAs were bioavailable and bioaccumulative in rats, however there
is no knowledge on mammalian metabolic degradation. In this current
investigation, three separate groups of nine Sprague-Dawley rats were
dosed with 50 µg/kg of C8-PFPA, C6/C8-PFPiA or C8/C8-PFPiA via
oral gavage. Dosing rats with a single chemical allows for more confident
pathway elucidation compared to using a technical mixture in the previous rat exposure study. The partitioning between blood, liver and kidneys
was determined by quantifying a suite of known PFAAs using LC-MS/
MS. High resolution mass spectrometry was used to investigate the presence of transformation intermediates. Finally, covalent protein binding
of the dosed chemicals or any metabolites in the blood, liver and kidneys
was quantified as total fluorine, in order to assess possible toxicity.
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77 In Situ Remediation of Perfluoroalkyl Contaminated
Groundwater: Combined Sorption and Oxidation
M. Crimi, Clarkson Univ / Inst for a Sustainable Environment; T. Holsen,
C. Bellona, D. Siriwardena, N. Kunte Pandurangarao, Clarkson Univ;
Perfluoroalkyl and polyfluoroalkyl substances (PFASs) are a stable
synthetic class of chemicals ubiquitously spread in environmental media
(i.e., air, soil, biota, surface water and groundwater). The substances’
strong polar carbon-fluorine bonds and their high thermal and chemical stability make them resistant to biological, chemical, and physical
degradation. Research is currently being conducted at Clarkson
University, in collaboration with ARCADIS and the Southern Nevada
Water Authority, to develop a treatment train for in situ remediation
of PFAS contaminated groundwater that involves first the sorption of
PFASs onto granular activated carbon (GAC), followed by treatment
and regeneration of the GAC using activated persulfate. The research
is being conducted in two parallel phases and results of each separate
phase and the combined approach will be presented. First, sorption
isotherm and kinetic data are being collected for five types of PFASs,
perfluorooctanoic acids (PFOA), perfluorooctanesulfonate (PFOS),
perfluorohexanesulfonate (PFHxS), perfluorobutanoic acid (PFBA), and
perfluorobutanesulfonate (PFBS), and several types of activated carbon.
Results to date indicate that most of the carbon sources that have been
evaluated have a high sorption capacity for the PFASs, with greater
sorption of the higher carbon chain compounds, as anticipated. Ongoing
work is evaluating the impact of groundwater chemistry (pH, dissolved
solids, and natural organic matter) and the presence of common cocontaminants on sorption parameters. Existing research evaluating the
oxidative treatment effectiveness of PFASs is limited. Phase 2 of research
to date has focused on treatment of PFASs by alkaline pH activated persulfate, heat activated persulfate, and dual oxidation (combined H2O2
and persulfate). Results demonstrated higher oxidation efficiency for
heat-activated persulfate, with apparent stepwise decomposition of longchain PFASs to short-chain PFASs. Preliminary results for the oxidation
of PFASs sorbed onto activated carbon, the combined treatment, show
that the remedy is possible, but likely controlled by the rate of desorption
of the compounds from the carbon.
78 Analysis of PFAAs in Water using Differential Mobility
Spectrometry-Mass Spectrometry
K.C. Hyland, Sciex Environmental Food and Beverage / Civil and
Environmental Engineering; M. Noestheden, Sciex / Environmental
Food and Beverage; S. Roberts, Duke Univ / Civil and Environmental
Engineering; C.P. Higgins, Colorado School of Mines / Civil Environmental
Engineering
The analysis of perfluoroalkyl acids (PFAAs) continues to be a topic of
significant interest to testing labs and regulatory agencies. Industrial
and regulatory trends have precipitated a push toward the analysis of
smaller chain PFAAs, as they may represent an important group of
perfluorinated contaminants in aqueous environments (e.g., groundwater
or reclaimed water). However, short chain PFAAs may also be the most
analytically challenging, as they are poorly retained under the reversephase chromatographic conditions typically used for such analyses. This
work approaches the challenge of rapid, routine analysis of short- and
mid-chain PFAAs (C3 – C10) using differential mobility spectrometry-mass spectrometry (DMS-MS) to achieve selective and sensitive
quantitation of PFAA congeners. The quantitation of PFAAs in infused
aqueous samples has been achieved using sample run times of less than
two minutes. Data from a variety of environmental samples will be presented demonstrating the utility of this approach as both a screening and
routine quantitative analytical method.

79 Assessing the Environmental Hazards of and Exposure to Longoverlooked Perfluoroalkyl Phosphonic and Phosphinic Acids (PFPAs
and PFPiAs)
Z. Wang, Swiss Federal institute of Technology / Inst for Chemical and
Bioengeneering; I. Cousins, Stockholm Univ / Dept of Environmental
Science and Analytical Chemistry ACES; K. Hungerbuehler, ETH Zurich /
Inst for Chemical and Bioengineering; M. Scheringer, ETH Zurich / Inst of
Sustainable and Environmental Chemistry
Per- and polyfluoroalkyl substances (PFASs) are a large family of
industrial chemicals that have been widely used in various industrial and
commercial applications since the 1950s. For over a decade, perfluoroalkyl carboxylic acids (PFCAs), perfluoroalkane sulfonic acids (PFSAs)
and their major precursors derived from perfluoalkane sulfonyl fluorides
(PASFs) and fluorotelomer raw materials have attracted most attention among PFASs. In particular, numerous studies and control actions
have been conducted to understand and reduce the risks associated with
exposure to long-chain PFCAs, PFSAs and their major precursors.
However, recent studies show that wildlife and humans are exposed to a
wide range of unidentified organofluorines other than PFCAs, PFSAs
and their major precursors. Among others, perfluoroalkyl phosphonic
and phosphinic acids (PFPAs and PFPiAs) were detected at elevated
levels in various matrices (e.g., surface waters, drinking water, indoor
dust, bentic worms and human sera) in several countries. It is noted
that some PFPAs and PFPiAs have been used as defoamers in certain
pesticide formulations for decades, whereas some other homologues were
recently developed as replacements for long-chain PFCAs and PFSAs.
In this study, our goal is to assess if PFPAs and PFPiAs are similarly
problematic to the environment and human health as their carboxylic
and sulfonic analogues and to highlight critical information gaps in need
of future research. In brief, we systematically evaluate public information
on PFPAs and PFPiAs regarding their [i] production and use, [ii] physicochemical and hazardous properties, and [iii] environmental occurrence
and exposure. A preliminary assessment reveals evidence for concern,
despite uncertainties due to limited data. PFPAs are likely to be similarly
persistent to PFCAs and PFSAs, whereas PFPiAs can break down
and form PFPAs and fluoroforms (precursors of PFCAs) under some
conditions. In addition, some PFPA and PFPiA homologues are likely
similarly bioaccumulative to PFOA and PFOS in mammals and bioaccumulate via the same mechanisms. Furthermore, mixtures of PFPAs
and PFPiAs exhibited much higher toxicity to aquatic species than
PFOA and PFOS, but may have modes-of-action different from that of
PFCAs and PFSAs. Currently, further refinement of the environmental
hazard assessment and an exposure assessment is underway.
80 Serum Perfluoroalkyl Substances Concentration in South Korean
Infant with Congenital Hypothyroidism
D. Kim, Pusan National Univ / Dept of Civil and Environmental
Engineering; U. Kim, Pusan National Univ / Center for Environment; J.
Oh, Pusan National Univ / Dept of Civil and Environmental Engineering
Perfluoroalkyl substances (PFASs) have widely used in various industries
and products for the past 50 years and regarded as potential endocrine
disrupter that may interfere with the endocrine system of the thyroid
function. Also it is reported that some PFASs cross the placental barrier during pregnancy and enter the fetus so PFASs can affect thyroid
disruption in fetus body and onset of thyroid diseases. However, no
strong evidence or studies about the effects of PFASs on thyroid were
shown and researches regarding infant are very limited. Therefore, the
objective of present study was to investigate the exposure level of PFASs
and their correlation with thyroid hormones by analyzing 16 PFASs in
the serum of 28 newborn infants with congenital hypothyroidism, one of
the thyroid disease which are a condition of thyroid hormone deficiency
present at birth, and 13 newborn normal infants in South Korea. Across
all 41 serum samples, the total PFASs concentrations were 2.44 ~ 44.7
ng/mL and the mean was 14.8 ng/mL. The total PFAS exposure levels
of normal infant were 2.44 ~ 22.4 ng/mL (mean: 9.97 ng/mL). In case of
congenital hypothyroidism infant, total PFASs concentrations in serum
samples were 2.63 ~ 44.7 ng/mL (mean: 17.0 ng/mL). Compared to
results of normal and patient infant, levels of dominant PFASs in patient
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infants were higher than normal infant’s exposure level and especially,
there was a big difference of perfluorooctanoic acid (PFOA) concentration between two infant groups. To find out the statistically differences
of PFASs exposure level between normal and patient infant groups,
Mann-Whitney test was performed. As a result, the serum perfluorocarboxylic acids (PFCAs) such as PFOA (p < 0.001), perfluorononanoic acid
(PFNA, p < 0.001), perfluorodecanoic acid (PFDA, p < 0.005), perfluoroundecanoic acid (PFUnDA, p < 0.005) and total PFASs (p < 0.005)
concentration in patient infants were significantly higher than normal
group. In light of these results, it can be suggested that the exposure of
PFCAs, especially PFOA, are related with hypothyroidism. However,
there were no significant correlations between thyroid hormones and
PFASs in infants (p > 0.05). To our knowledge, this is the first study
reporting the PFASs exposure level in congenital hypothyroidism infants
and compared PFASs concentration in normal and congenital hypothyroidism infant so this study will contribute to assess the potential adverse
effect of PFASs on fetus and infant’s health.

Plant Contaminant Interactions
81 Patterns of Radiolabelled Selenium Accumulation, Translocation
and Speciation in Selected Plants for Phytoremediation and
Biofortification
D.G. Vinod, Univ of Technology, Sydney / Life Sciences; T. Cresswell,
ANSTO Inst for Environmental Research / Inst for Environmental
Research; P. Callaghan, ANSTO / Life Sciences; L. Defilippis, Univ of
Technology Sydney / School of Life Sciences
Selenium has emerged as a contaminant in terrestrial and aquatic
environments in many regions around the world as a result of mining.
Extensive research has concluded that selenium is an essential micronutrient to humans, animals and some microorganisms but to date limited
research has been conducted to determine the essentiality of selenium to
higher plants with respect to selenium translocation and accumulation on
a molecular level. We investigated 1) the effects of radioactively labeled
selenite and selenate concentrations on patterns of translocation of the
selenium salts by whole plant autoradiography, 2) the amount of the 75Se
accumulated in DNA, RNA, lipids, carbohydrates, and various classes of
proteins and 3) possible Se loss by volatilization and biological transformation in growing plants. The plants, Brassica rapa ‘Vitamin Greens’
and Helianthus annus ‘Dwarf Sunflower’ were grown in tissue culture
growth media and harvested after 21 days of exposure to an increasing range of concentrations of selenite and selenate salts of 5-50µM
and 10-100µM respectively, after which sub-lethal concentrations were
selected. The sub-lethal concentrations were 20µM of each selenium salt
for Brassica rapa and 25µM of each selenium salt for Helianthus annus.
Autoradiography displayed 75Se translocation within these plants in
the leaves, stems and roots and accumulated in the aerial portions of the
plants. The patterns of translocation coupled with fractionation studies
will assist in the seleno-protein studies at a later stage to determine if
selenium is incorporated into the proteins of these plants. The patterns of
selenium translocation, its accumulation and possible phytovolatilization
in plants have implications on their suitability as tools for phytoremediation and biofortification.
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82 Ion selectivity and isotope effects during plant uptake and accumulation of perchlorate and nitrate
N.L. Estrada, Texas Tech Univ / Civil Environmental and Construction
Engineering; J.K. Böhlke, USGS / National Research Program; N.
Sturchio, Univ of Delaware / Dept of Geological Sciences; B. Gu, Oak Ridge
National Laboratory / Environmental Sciences Division; G.J. Harvey,
ASCENVR; K.O. Burkey, USDA / Agricultural Research Service / Plant
Science Research Unit; D.A. Grantz, Univ of California Riverside / Dept
of Botany and Plant Sciences; M.T. McGrath, Cornell Univ / Long Island
Horticultural Research and Extension Center; T. Anderson, Texas Tech
Univ / Environmental Toxicology; B. Rao, Texas Tech Univ / Deparment
of Civil Environmental and Construction Engineering; R. Sevanthi, W.A.
Jackson, Texas Tech Univ / Dept of Civil Environmental and Construction
Engineering
Variations in natural ClO4- isotopic compositions suggests that ClO4formation in nature may be the result of different formation pathways
and/or fractionation effects due to post-depositional processes. It is
well-known that plants accumulate ClO4-, thus a post-depositional
process capable of altering ClO4- isotopic composition could be plant
uptake and metabolism. We examined the potential for snap beans
(Phaseolus vulgaris L.), grown hydroponically in varying concentrations of
ClO4- with both normal and anomalous O and Cl isotopic abundances,
to alter the isotopic composition of ClO4- (δ37Cl, δ18O, and ∆17O).
Fate of ClO4- was compared with that of NO3-and Cl-. In treatments
with plants, the majority of initial mass of ClO4- was recovered in the
growth solutions (20-40%) or plant compartments (40-60%), while some
mass was not recovered (~20%). Transport of ClO4- into plant tissue
was considered both passive and active as anion ratios indicated similar
and preferential accumulation of ClO4- and NO3- compared to that of
Cl- (~4X). ClO4- isotopic compositions between initial ClO4- source,
ClO4- in hydroponic solutions, and recovered ClO4- in plant tissue were
essentially unvarying. NO3- uptake also had little or no isotope effect
on NO3- in growth solutions, but a large fractionation effect (10-20‰),
with a ε(15N/18O) ratio of ~1, was observed between NO3- isotopic
compositions of the growth solution and leaf extracts, an effect attributed to partial NO3- reduction during assimilation by plant tissue. For
comparison with the lab results, an additional experiment was conducted
to analyze the isotopic composition of commercially grown spinach. The
ClO4- isotopic composition of commercial spinach was consistent with
ClO4- values reported for ClO4- in soils and groundwaters of West
Texas and New Mexico, possibly indicating the source of ClO4- in spinach to be similar to that of indigenous ClO4- detected in the southern
high plains region of the western United States.
83 Bioaccumulation Behavior of Ionogenic Organic Contaminants in
Wetland Plants: Results of a controlled mesocosm study
Y. Wang, National Univ of Singapore / Dept of Civil and Environmental
Engineering; B.C. Kelly, National Univ of Singapore / Civil Environmental
Engineering
Urban wastewater can exhibit relatively high concentrations of pharmaceutical and personal care products (PPCPs) and perfluorinated
compounds (PFCs). Wastewater treatment plants (WWTPs) are often
not able to fully remove PPCPs and PFCs, thus emission rates of these
compounds into surface waters can be substantial. Technologies to
remove these chemicals discharged into receiving waters like ozonation,
reverse osmosis, and advanced oxidation processes can lower the level of
pharmaceuticals but are extremely expensive. There is a growing interest
in using constructed wetlands (CWs) as a low impact and economical
alternative to treat contaminated waters. CWs remove contaminants
through a series of complex physical, chemical and microbial interactions
which involves a variety of processes including biodegradation, sorption,
sedimentation, microbial and plant uptake. Though CWs have potential
to remove chemical contaminants, the mechanisms involved are not
well understood. In the present study, several mesocosm-scale CWs of
different configurations were designed and tested to assess their removal
ability of some PPCPs and PFCs of interest. The CWs differ in some
design parameters, namely the presence or absence of plants, their species
(Thypha augustifolia vs Phragmites australis) and the presence or absence
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of soil matrix. The different CW mesocosm were assessed in terms of
contaminant mass removal. The bioaccumulation behavior of the several
PPCPs and PFCs was assessed in the different mesocosms, including
determination of uptake and elimination rate constants (ku, ke), bioconcentration factors (BCFs), translocation factors (TFs) and half-lives (t1/2)
in plant roots and leaves. In general, the presence of plants enhanced the
removal of PPCPs and PFCS, resulting in lower effluent concentrations
compared to influent concentrations. The influence of mesocosm design
and physical-chemical properties on bioaccumulation phytoremediation
potential will be presented and discussed.
84 The Role of Dissipation Processes in Plants for Modeling
Bioaccumulation
P. Fantke, Technical Univ of Denmark / Quantitative Sustainability
Assessment Division; S. Trapp, Technical Univ of Denmark / DTU
Environment; J.A. Arnot, ARC Arnot Research & Consulting / Dept of
Physical Environmental Science; W.J. Doucette, Utah State Univ / Utah
Water Research Laboratory
Plant bioaccumulation estimates used in exposure, risk and impact
assessments; phytoremediation; and biomonitoring rely on a combination of experimental data and models. Dissipation processes, such as
degradation, volatilization, and growth dilution, are known to be major
contributors to plant bioaccumulation model uncertainty. Unfortunately,
while overall dissipation half-lives are often determined in pesticide fate
studies and models exist to predict overall dissipation, empirical data
describing the individual dissipation processes, the necessary input for
most mechanistic plant bioaccumulation models, are scarce. In particular, while degradation rates are thought to be the major dissipation
mechanism in many cases, such data are extremely difficult to measure
directly. In a case study using 42 pesticides we estimated the volatilization and growth dilution components of overall plant dissipation. From
comparing our estimates with measured dissipation we calculated that
degradation accounts for between 30% and 83% of the total dissipation
from plants. Overall, our results suggest that degradation is the most
important plant dissipation processes followed by growth dilution. These
processes, critical input for designing and calibrating models, depend
on a wide range of chemical, plant and environmental characteristics
that are not often reported in current plant bioaccumulation testing
studies. To address uncertainty in plant bioaccumulation knowledge
and modeling we recommend harmonizing and updating current plant
bioaccumulation testing guidelines to require the reporting of additional
measured data related to plant characteristics (e.g., plant stage and leaf
area), environmental field test conditions (e.g., soil organic carbon content, air temperature), and detailed application data (e.g., treated plant
components, application dates and duration). We further recommend
developing targeted models for an improved prediction of individual
processes contributing to overall plant dissipation – most importantly
biodegradation – as a function of chemical properties, plant species characteristics, application and environmental conditions.
85 Fate and Metabolism of 2,4-Dinitroanisole in Willow Trees
H. Schroer, Y. Wang, The Univ of Iowa / Civil and Environmental
Engineering; X. Li, H. Joachim-Lehmler, The Univ of Iowa / Occupational
and Environmental Health; C. Just, The Univ of Iowa / Civil and
Environmental Engineering
The environmental fate of 2,4-dinitroanisole (DNAN), a component
of new insensitive munitions explosives (IMX), is an emerging global
issue. The new IMX formulations are replacing old formulations at a
rapid pace, but the environmental fate and ecosystem toxicity of IMX
components remains largely unknown. DNAN and other nitroaromatics
have been shown to cause harm to human health and ecosystems which
makes widespread use of DNAN concerning. Full-scale remediation will
be necessary for military testing sites and ammunitions manufacturing
plants around the world as more countries adopt the new IMX formulations and the compounds are inevitably released. Therefore, knowledge
regarding the fate of DNAN within natural systems is needed to
characterize ecosystem risk and inform future phytoremediation efforts.
The research presented is what we believe to be the first comprehensive

study of 2,4-dinitroanisole transformation in a plant system. Data will
be shared on the fate of DNAN in willow trees, including bulk partitioning to roots, stems and leaves resulting from 14C-labeled DNAN
studies. Furthermore, the metabolic fate of DNAN was examined
using 13C-DNAN and 15N-DNAN stable isotope analysis. Suspected
DNAN metabolites were identified and confirmed with liquid chromatography tandem mass spectrometry. Similar to other studies on
biological systems, metabolites such as 2-amino-4-nitroanisole have been
confirmed in willow and other metabolites are being confirmed. A full
metabolic profile and suspected pathways will be presented. Implications
for the environment and full-scale phytoremediation will be offered.
86 Mixture Effects on Uptake of Pharmaceuticals and Personal Care
Products by Arabidopsis thaliana
S.L. Nason, Univ of Wisconsin - Madison / Environmental Chemistry and
Technology Program; E.L. Miller, Univ of Wisconsin - Madison / Molecular
and Environmental Toxicology Center; K. Karthikeyan, Univ of Wisconsin Madison / Biological Systems Engineering; J.A. Pedersen, Univ of Wisconsin
Municipal wastewater treatment plant effluents typically contain a variety of pharmaceutical and personal care product ingredients (PPCPs).
In arid and semi-arid areas worldwide, reclaimed wastewater (RWW) is
often used to irrigate crops, resulting in exposure of the plants to PPCPs.
Crops irrigated with RWW may take up PPCPs through their roots.
However, the extent of their bioaccumulation in food crops is not well
understood. Plants may respond to PPCPs in a concentration-dependent
manner that affects their uptake, and some PPCPs may exert toxicity on
plants. In the field, plants are exposed to complex mixtures of PPCPs,
but to our knowledge, the effects of mixtures on PPCP uptake have not
been evaluated. We exposed the model plant Arabidopsis thaliana to a
mixture of 18 PPCPs commonly found in RWW and measured uptake
into leaves and roots. A. thaliana was selected because it matures rapidly,
its genome has been fully sequenced, and a variety of mutants are available. We found that all 18 compounds were taken up to some extent.
However, the plants exposed to the PPCP mixture showed evidence of
toxicity including lower leaf and root mass along with small amounts of
wilting and leaf discoloration. Using root elongation assays, we determined the compounds in our mixture that have the largest phytotoxic
effect on A. thaliana. We repeated the uptake experiments at two
exposure concentrations and directly compared PPCP uptake into plants
grown with and without exposure to the most toxic PPCPs. Results from
these experiments will be presented.
87 Tree Diameter and Rooting Morphology Impacts on
Phytoscreening for Vapor Intrusion Potential
J. Wilson, USGS Missouri S&T / Missouri Water Science Center; M.
Limmer, Missouri Univ of Science and Technology / Civil Architectural
and Environmental Engineering; J. Schumacher, USGS / Missouri Water
Science Center; J.G. Burken, Missouri Univ of Science and Technology / Civil
Architectural and Environmental
Trees are masters of mass transfer, intimately interacting with surrounding soil, water, and vapor. Their inherent ability to collect spatially
and temporally composited samples suggests trees are good surrogate
candidates for vapor intrusion risk. Phytoforensics has been shown to
be a cost- and time-effective tool in qualitatively delineating groundwater contaminant plumes as contaminants translocate into trees from
groundwater the vapor phase in the vadose zone; however, little is known
about how tree characteristics (such as tree species, size, and age) affect
sampling results. Considerable unknowns include the subsurface volume
sampled by plants and plant responsiveness to subsurface contaminant
changes. To investigate how tree diameter affects tree contaminant
concentrations, tree coring was used at a Superfund site contaminated
primarily with perchloroethylene (PCE) in Missouri. As part of treecore and soil sampling, over 300 tree-core samples and about 900 soil
samples were collected over 7 and 35 days, respectively. Paired samples,
which consist of tree cores from pairs of large- and small-diameter trees
in close proximity, were collected from 18 tree pairs. Phytoforensics was
about 5 times quicker than soil sampling, about an order of magnitude
less expensive, and encompasses a larger environmental volume with
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each sample. Phytoforensics also improved pollutant delineations by
accurately indicating the presence of two PCE “hotspots” shown by traditional soil samples along with a third hotspot that would not have been
found without sampling the trees. Paired study results indicate that, even
after diffusive loss adjustments, PCE concentrations were significantly
lower in smaller-diameter trees than in large-diameter trees, suggesting differences in subsurface sampling characteristics (e.g., subsurface
sampling volume).
88 Tree Properties Influence on in-planta Contaminant
Concentrations at Field Sites
M.A. Limmer, Missouri Univ of Science and Technology; J.G. Burken,
Missouri Univ of Science and Technology / Civil Architectural and
Environmental; V. Samaranayake, Missouri Univ of Science and Technology
In phytoscreening and phytoremediation of organic contaminants, the
effect of tree properties has been long debated. In phytoscreening, differences between tree genera can reduce accuracy resulting from differences
in tree response to subsurface contamination. In phytoremediation,
differences in contaminant uptake between tree genera affect system
efficacy. Here, we report on volatile organic compound (VOC) concentrations measured in approximately 2,000 trees at 39 contaminated
sites. Tree samples were taken via traditional tree coring and analyzed
using in vitro solid-phase microextraction (SPME). The accuracy of
the analytical approach was assessed by examining the potential for
competitive sorption between target analytes and other VOCs present
in wood. Contaminants measured in trees at field sites included several
chlorinated solvents and aromatic hydrocarbons such as benzene. The
effects of tree diameter, tree genus and wood type on tree contaminant
concentrations were assessed. Of the contaminants encountered, only
perchloroethylene (PCE) was significantly affected by these tree properties. However, the importance of these effects was small, as a regression
model built upon these effects explained little variance in tree PCE concentrations (adjusted R2 = 0.031). However, contaminant properties were
correlated with contaminant concentrations measured in trees. Quantile
regression demonstrated that 90th quantile tree VOC concentrations
were significantly reduced by increased hydrophobicity and increased
Henry’s constant. These findings suggest that subsurface contaminant
concentrations dominate tree contaminant concentrations, regardless of
tree properties such as diameter, wood type and tree genus.

Fostering Tripartite Research: Perspectives,
Opinions and New Approaches
89 Strengthening Science-based Cooperation
G. Arts, Alterra Wageningen Univ and Research Centre / Environmental
Risk Assessment
The mission of SETAC is to enhance environmental quality through
science. The SETAC (Society of Environmental Toxicology and
Chemistry) organization is based on a tripartite structure, which means
that different stakeholders belonging to academia, business, and regulatory communities have to be equally represented in all types of SETAC
platforms and scientific events, such as workshops and steering committees, as well as in SETAC governance bodies such as the SETAC
Europe Council. This tripartite structure centers around science and is
characterized by a multidisciplinary approach. The focus on science and
the scientific discourse and dialogue provides us with scientific solutions
to environmental challenges. Within the SETAC organization, advisory
groups form an important scientific basis and provide a platform for
discussions and collaboration on specific topics in science and regulation.
In practice, advisory groups function as expert groups. They are open to
any interested scientist or student. Participation by students and young
professionals is very important and needs to be stimulated and promoted.
The scientific role of advisory groups might be enhanced, and here we
find a potential for use within the SETAC organization – e.g., as the
platform where new topics are addressed – and for use externally in providing scientifically balanced and stakeholder balanced expert opinions
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and advice. Advisory groups might also function as an umbrella organization for technical working groups, where specific topics are elaborated
scientifically or worked out in workshops or special symposia. In addition
to strengthening the society’s internal organizational and scientific basis,
we also need to reach out to other societies, disciplines, networks, and
groups, to strengthen scientific cooperation and multidisciplinarity. This
engagement with other disciplines and scientific societies is one of my
goals for the coming year, and I would like to reach out in particular to
ecological societies.
90 Sustaining the SETAC Brand: Experiences with SETAC’s Public
Outreach Policy
J.P. Staveley, Exponent; T. Augspurger, US Fish and Wildlife Service /
Ecological Services; P.D. Guiney, S.C. Johnson & Son, Inc. / Molecular and
Environmental Toxicology Center
SETAC was founded on the principles of tripartite representation,
and this is a major facet of the SETAC “brand” which is unique among
professional scientific societies. The need to represent all membership
sectors – academia, government, and industry – can make it complicated
to develop a “SETAC science statement.” In response to a desire among
SETAC members to contribute to the public dialog on environmental issues, a Standard Operating Procedure (SOP) was developed and
approved by the SETAC World Council in 2008. The SOP establishes
the principles and procedures for SETAC to review and approve public
announcements by SETAC, its subsidiary groups (for example, advisory
groups), or by SETAC members proposing to speak on behalf of the
Society. Adhering to this SOP, which includes a number of levels of
review, while providing timely input on environmental issues, has been
complicated. The goal of this SOP is not to guarantee complete agreement, but rather ensure a process to convey what we clearly agree upon
and, after an inclusive debate, also speak to issues for which there is not
consensus. Our hope is that improved communication gives our scientists and the general public a shared understanding of the facts. Goals
and anticipated outcomes will inevitably vary widely among SETAC
scientists and institutions but effective outreach should be less about
building consensus on controversies and more about building capacity, fostering mutual trust, and achieving a shared understanding of the
applicable science. Some examples are provided to illustrate the pros and
cons of the SOP, including statements by the Pharmaceuticals Advisory
Group on issues under consideration by SAICM (Strategic Approach
to International Chemicals Management), by the steering committee of
the Focused Topic Meeting on Endocrine Disruptors, and by the Toxic
Substances Control Act (TSCA) Reform Dialog Group on the TSCA
Modernization Act. These examples illustrate both the challenges and
opportunities faced by SETAC in developing public outreach statements while at the same time “sustaining the brand,” and may point to an
improved process. With the recent SETAC North America Long Range
Plan core challenge to “amplify the impact of science and its applications on
environmental decision-making” this discussion and optimization of how
we bring our expertise and science to the public and decision makers is
timely and important.
91 Building Environmental Programming through Tripartite
Representation: Successes and Challenges
W.L. Goodfellow, Exponent, Inc. / Biological and Ecological Sciences; J.P.
Staveley, Exponent; R.S. Wentsel, Exponent / Ecological and Biological
Sciences Practice; T. Canfield, USEPA / ORD NRMRL GWERD; K.J.
Maier, East Tennessee State Univ / Dept of Environmental Health
The founding members of SETAC envisioned a professional society that
presents programming that assess, debates and resolves complex environmental issues through the lens of tripartite involvement. One of the core
practices of SETAC is we have as a founding principle that all committees, workshops, meetings, etc. are arranged in such a way to have voices
heard from the regulatory, regulated and academic perspectives. This
strategy and the methods that SETAC employs appears to be unique
when compared against many other professional societies, sometimes
replicated, but seldom with the success achieved by SETAC. The authors
will present our over three decades of experience in leadership positions
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in SETAC both at the programming and governance level in building
and achieving our corner stone founding principle. Case examples of
SETAC successes such as Pellston and other workshops, Whole Effluent
Toxicity (WET) training and white papers, metals research and the
biotic ligand model, the first Focus Topic meeting on the Gulf of Mexico
oil spill, and our annual meetings will be presented. These examples will
explore the challenges in creating the tripartite programming voice, the
compromises necessary to achieve this goal without the programming
suffering, and how to facilitate these voices in such a way as to be close
to equal and not dominated by any one sector. Finally, the case examples
will present strategies to address what is often the greatest limitation to
tripartite involvement, how to make sure we are timely in our dialogue
but not adversely rush the process.
92 Experiences with Multi-sector Research Collaboration: An
Industry View
L.S. Ortego, T. Hall, Bayer CropScience / Environmental Toxicology and
Risk Assessment
Government and university collaboration with the private sector are
quite common and are often born of a need which another sector is
uniquely positioned to fill. The extent of multi-sector collaboration (e.g.,
research projects, expert review panels, etc.) can vary by industry, company, topic, and geography. Even within a single company, the amount of
collaborative projects can vary by Dept and geography. For example, in
Bayer’s experience, our Agronomic Development group initiates projects
with universities to assess the efficacy of products on a general basis,
however Environmental Safety may do fewer research projects with universities (the degree to which GLP compliance is a necessity may partly
be the cause). It is important to note that not all of this collaboration is
initiated by industry, for example, it is not infrequent to have requests for
test material and/or assistance with analytical test methods. There are
important factors to consider when contemplating a multi-sector project
such as, how to establish trust, , who will be the investigative team, what
are the goals, objectives and/or milestones, who reviews the protocols/
study plans, does the study need to be conducted under Good Laboratory
Practice, what level of confidentiality must be maintained, what is the
funding mechanism, who owns the data, is there a plan to publish the
results? The objective of this presentation is to highlight areas of collaboration, and discuss the successes and challenges of working in this
environment, discuss the unique situation of setting up government collaboration and how to further nurture multi-sector collaboration going
forward. Recent examples including an herbicide biomonitoring study
and a sediment field study will be used to discuss the points above.
93 Fostering tripartite research: Success stories from Europe
V. Forbes, Univ of Minnesota / Ecology Evolution Behavior; V. Grimm,
Helmholtz Centre for Environmental Research - UFZ / Dept of Ecological
Modeling; U. Hommen, Fraunhofer IME
Assessing the risks of chemicals to human health and ecological systems
involves a variety of stakeholders having different perspectives and
concerns. As a result, conflicts can arise and consensus can be difficult
to achieve. Continuing to improve the scientific basis of risk assessments
is more likely to happen when regulators, industry, and academics work
collaboratively toward shared goals. In this presentation I will describe
two recent examples of successful tripartite collaborations. The first is
CREAM – a Marie Curie 7th Framework Initial Training Program
funded by the European Commission from 2009 – 2014 and focused on
developing ecological models for chemical risk assessment. The second
is MODELINK – a SETAC sponsored workshop aimed at providing guidance for when and how to apply mechanistic effect models in
regulatory risk assessments of pesticides under European legislation. I
will highlight the main achievements of these tripartite initiatives and
provide some personal views on why they were successful as well as suggestions for developing similar initiatives in a North American context.

94 Improving Weight of Evidence for Regulatory Decision-Making:
A SETAC Tripartite Perspective
P.D. Guiney, S.C. Johnson & Son, Inc. / Molecular and Environmental
Toxicology Center; S.Z. Cohen, Environmental & Turf Services, Inc.; J.P.
Staveley, Exponent; M.S. Johnson, US Army Public Health Command
Understanding how chemicals behave in the environment and affect ecosystem components, including human health, takes a multidisciplinary
approach. U.S. Congress is currently developing legislation to revise
the 1976 Toxic Substances Control Act (TSCA). SETAC-NA (SNA)
formed the TSCA Reform Dialogue Group (DG) under the auspices of
the Public Outreach Committee to advise Congress. A Congressional
subcommittee requested that SNA provide scientific input and assistance
on the proposed TSCA Modernization Act (TMA). The TSCA DG
reviewed the TMA, with a focus that was limited to selected technical
issue papers. We used the SETAC tripartite process to assemble and
communicate scientific concepts to Congress as part of SNA’s effort
to advise Congress on the revision of the 1976 TSCA. We provided
communication on designated topics critical to the TMA including
how multi-variable toxicity data sets are used to help make decisions or
Weight of Evidence (WoE) approaches. Studies are generally not equally
effective at predicting a chemical’s toxicity to other receptors. Each
provides some unique evidence that may be useful for assessing hazard,
so they should be considered separately as specific lines of evidence
(LoEs). WoE methods assist in taking multiple LoEs and evaluating/
assessing each according to cohesiveness, corroboration, and plausibility
of the data streams. It involves assessing the strengths and weaknesses
of the data through an evaluation of relative uncertainty and potential
for false negative and positive results. The data quality of each LoE is
assessed and weighted based on criteria such as relevance/reliability/
validity, and are integrated in a transparent WoE approach to assist in
decision making and safety determinations. Weighing of evidence in the
hazard assessment allows risk assessors to better estimate the probability
that a chemical could harm environmental receptors. WoE approaches
vary depending upon their selected application. When used for chemical
screening purposes (e.g., the TMA), unique modes of action can help in
extrapolating results between species. The ultimate value of a properly executed WoE for decision-makers is that it allows for an orderly,
consistent and relatively coherent means of arranging and using complex
types of data and condensing an analysis of these data into meaningful
and defensible conclusions. When applied appropriately, WoE allows the
decision-makers to achieve more realistic and implementable decisions.
95 Key cooperations - The influence of Kloas et al. 2009, Toxicological
Sciences 107 on ecological risk assessment of atrazine
K.R. Solomon, Univ of Guelph / School of Environmental Sciences
Tripartite research in the SETAC model is uncommon but can provide
powerful studies that are useful to all stakeholders. An example of this is
the study on the effects of atrazine on development of tadpoles [1]. This
study was conducted at the request of the USEPA Office of Pesticide
Programs (OPP) to address a controversial issue at that time. While the
conduct of the study was a collaboration between industry and academia,
the experimental design was reviewed by the agency and the USEPA
conducted site visits during the study to review progress [2]. The study
was conducted under Good Laboratory Practice guidelines with full
Quality Assurance and Quality Control and the complete and detailed
report was submitted to the Agency but also was published in the peer
reviewed literature [1]. This study was the last of several similar studies
conducted in this species and has not been repeated. The results of this
very robust study were consistent with several but not all of the earlier
studies that assessed the same apical endpoints of survival, growth and
development and led the USEPA to the conclusion that these endpoints
were not affected by atrazine. While the extrapolation of the lack of
effects in this study to other species were criticized at the time, further
studies by others working in different species has failed to show that
this conclusion was incorrect. This collaboration with oversight by OPP
ensured that GLP principles were being followed as well as illuminating the execution of the study with higher levels of scientific enquiry.
This historic study is a model of what can and perhaps should be done
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in the future when challenging questions need to be answered. 1 Kloas
W, Lutz I, Springer T, Krueger H, Wolf J, Holden L, Hosmer A. 2009.
Does atrazine influence larval development and sexual differentiation
in Xenopus laevis? Toxicol Sci 107:376-384. 2 Grim B, Steeger T. 2008.
Collaboration between monitoring authorities, regulatory authorities and
test facilities on GLP principles provides confidence in data quality with
an emphasis on sound science. GLP: an example of a focused effort that
paid off. Ann Ist Super Sanita 44:359-362.
96 The Tripartite Experience in Regulatory Risk Assessment:
Reflections From Over 20 Years as a Consultant
D. Moore, Intrinsik Environmental Sciences, Inc
During the course of my career, I have had many opportunities to work
with academics, government and industry scientists on ecological risk
assessment projects spanning the gamut from single industrial chemicals
and pesticides to large contaminated sites with complex mixtures. In
my experience, it is rare to have a true tripartite working relationship
between the parties. When it happened, the decision-making process
was collaborative and had far less tension than usual in the regulatory arena. The results were also more scientifically defensible and
the entire process more efficient. However, the more common experience, by far, is to have industry and government scientists and decision
makers on “opposite sides of the fence”. Typically, each does their own
assessment, often with academics involved on both sides. As expected,
“dueling assessments” lead to more confrontation and less efficiency in
the decision-making process. Although the situation is not ideal, the
fault typically does not lie with the individuals involved but rather is a
function of legal and policy constraints typical of most environmental
statutes. In recent years in the pesticide arena, government, industry
and academic scientists have found ways to work together on issues such
as pollinator and endangered species assessments. Although not always
a true collaborative working relationship (i.e., there is more talking at
each other rather than working together), it is an improvement over the
more confrontational relationship that existed in the past. Clearly, the
tripartite approach can be beneficial to the regulatory decision-making
process. However, there are many factors that prevent this approach from
being the norm. It takes creative and open-minded individuals from all
parties to make it happen and to make it work.

Environmental or Analytical Chemistry
General – Part 1 Measurements
97 Assessing Human Exposure to Toxic VOCs: Comparison of Smoke
Biomarkers from Blood and Urine Using Data from NHANES
2005-06
J. Rasio, D. Chambers, L. Thornburg, Centers for Disease Control and
Prevention / NCEH; B. Blount, Centers for Disease Control and Prevention
Human biomonitoring studies for exposure assessment of toxic volatile
organic compounds (VOCs) are dependent on consistent and accurate
measurements. Our group has developed two separate high-throughput,
automated analytical methods for assessing human exposure to 47 VOCs
in the United States. In the first method, VOC exposure is determined
by direct analysis of the unchanged compound in whole blood using GC/
MS. In the second method, VOC exposure is determined by analysis
of mercapturic acid metabolites in urine using UHPLC/ESI/MSMS.
The majority of the VOCs we monitor are well studied and have widely
adopted Threshold Limit Values (TLV) for short-term and long-term
exposures, but few VOC biomonitoring studies exist. It is therefore
essential to understand the strengths and weaknesses of biomonitoring data produced by these two different analytical methods to better
interpret results and, ultimately, to better assess population exposure and
risk. Here we analyzed the blood VOC and urinary VOC metabolite
data from participants in the 2005-06 cycle of the National Health and
Nutrition Examination Survey (NHANES). Both methods produce
precise and accurate VOC biomonitoring data, but for both methods
we find that the performance of biomarkers for exposure assessment
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depends on two different factors: physiological processes and method
performance. At the physiological level, the different pharmacokinetics
for VOCs can affect the time frame for positive post-exposure measurements. At the instrument (method) level, certain physical properties of
the analytes influence the detectability of the compounds. The sensitivity
and specificity of VOC biomarkers were compared by analysis of receiver
operating characteristic (ROC) curves. We focused the ROC analysis
on 31 known or suspected smoke biomarkers because of the simplicity
in stratifying the population into positive and negative exposure groups
(i.e., daily smokers and non-smokers). When more than one metabolite
exists for a specific VOC, we found that some metabolites are much
better biomarkers than others. In addition, non-reactive VOCs generally had higher specificity and sensitivity when measured in whole blood
using the GC/MS method compared to the urinary metabolite method.
However, urinary metabolite analysis involves a much less invasive collection method not requiring hermetic sample collection and was found
better suited for the analysis of VOCs that are unstable in blood.
98 Internal exposure levels of halogenated persistent organic pollutants (Hal-POPs) in children with and without asthma- A case-control
study
M. Ge, Shanghai Jiaotong Univ / Public Health; F. Yan, W.X. Meng, W.
Yan, Shanghai Jiaotong Univ / Dept of Public Health Sciences
In this study, three categories of Hal-POPs in serum samples from
asthmatic and non-asthmatic children were determined; Potential associations between internal exposure to Hal-POPs and childhood asthma
were analyzed. 124 pooled serum samples from asthmatic children (3-6
years of age) and 109 matched controls were collected and analyzed for
profiles of Polybrominated diphenyl ethers (PBDEs), Polychlorinated
biphenyls (PCBs) and Organochlorine pesticides (OCPs). Extraction
of compounds was conducted through the SPE method and further
purification was by silica column chromatography. Concentrations were
determined by GC-MS (or GC-µECD) and adjusted by lipid contents.
Differences of internal exposure levels and potential association between
Hal-POPs exposure and onset of childhood asthma were examined by
statistical methods. A total of 52 targeted compounds were analyzed
in serum samples, while 47 were detected with various detection rates.
OCPs were the most abundant contaminants, followed by PCBs and
PBDEs. Significant differences existed on several Hal-POPs between
cases and controls. 6 PBDEs, 25 PCBs and 7 OCPs showed higher
internal levels in the asthmatic children. BDE-153 was the major BDE
congener in case group (20.27 ± 4.8 ng/g lipid), accounting for 66% of
total PBDEs. While the content ratio was just 2% in controls (0.086
± 0.06 ng/g lipid). β-HCH and p,p’-DDE, the predominant OCPs in
Chinese environment, had concentrations of 109.273 ± 13.61 (20% of
total OCPs) and 180.18 ± 29.58 ng/g lipid (34% of total OCPs), respectively. PCB-8, the lower chlorinated PCB, was the major congener in
both of the two groups. In the meantime, odds ratios (ORs) calculation
showed that positive associations existed between exposure to a number
of Hal-POPs and asthma (OR > 1, 95%CI; p < 0.05). Internal exposure
to Hal-POPs might be risk factors of childhood asthma. Efforts should
be made on further mechanism investigations.
99 Arsenic Speciation in Sediment and Seafood from OilfieldContaminated U.S. Gulf Coast Ecosystems
K. Webb, G.C. Barbee, West Texas A&M Univ / Life Earth and
Environmental Sciences
Arsenic is ubiquitous in the environment from both natural and anthropogenic sources. Seafood ingestion is a major anthropogenic source of
arsenic exposure. This is especially true for U.S. Gulf Coast populations, where the seafood consumption rate is higher than the rest of the
nation. Some Louisiana subsistence residents have reported seafood
consumption rates up to 65 g/day, more than three times the national
average consumption rate of 20 g/day. Since arsenic toxicity is highly
dependent upon species and physicochemical properties, there is a need
to accurately determine the arsenic species present in marine ecosystems
of subsistence fishing communities. The inorganic arsenites (As III) and
arsenates (As V) are known to be highly toxic and carcinogenic. Two
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organic arsenicals, arsenobetaine (AsB) and arsenosugars, thought to be
relatively non-toxic, are the species primarily found in seafood. Previous
research has shown that arsenosugars are metabolized by humans into
toxic species such as trimethylarsinic oxide (TMAO), dimethylarsinolyethanol (DMAE), and dimethylarsinic acid (DMA V). It is important
for both human and ecological health risk assessment to determine how
arsenicals behave and metabolize in the food chain. Arsenic bioaccumulation is dependent upon the organism, its trophic level, and ecosystem,
(i.e., marine, freshwater, estuarine). The goal of this study is to determine
the arsenic species present in sediment and seafood, the uptake and
bioaccumulation potential of these arsenic species in seafood from sediments, and how metabolic processes impact arsenic speciation and the
transfer of arsenic within the food chain.
100 Harmful metal pollution in roof deposit materials caused by air
transportation
H. Ozaki, Tokyo Univ of Agriculture and Technology / Center for Higher
Educational Development; Z. Wang, Tokyo Univ of Agriculture and
Technology, Southwest Jiaotong Univ / Dept of Environmental Science
on Biosphere Faculty of Geosciences and Environmental Engineering;
I. Watanabe, Tokyo Univ of Agriculture and Technology / Dept of
Environmental Science on Biosphere
Part of small-sized airplanes and helicopters are even now operated by
leaded fuels (Avagas). It is estimated that half of domestic Pb emission
is attributed to Avagas in USA (USEPA, 2010). Fuel consumption, tire
abrasion and degrading metal parts might be more severe than vehicles
and rails. However, state of contamination associated with aircrafts
is not clearly understood. Therefore, we aim to elucidate a pollution
state caused by aviation. Narita, Haneda and Kansai were chosen as
main airports and Yamagata, Shonai, Sendai and Matsumoto were as
local ones in Japan. Deposited materials (sand, dust, and so on) have
been collected using plastic brush from the viewing deck at the roof of
terminal building and street in front of the departure floor since 2001,
and mainly between July and November 2014. A fraction less than 0.2
mm of the dried samples was digested with HNO3, HClO4 and HF
and then 7Li, 9Be, 23Na, 24Mg, 27Al, 39K, 43Ca, 51V, 52Cr, 55Mn,
57Fe, 59Co, 60Ni, 63Cu, 66Zn, 71Ga, 75As, 82Se, 85Rb, 88Sr, 95Mo,
111Cd, 115In, 118Sn, 121Sb, 133Cs, 137Ba, 195Pt, 205Tl, 208Pb and
209Bi concentrations were determined by ICP-MS (Agilent 7500a) and
Ag by AAS (Hitachi Z-5310). Mercury (Hg) was separately extracted
with 6 mol/L HCl and analyzed by CV-AAS (Hiranuma HG-400).
Zinc, Cd, In, Sb and Bi levels in the roof deposit in the 3 main airports were indicated to be “severely contaminated” due to their high
Al-normalized enrichment factors (>40). Those of In showed “strongly to
severely contaminated” and those of Cu, As, Mo, Sn and Pb suggested
“moderately to severely contaminated” for the 3 airports. Concentrations
of the hazardous elements except Sb in the roof deposit were significantly
higher than those of street dust collected in front of the departure floor
at the 3 airports and roof deposit obtained from non-airport building
in Tokyo (Mann–Whitney U test, p< 0.05). The local airports showed
lower concentrations than the main ones but elevated level than the roof
deposit from non-airport buildings. Significant correlation was observed
between operation frequency and Cr, Fe, Co, Ni, Cu, Zn, Se, Mo, Cd,
In, Sn, Sb, Tl, Pb, Bi, Hg concentrations thus extent of contamination
corresponded with a scale of the airports. We conclude that air transportation is a cause of hazardous metal pollution. This work was supported
by JSPS KAKENHI Japan, Grant No. 26870180.
101 Identification of inorganic sources of Houston road dust
contamination
M. Fiala, Texas Southern Univ / Dept of Environmental Science and
Technology / Dept of Environmental and Interdisciplinary Sciences; H.
Hwang, Texas Southern Univ / Environmental Science
Operation of motor vehicles is one of the major sources of environmental
contaminants, especially in urban areas. Inorganic contaminants released
through normal wear of vehicle parts include trace metals such as platinum group elements (PGEs) through automobile catalytic converters;
copper and iron from brake pads; zinc from tires; lead, zinc, and iron

from tire calibration weights; chromium, nickel, copper and iron from
automobile parts and plating. To investigate the occurrence of these
metals, road dust samples were collected from the edge of overpasses on
Interstate 10, and State Highway 59 in Houston, Texas. Upon arrival at
the laboratory, samples were sieved to < 63 µm and total environmentalavailable metals were analyzed using concentrated nitric acid and
hydrochloric acid. All target trace metals were quantified using ICP-MS.
The total heavy metal content of dust < 63 µm for Fe, Cu, Zn, Pb, Cr,
and Ni were 2.31%, 136 ppm, 1140 ppm, 102 ppm, 206 ppm, and 52
ppm respectively. To better understand the sources of the heavy metal
contamination, a field portable X-ray fluorescence (FPXRF) spectrometer will be used for onsite real-time screening of a variety of passenger
and truck tires, break pads and other vehicle parts. The application of
FPXRF will also be assessed for its efficiency and accuracy for real-time
screening of environmental samples without laboratory acid digestion
steps allowing quick decisions in the field for efficient environmental
monitoring and management.
102 Perfluorinated octane acid (PFOA) and Perfluorinated octane
sulphonate (PFOS) in top soil of some high density residential areas
B.J. Ximba, O. Fatoki, Cape Peninsula Univ of Technology / Chemistry; B.
Opeolu, Cape Peninsula Univ of Technology / Faculty of Applied Sciences;
O.S. Olatunji, Cape Peninsula Univ of Technology / Dept of Chemistry
The use of materials containing perfluorinated compounds (PFCs) as
minor or major components has facilitated the wide distribution of these
substances in human environment. There is a growing concern about
the presence of PFOA and PFOS as a result of their environmental
persistence, bioaccumulation and potentially deleterious consequences,
although their toxicity is yet to be extensively investigated. There is
therefore a need for routine assessment and monitoring. In this study
the concentration levels of the perfluorinated compounds; PFOA and
PFOS was evaluated in top soils of some high density residential areas
in selected location in Cape Town, South Africa. Top soil samples were
collected from Nyanga, Langa, Kayelitsha, Phillipi and Milnerton (control) areas. The soil sample were dried, sorted, pulverized and sieved (< 2
mm). Thereafter, PFOA and PFOS were extracted in methanol buffered
with ammonium acetate. The Extract in methanol were cleaned using
solid phase extraction (SPE), and concentrated to 1 ml. The extracts
were analysed for PFOA and PFOS using a high performance Liquid
Chromatograph, coupled to a Mass Spectrometer (LC-MS). The sum
of the two PFCs (∑2PFCs) i.e. PFOA and PFOS were ranged between
0.3056±0.0894 and 1.2142±0.6075 µg/kg, in all the top soils. However,
extracts from top soil samples collected from Kayelitsha showed significantly higher (p>0.05) abundance of ∑2PFCs, than in Nyanga, Phillipi
and Langa, with Milnerton (control) being the least. Safety and toxicity
of PFCs was also discussed.
103 Determination of levels of polychlorinated biphenyls (PCBs)
present in caulk and window glazing material samples from older
buildings
L.I. Osemwengie, USEPA / Environmental Sciences Division; J. Morgan,
USEPA
Levels of polychlorinated biphenyls (PCBs) in caulk and window
glazing material samples from older buildings were determined, using
a method developed for this purpose. This method was evaluated by analyzing a combination of 47 samples of caulk, glazing materials, including
quality control samples, from older buildings in four locations in the
United States. The samples were collected from the interior and exterior
doors, windows, interior building seams, around installed fixtures and
appliances, and within interior and exterior building joints. The choice
of materials for testing the efficacy of this method, emanated from the
existing caulk and glazing materials previously used in older buildings
in the United States and elsewhere. Quality control analyses showed a
range of 45 to 137 % for spike recovery from the various samples, and a
range of 10.9 to 20.1 % difference in precision. The result for the samples
analyzed showed that three of the four locations sampled contained
caulking and glazing materials with levels of PCBs in the range of
54.6µg/g to 445,000µg/g. Across the four locations, 24% of collected
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caulk and glazing material samples had elevated PCB levels relative to
the USEPA’s 50 µg/g criteria under the Toxic Substance Control Act.
The PCBs determined in the samples, exhibited characteristic chromatographic patterns similar to those of Aroclor 1242, 1248, 1254, 1260,
1262, and a 1016/1254 mixture.

The Future Scientists of SETAC: Conveying
Scientific Information in the Classroom
104 Something from Nothing: Development of Undergraduate and
Graduate Environmental Science Curricula
R.S. Grippo, Arkansas State Univ / Biological Sciences
In 1992, Arkansas State University began developing an environmental science program, with the goal of offering a Ph.D. degree
in Environmental Science and an undergraduate BS emphasis in
Environmental Biology. The author’s charge was to develop new
coursework in support of these programs. Because environmental science is an expansive field, a varied curriculum was required to broadly
train students in multiple topic areas. Six new courses were developed:
Environmental Toxicology: Mechanisms and Impacts, Case Studies in
Environmental Management /Environmental Biology with a laboratory/
field component; Environmental Systems Analysis with a computer laboratory component, and Legal Aspects of Environmental Management
(eventually turned over to Political Science). Environmental Toxicology
is a classic lecture and exam course emphasizing ecological impacts and
biochemical mechanisms of toxicity. Students also prepare proposals for
performing ecological risk assessments for hypothetical “Superfund Risk
Assessment” scenarios. Case Studies in Environmental Management,
and Environmental Biology, are separate courses taught simultaneously to graduate students and undergraduate seniors, with different
expectations for each group. Presented as modules, each week’s lectures
supporting field and laboratory exercises are designed to collect data
that are used to “answer a question” such as “does the fish hatchery
have an effect on the adjacent stream” or “does the evaluated mitigated
wetland exhibit wetland characteristics”?. In lieu of exams, weekly field
write-ups, a position paper, and a semester long microcosm project are
the only grades earned, with grammar, usage, spelling and formatting
counting equal to content. A writing guide was developed to aid students
in developing writing skills. Systems Analysis is graduate level only.
Prerequisites include at least one course in statistics and Calculus I. It
is taught in three sections, with the first section focusing on estimation
and developing simple, “back –of-the-envelope” problem solving skills,
the second section exposes students to calculus-level modeling using
Stella II modeling software, and the third section focuses on reinforcing
parametric and non-parametric statistical skills useful to environmental
scientists.
105 The Future Scientists of SETAC: The Classroom - Field Class Study Abroad Connection
C.L. Howard, Univ of Houston-Clear Lake / Dept of Biological
Environmental Sciences
Our undergraduate-level environmental toxicology course is by necessity a survey course, in order to cover the broad topic areas of the science
and expose/attract undergraduate students to the field. As a result,
this upper level lecture class tends to focus on explaining foundations,
principles, theories, problems and effects as its core. Interested students
may then enroll in an environmental toxicology lab course, where bioassays, chemical analyses, etc. are demonstrated and practiced, and/or field
courses where they learn and practice standard environmental assessment
techniques. Oftentimes, students will accumulate many of the skills they
need for going on to a job or graduate program in environmental toxicology, but lack passion for the science. A significant field experience during
the undergraduate program can connect students’ scientific knowledge
and skills with that all-important passion for the science. Although this
field experience can be developed locally, we have found that immersing
undergraduates into short study abroad research projects in the Amazon
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has been particularly effective in connecting their classroom knowledge
with their field assessment skills. During a typical two-week Amazon
River expedition, undergraduate students collaborate with faculty
mentors and peers and conduct fairly simple environmental toxicology
projects, such as comparing water quality measures by human population
size and land use characterizations along the river. These projects cement
the concepts we have tried to convey in the classroom by instilling a true
interest in and commitment for studying real pollution problems in a
very special landscape. The students return to campus with a genuine
enthusiasm in (and success at) pursuing careers and/or graduate school
in environmental toxicology. These are the exciting future scientists of
SETAC.
106 Teaching Introductory Environmental Toxicology
C. Isaacson, Bemidji State Univ / Environmental Studies
At Bemidji State University we have developed a new laboratory experience for our students taking environmental toxicology. With a limited
time allotment for both lecture and laboratory, we developed a lab
experience in which the students develop their toxicological assessment
toolbox through a series of three experiments. In the first experiment
students test metal toxicity using a standard ASTM test procedure. In
this experiment students reestablish their lab sense and learn how to
determine NOEC, LOEC, and LC50 values. In the second experiment
are exposed to sample preparation for and analysis of metals in biological
samples. In the final experiments students design their own experiment
to test ideas learned in class. Students tested variables such as how water
chemistry influences metal toxicity, synergistic or additive toxicity of
toxicants, how multiple stressors effect seed germination, whether the
toxicity of essential and non-essential metals is additive or synergistic, and how the presence of anthropogenic chemicals changes along
a transect of the Mississippi River. The diversity of student laboratory
experience required remedial tutoring for some students, but student
laboratory skills and written presentation of data greatly improved over
the course of the semester.
107 Classroom-based research laboratories: Engaging undergraduates
in environmental toxicology
A.P. Roberts, Univ of North Texas / Dept of Biological Sciences Inst of
Applied Science; L. Hughes, Univ of North Texas; B. Soulen, Dept of
Biological Sciences Inst of Applied Science
Student participation in research experiences has been shown to be an
effective method for student retention in the sciences. However, most
research laboratories can handle only a few undergraduate research
students at a time, thus limiting the number of students who participate in individual research. To increase research opportunities, we are
developing several classroom-based research courses through a grant
from the Howard Hughes Medical Institute. These courses seek to
provide research experiences similar to individual research for groups
of upper-division students. Each course is developed around a research
problem associated with the course instructor’s laboratory research program. The instructor adapts that problem for a class of up to 16 students.
The course is taught in a renovated laboratory space designated as the
Classroom Research Laboratory. A course module for environmental
toxicology was developed and taught in 2014 and 2015. Students were
split into groups focused on one of two themes; (1) mercury effects on
fish behavior or (2) oxidative stress and PAH photo-induced toxicity.
Students in the mercury group spent the semester developing and testing methods for assaying behavioral endpoints in larval fish exposed to
maternally transferred mercury using Loligo Systems video software.
Students in the PAH group developed primers and qPCR methods for
examining changes in oxidative-stress related genes in daphnia coexposed to fluoranthene and ultraviolet radiation. The classroom-based
research experience was evaluated through the pre- and post- Classroom
Undergraduate Research Experience (CURE) surveys and the Student
Evaluation of Teaching Effectiveness (SETE). Survey results show
that students entered the course with high expectations and that
those expectations were generally met. The classroom-based research
course impacted students’ perceptions regarding science, scientists, and
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scientific thinking. Overall, students were successful and highly satisfied
with most course components as indicated by their responses on the final
course evaluation. Based on these initial results, the classroom-based
research course was successful in achieving the goal of providing a group
of students with an authentic research opportunity that is similar to the
individual research experience.
108 Impacts of new teaching, monitoring and reporting techniques on
science student success from the perspective of faculty, students and
administration
F.C. Bailey, R.R. Otter, Middle Tennessee State Univ / Biology
Biology 1110 is a pivotal course at Middle Tennessee State University
(MTSU). It is not only the first course in the Biology major’s sequence
but it is the first introduction to biological science for majors in several
other fields. It has been determined that completing this course with a
passing grade is not only a predictor of completing a degree in Biology,
but it is also a strong predictor of long-term success (defined as retention
at the university and graduation) at the University level. Biology 1110 is
considered a rigorous course at MTSU and historically there has been
a very high rate of student failure (grade of F) in the course. Because
of the predictive nature of the course combined with the high failure
rate, MTSU administration and faculty have implemented various
techniques to redesign the course and interact with students differently
in an attempt to improve overall student success. Flipped classroom
approaches, increased use of student response devices (clickers), tutoring,
and greater monitoring, advising and interaction with students throughout a semester have been implemented. Data over time for Biology 1110
was analyzed in order to examine changes with the implementation
of various techniques in the classroom and outside of the classroom.
Differences in both student evaluations of the classes and grade distributions in the classes were observed over time. Data was examined at
the level of the individual instructor as well as across all instructors to
explain differences found. Different methodologies clearly impact the
teaching and learning of scientific information and are critical to student
and university success in science courses.
109 PowerPoint in Biology Classrooms: A Quantitative Analysis of
Student and Faculty Perceptions
R.R. Otter, E. Smith, Middle Tennessee State Univ / Biology
Instructive technology such as PowerPoint is considered commonplace in
university classrooms. While the need for a visual tool for communication is clear, there is a difference in students’ and professors’ perceptions
of PowerPoint and its usefulness as that tool. Though there is a fair
amount of data on the perceptions of PowerPoint as a whole and the
effectiveness of PowerPoint in comparison to other lecturing and visual
aid types, there is little research that pertains specifically to biology
classes, especially entry-level biology courses. To understand the differences in perceptions between and among faculty and students a survey
will be developed and distributed to biology students and biology faculty
at a large public University. Significant differences existed both between
students and faculty, as well as between students groups. In nearly all
cases, individuals with more experience in the biology field more strongly
disagreed with the use of PowerPoint as a dissemination tool. The data
also showed that students perceive professors to be more prepared when
using PowerPoint. Factors of sex and age were found to not be significant
in responses. Overall, these results show that large difference existed
between those delivering science information (professors) and those
receiving it (students). Given the impact that technology has had on
society, it is critical that we as scientists devote energy into how we are
disseminating information.
110 An online alternative to in-class journal article discussions
D.R. Ownby, R.E. Casey, Towson Univ / Chemistry
Conversion of a graduate level Ecotoxicology class from an all face-toface meeting course to a hybrid delivery course was completed utilizing
on-line journal article discussions throughout the semester. Ten weeks
of journal article discussions were completed during Spring 2013 and

2015 semesters. Additionally, one of four journal article discussions
in an undergraduate Chemical Toxicology class was converted from
in-class to an online discussion. Online discussion for both courses
was completed using the Towson University’s Blackboard System. For
the graduate course, students were required to participate in the online
discussion at least 5 times over the course of six days. For the first couple
of discussions prompting threads were included, however students
were encouraged to start their own threads. For the remaining discussions, no instructor initiated threads were provided. Comments within
each thread were graded on quality of the comment. Simple comments
such as “I agree with Student Y” would not be counted as one of the 5
required comments for a student. A similar approach was utilized for
the undergraduate Chemical Toxicology class, for the number of comments required. In both courses, student learning and evaluation of the
peer-reviewed literature was enhanced. Students were generally more
engaged in the on-line discussions, bringing in examples and clarifications from additional literature that would not typically occur during an
in-class discussion. In addition to these learning benefits, this approach
improved the flexibility of course delivery, an important consideration in
our graduate programs that serve working professionals and for undergraduate populations at institutions serving substantial populations of
commuting and working students.
111 Environmental Toxicology and Active Learning - The Trials and
Tribulations of Trying New Approaches in a Learning Environment
R. Sofield, Western Washington Univ / Huxley College of the Environment
Student-centered learning is a common goal in University curricula.
Arguably, the sciences have traditionally included this learning construct, primarily through required laboratory courses. In the classroom,
however, learning has relied more on the teacher-centered learning
model. Several techniques exist to shift the burden of learning to the
students such as ABCD cards, think-pair-share activities, and jigsaw
exercises. These techniques are easy to use in a classroom and can be
effective ways to increase learner awareness of their mastery of the
subject material and aid in understanding their own metacognitive
processes. These tools can provide feedback to the teacher to draw out
existing misconceptions and to assess successful delivery of new material. Examples of successful implementation of these techniques will
be presented along with a discussion of some unsuccessful attempts to
incorporate them into environmental science classrooms.

Integrated and Predictive Methods for
Assessing the Presence and Potential Impacts
of Contaminants of Emerging Concern
112 A Multi-Agency Effort for Assessing the Occurrence and
Biological Impacts of CECs in Support of the Great Lakes
Restoration Initiative
D. Ekman, USEPA / Ecosystems Research Division
In recent years, there has been a substantial increase in the detection
of a variety of contaminants for which little is known regarding their
potential impact(s) on Great Lakes ecosystems. These contaminants of
emerging concern, or CECs, include an assortment of industrial (e.g.,
flame retardants), agricultural (e.g., pesticides), urban nonpoint source
(e.g., plasticizers), and pharmaceutical and personal care products which
frequently lack relevant ecotoxicity information. Recognizing this, the
Great Lakes Restoration Initiative (GLRI) Action Plan II has determined that the identification and assessment of the impacts of CECs on
fish and wildlife is critical for successfully protecting Great Lakes ecosystems. In response, a large multidisciplinary project has been designed
to address this need through the combined efforts of numerous investigators across multiple federal agencies. This integrated team is employing
a variety of analytical and biological tools to assess the occurrence and
impacts of CECs on surface waters and associated biota across the Great
Lakes basin. For example, impacts of various land uses on the occurrence

SETAC North America 36th Annual Meeting | 33

MONDAY PLATFORM ABSTRACTS
and concentrations of CECs will be evaluated over the course of multiple
years to identify trends and inform computational models for predicting
CEC concentrations. From a biological standpoint, impacts of exposures to relevant mixtures of CECs is also being evaluated, given that
biota are rarely exposed to individual isolated CECs in natural waters.
Furthermore, due to the often unknown toxicities associated with these
complex mixtures, a diverse collection of targeted (e.g., cell bioassays for
detecting estrogenic activity) and untargeted molecular-based tools (e.g.,
‘omics and ToxCast™) are being leveraged to provide an assessment of a
broad spectrum of biological responses. These and other components of
this integrated project will be summarized in this presentation to provide
a brief overview of this GLRI effort.
113 Co-occurrence Patterns for Contaminants of Emerging Concern
in Tributaries to the Laurentian Great Lakes
M.E. Brigham, S.M. Elliott, USGS; J.A. Banda, US Fish and Wildlife
Service; S. Choy, USFWS / Ecological Services; D.J. Gefell, Z.G. Jorgenson,
US Fish and Wildlife Service; R.L. Kiesling, K.E. Lee, USGS; J. Moore, US
Fish and Wildlife Service / Interior; H.I. Schoenfuss, St. Cloud State Univ /
Aquatic Toxicology Laboratory
As part of a larger study to assess ecotoxicological risks due to contaminants of emerging concern (CECs), surface water and bottom-sediment
samples were collected from more than 200 sites across 17 Great Lakes
tributary basins and analyzed for a broad suite of CECs including
hormones, pharmaceuticals, alkylphenols, pesticides, and fire retardants.
Two-dimensional cluster analysis identified groups of co-occurring
CECs and groups of sites with similar CEC fingerprints. Chemical
composition reflected land use and point-source inputs. In surface
waters, greater concentrations and more complex mixtures of CECs were
observed at sites downstream from point sources than at sites draining
other settings; pharmaceuticals and hormones represented a large portion of the CEC composition at these sites. In contrast, pharmaceuticals
and hormones in surface waters were generally lower at agricultural
sites where atrazine, metolachlor, and isophorone (a widely used solvent
for pesticides) were frequently detected. In bottom sediment, indole,
3-methylindole, and p-cresol co-occurred at many sites—these compounds are known to occur in human waste but have numerous other
potential sources. Several PAHs and carbazole were widely detected
and tended to co-occur in sediment; several sterols also were frequently
detected and co-occurred. Results from this study will help guide
multiple-contaminant fish-exposure laboratory experiments, and help
guide future management and restoration activities.
114 Organic Contaminants in Great Lakes Tributaries: Watersheds
and Chemicals of Greatest Concern
S.R. Corsi, USGS / Water Resources Division; L. De Cicco, USGS /
Center for Integrated Data Analytics; A.K. Baldwin, USGS-WI / Water
Resources Division; D.A. Alvarez, USGS / Columbia Environmental
Research Center; P. Schroeder, Helmholtz Zentrum München / Microbe
Plant Interactions; D.L. Villeneuve, USEPA / Mid-Continent Ecology
Division; B.R. Blackwell, ORISE; G.T. Ankley, USEPA / National Health
and Environmental Effects Research Laboratory; P. Lenaker, USGS / Water
Resources Division
Trace organic contaminant concentrations in some Great Lakes tributaries indicate potential for adverse effects on aquatic organisms. Chemicals
used in agriculture, industry, and households enter surface waters via
a variety of sources, including urban and agricultural runoff, sewage
systems, and combined sewage overflows. Water samples were collected
and passive samplers deployed between 2010 and 2013 at 58 tributaries
in the Great Lakes to support the Great Lakes Restoration Initiative.
Sites represented a range of land use from forested to agricultural to
urban. Water samples were collected over variable hydrologic conditions and analyzed for 69 contaminants; passive samplers were deployed
for 30 days and analyzed for 155 contaminants. Classes of analytes
included pesticides, polycyclic aromatic hydrocarbons (PAHs), pharmaceuticals, fire retardants, detergent metabolites, plasticizers, personal
care products. Concentrations of many contaminants were positively
correlated to the amount of urban land use in a watershed. Contaminant
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concentrations were assessed for potential adverse effects using multiple bioassay endpoint concentrations retrieved from the ToxCastTM
(Toxicity Forecaster) database, available water quality guidelines from
the U.S. and Canada, and via calculation of 17β-estradiol equivalents.
Results of the ToxCastTM analysis were compared to the more traditional approach using water quality guidelines to assess differences and
commonalities among these methods. Overall results were used to rank
tributaries by their potential impact on aquatic life, with prioritization
of the most influential contaminants. Classes of chemicals that showed
the greatest potential for adverse effects included PAHs, pharmaceuticals, and pesticides. Each of the 58 tributaries included had at least one
chemical that had potential for adverse effects based on these assessments
with the magnitude of the effect and responsible compound(s) varying by
site and land use attributes.
115 A survey of resident and caged sunfish in Great Lakes tributaries for effects consistent with exposure to contaminants of emerging
concern
H.I. Schoenfuss, St. Cloud State Univ / Aquatic Toxicology Laboratory; L.
Thomas, St. Cloud State Univ / Biological Sciences; Z. Jorgenson, US Fish
and Wildlife / Environmental Contaminants; S. Choy, USFWS / Ecological
Services; J. Moore, US Fish and Wildlife Service / Interior; J.A. Banda, US
Fish and Wildlife Service; D.J. Gefell, US Fish and Wildlife Service
There is growing concern over the presence and biological effects of
Contaminants of Emerging Concern (CECs) in the Great Lakes. We
conducted a comprehensive assessment of the potential for emerging
contaminants to impact the reproductive potential of fish populations
in six stream drainages across the Great Lakes. Specifically, we analyzed 728 resident sunfish and 1542 caged hatchery-reared sunfish in
multiple segments of these streams and assessed physiological indicators
of CEC exposure (plasma vitellogenin and glucose concentrations) and
anatomical alterations associated with CEC exposure (histopathology,
organosomatic indices). Effluent from WWTPs on the Clinton and
Cuyahoga Rivers contribute to overall endocrine activity as assessed by
the induction of plasma vitellogenin in caged sunfish. Interestingly, when
grouped by in-stream sites (downstream, WWTP impacted, upstream),
caged sunfish were found to contain higher vitellogenin concentrations
in a downstream direction, while resident sunfish were found to have
higher plasma vitellogenin concentrations in upstream reaches of these
tributaries. At WWTP effluent sites, plasma vitellogenin and plasma
glucose concentrations exhibited an inverse relationship highlighting the
metabolic impact of vitellogenin biosynthesis in male fishes. This reverse
patterns may suggest persistent, non-point sources of low estrogenicity upstream vs. discreet point-sources (WWTP effluents) with higher
local estrogenicity but greater in-stream dilution further downstream.
The prevalence of parasites in liver tissue of resident sunfish especially in
the Clinton River was noteworthy as it represents an additional stressor
of fish in this aquatic ecosystem. Little is known about the impact of
parasites in liver tissue on the ability of liver hepatocytes to produce vitellogenin. By integrating biological results from resident and caged sunfish
we are able to examine the robustness of screening tools for endocrine
disrupting compounds in an environmental setting.
116 Transcriptional Pathway and de novo network-based approaches
to effects-based monitoring in the Great Lakes
N. Vinas, Mississippi State Univ / Environmental Laboratory; D.L.
Villeneuve, USEPA / Mid-Continent Ecology Division; L. Escalon,
US Army Engineer Research and Development Center / Environmental
Laboratory; G.T. Ankley, USEPA / National Health and Environmental
Effects Research Laboratory; E.J. Perkins, US Army Engineer Research and
Development Center / Environmental Laboratory
Transcriptomics provides unique solutions for understanding the impact
of complex mixtures and their components on aquatic systems. Here
we describe the application of transcriptomics analysis of in situ fathead
minnow exposures for assessing biological impacts of wastewater treatment plants (WWTP) in three different rivers. Analysis of biological
effects on fathead minnow deployed near WWTP outfalls in the in
the Saint Louis River, near Duluth (MN) found estrogenic effects, at
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both the transcriptional and hormonal levels, in male fish caged near a
discharge site. De novo chemical:gene network analysis suggested that
polyaromatic hydrocarbons (PAHs) and bisphenol A (BPA) dominated
biological impacts across the sites examined. To determine if effluent effects diminished with distance from the point of discharge, the
estrogenicity of the WWTP outfall was further examined with fathead
minnow deployed at proximal, distal and far distal sites from the effluent
outfall Estrogenic effects at the transcriptional pathway and male plasma
estradiol levels decreased with distance further implicating effluent as
a source of estrogenicity. Our data suggested that estrogen levels were
decreased below normal in the far distal site due to the presence of
aromatic hydrocarbons. In a second study, we examined whether de novo
chemical:gene association methods developed in the previous study could
be useful in identifying the effects of specific chemicals on adult male
fathead minnows (Pimephales promelas) exposed to complex mixtures
near four WWTPs and two sites upstream of treatment plants on the
Maumee (OH) and Detroit (MI) Rivers. The number of genes associated
with a chemical by network analysis was related to the known potency
of individual chemicals. In addition, this approach identified specific
chemicals and classes of chemicals that could be responsible for biological pathway and plasma testosterone impacts in male fish suggesting that
chemical:gene associations are a reasonable measure of biological impacts
at the transcriptional and higher levels. These results demonstrate that
the combination of transcriptomics with hormone analysis of caged fish
is a useful tool for understanding impacts of complex mixtures and identification of specific chemical:gene interactions for further monitoring.
117 Characterizing the Bioactivity of Complex Environmental
Samples Using High Throughput Toxicology
A. Schroeder, USEPA / Water Resources Center; G.T. Ankley, USEPA /
National Health and Environmental Effects Research Laboratory; B.R.
Blackwell, ORISE; K.A. Houck, USEPA / ORD / National Center for
Computational Toxicology; D.L. Villeneuve, USEPA / Mid-Continent
Ecology Division
Bioassays can be employed to evaluate the integrated effects of complex mixtures of both known and unidentified contaminants present in
environmental samples. However, such methods have typically focused
on one or a few bioactivities despite the potential wide range of activity from complex environmental mixtures. High throughput toxicology
approaches that can rapidly screen samples for a broad diversity of
biological activities offer a means to provide a more comprehensive characterization. To test this concept, twenty-four ambient water samples
were collected, extracted, and screened for their ability to interact with
or modulate over 80 different transcription factors using the Attagene
subset of assays utilized by the USEPA’s ToxCast Program. Samples
evaluated included water collected at five sites along a spatial gradient
centered on a wastewater discharge into the Maumee River, Ohio, USA;
10 samples were collected in varying proximity to a wastewater discharge
within the St. Louis River Area of Concern (AOC), MN; and eight
samples associated with a nation-wide US Geological Survey Mixture
Study. Samples collected along the Maumee River showed a gradient response in the number of observed activities, ranging from three
positive assay responses observed far upstream of the discharge to seven
positive responses in water from the mixing zone. TGFb signaling and
the aryl hydrocarbon receptor (AhR) had the greatest observed biological
activity. At the St. Louis River AOC, the greatest number of biological activities were observed at locations closest to wastewater discharge
with as many as 13 endpoints responding. For the USGS mixture study
sites, the number of positive responses ranged from 2 for a sample collected from the Iowa River, IA to 15 for a sample collected from the
South Platte River, CO. Estrogen response elements and the AhR were
activated at the lowest sample concentration. The biological activities identified for each site can now be mapped to established adverse
outcome pathways to predict potential hazards to aquatic biota and/or
selecting endpoints for subsequent site-specific effects monitoring. The
contents of this abstract neither constitute, nor necessarily reflect, official
USEPA policy.

118 Contaminants of emerging concern detected in effluent, estuarine
water, and fish in Puget Sound, Washington, USA
J. Meador, NOAA Fisheries / Ecotoxicology and Environmental Fish
Health Program; A. Yeh, Univ of Washington / Dept of Environmental and
Occupational Health Sciences; E.P. Gallagher, Dept of Environmental and
Occupational Health Sciences
Our study assessed the occurrence and concentrations of a select number
of chemicals of emerging concern (CECs) from 3 estuaries in Puget
Sound, WA, USA including pharmaceuticals, personal care products
(PPCPs) and industrial compounds. In addition to effluent from two
wastewater treatment plants (WWTPs), we sampled estuary water and
whole-body juvenile Chinook salmon and staghorn sculpin. These matrices were analyzed for 151 compounds in samples collected from two
contaminated sites and one reference site. Over all samples, 82 analytes
were detected in effluent, 26 in estuary water, and 39 in fish tissue, many
at ng/g concentrations. Most of the detected compounds were antibiotics (15), neurological drugs (17), antihistamines, metabolic regulators,
and several industrial compounds (bisphenol A, phthalates, nonylphenol,
and perfluorocarbons). A comparison of our effluent data to a study of
the 50 largest WWTPs in the U.S. indicated that our detected analytes occurred at relatively high concentrations. For the 45 analytes that
overlapped between the two studies, 75% of our detected compounds
occurred in the 90th percentile or greater compared to concentrations from all 50 WWTPs. Some of the detected compounds in our
study, including sertraline, mestranol, nonylphenol, and triclosan were
observed in water and tissue at concentrations that may result in adverse
effects in fish. Additionally, survival rates for Chinook outmigrating
through effluent contaminated estuaries were about 50% lower than that
observed for the reference site (Nisqually estuary), which may be due to
these and other contaminants. Even though concentrations of detected
analytes were relatively low in effluent and our analysis quantified only a
small percentage of known CECs, inputs amount to several kilograms of
these chemicals per day to each estuary.
119 Tidal Influences on Aquatic Hazards of Pharmaceuticals,
Nutrients, and Pathogens in Dickinson Bayou, Texas, USA
W.C. Scott, Dept of Environmental Science; S. Haddad, S.R. Burket,
Baylor Univ / Environmental Science; C. Breed, Baylor Univ / Dept of
Environmental Science Center for Spatial Research; P.J. Pearce, Nova
Biologicals; B. Du, Univ of Washington / Environmental Science; K.
Chambliss, Baylor Univ / Dept of Chemistry; B.W. Brooks, Baylor Univ /
Environmental Health Science Program Dept of Environmental Science
In the rapidly urbanizing watersheds and estuaries of the Gulf of Mexico
in Texas, instream flows are increasingly influenced and dominated
by reclaimed water. Unfortunately, few studies have focused on the
occurrence, assessment, or management of pharmaceutical contaminants in marine systems or estuaries. Studies of pharmaceuticals and
other contaminants of emerging concern (CEC) in the Gulf of Mexico
are even more limited. Dickenson Bayou, historically affected by low
dissolved oxygen and pathogens, is also notorious for water quality
impairment from improperly functioning onsite waste water systems.
Dickinson Bayou also receives discharge from a wastewater treatment
plant located just downstream of Hwy 3 in downtown Dickinson, Texas.
Approximately 70% of all pharmaceuticals on the market are ionizable
and subject to bioavailability alterations from pH. The primary objective of this study was to explore the spatial and temporal dynamics of
contaminant exposure, including pharmaceuticals, nutrients, and human
pathogens, as a function of tidal influence. Isotope dilution LC/MSMS
was used for the quantitation of target CECs in surface and bottom
water samples. Standard methods were similarly employed for nutrient
and pathogen analyses. We also explored the spatial and temporal variability of pH with depth in Dickinson Bayou. We then employed a novel
water quality hazard modeling approach, which predicts the internal
dose of pharmaceuticals in fish expected to result from surface water
exposure. We specifically observed pH variability and low and high tides
to differentially influence water quality hazards of select pharmaceuticals
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along a longitudinal gradient of Dickenson Bayou. These results provide
a diagnostic approach to evaluate emerging water quality challenges
across gradients of rapidly urbanizing coastal bays and estuaries.

Pollinators and Agrochemicals
120 Tracking seasonal and regional changes of pesticides in bee-collected nectar and pollen in urban and suburban environments
Z. Huang, Michigan State Univ / Entomology; A.R. Cabrera, Bayer
CropScience LP / Pollinator Safety; J.P. Sullivan, Ardea Consulting; J. Ellis,
Honey Bee Research & Extension Lab (HBREL); J. Rangel, Texas A&M
Univ
Nectar and pollen samples from commercial apiaries have been shown to
contain pesticides, high in amount and diversity. It is not clear whether
honey bee colonies placed in an urban setting would be faced with more
or less pesticides. It is possible that bees will be exposed to less pesticides
if honey bees have access to wild flowers, or gardens that use fewer pesticides. However, it is also possible that home gardens actually use more
pesticides and this could be reflected in increased exposure to honey
bees. Starting in July 2014 we started collecting monthly samples in CA,
FL and MI (N=15 colonies per State) for both nectar and pollen. Each
sample was tested for 179 different types of insecticides/fungicides in an
independent USDA laboratory. In all locations, the pesticide prevalence
and loads are lower compared to those from commercial colonies. We
discuss the implications of these findings.
121 Analysis of Pesticides in MG Quantities of Important Pollinator
Matrices
P. Reibach, R. Smith, K. Bentley, Smithers Viscient / Analytical Chemistry
Dept; M. Rossi, A. Zelkan, X. Wu, Smithers Viscient
A residue analytical method suitable for the determination of various
pesticides in important pollinator matrices such as pollen, honey, flowers,
leaves, fruits, and seed matrices was developed. This method was successfully validated by fortifications at concentrations of between 0.001
(LOQ ) and 0.01 mg/kg (10X LOQ ). Pollen, flower, leaf, fruit and seed
recovery samples down to the sub 10 mg level were extracted once with
1.00 mL methanol and honey samples were extracted once with 1.00 mL
of methanol:reagent water (v:v) using a Geno grinder for 30 seconds at
1200 rpm. Following extraction, the samples were centrifuged for three
minutes at 4500 rpm. After centrifuging, the supernatant was transferred
to autosampler vials for future use. Each sample extract was further
diluted in the calibration standard range with solvent water mixtures.
Calibration standards were prepared in matching solvents. All samples
and standards were analyzed by automated injection on high performance liquid chromatographic systems equipped with mass spectrometry
(LC-MS/MS). This methodology allows for analysis of sample sizes in
the range of 10 mg containing very low levels of analyte. Typical fortification recovery data will be presented.
122 The Evaluation of Modifications of Methods and Equipment
Towards Improvement of the OECD Draft 22-Day Repeat Exposure
Larval Honey Bee Methods
M. Patnaude, Smithers Viscient, LLC / Ecotoxicology; J.R. Hoberg,
Smithers Viscient / Ecotoxicology; R.C. Biever, Smithers Viscient / Dept of
Environmental Toxicology
The OECD draft repeated exposure test (25 February 2014) has met
with limited repeatability primarily due to issues meeting emergence criterion. Larval survival is typically not an issue since the larval acute test
has been validated and the guideline (OECD 237) finalized. We have
evaluated several techniques, including some developed by Michigan
State University and University of Florida, and developed specialized
equipment and procedures to minimize stress to developing bees that
improves success rates. Initial experiments show emergence rates greater
90% and overall adult survival rates greater than 80%. The beginning
of pupation is a difficult transition for bees and the improved methods
involved during this stage will be presented along with emergence and
survival performance data.
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123 Developing laboratory test methods for evaluating toxicity to
solitary bees (Osmia spp.)
S. Hinarejos, Valent U.S.A. Corp. / Valent Technical Center; X. Domene, J.
Bosch, Universitat Autònoma de Barcelona / CREAF-Unit of Ecology
There is uncertainty regarding the extent to which the use of honey
bees can serve as surrogates for non-Apis pollinator species in the risk
assessment for plant protection products. In the European Union solitary
bees are protected by a specific risk assessment scheme (EFSA, 2013),
although validated testing methodologies are currently not available.
From this perspective, the development and ring testing of a standardized oral adult toxicity test for solitary bees is seen as a highly desirable
focus area for advancing the tiered testing system’s ecological relevance
and for reducing uncertainty. Oral dosing methods used on adult honey
bees cannot be readily adjusted to solitary bees due to their differences
in feeding behavior and social interactions. The EFSA Bee Guidance
Document and the ICPPR Non-Apis expert group (March 2014 &
February 2015 meetings in Germany) identified bees of the genus Osmia
as suitable organisms for solitary bee risk assessment. Previous studies
have explored laboratory feeding methods on two cavity nesting solitary
bees (Osmia lignaria and Megachile rotundata; Ladurner et al. 2003 and
2005). These studies showed that, using the “flower method”, it is possible to feed adults known amounts of pesticides and to conduct an adult
bee acute toxicity test from which a LD50 can be calculated. However,
further optimization of the feeding method and improvement of certain
conditions were considered necessary in view to achieve a standardize
protocol. In this study we compared the performance of several artificial flowers combining visual and olfactory cues against a simplification
of the “flower method” (henceforth “petal method”). Feeding success
was much lower with the various artificial flowers than with the “petal
method”, which performed similarly to the “flower method”. Thus, the
“petal method” resulted in high feeding success rates while becoming
easier to set up than the “flower method”. Using the “petal method”, we
assessed the effects of the toxic standard dimethoate on Osmia cornuta
adults. The LD50 values of dimethoate at 4, 24, 48, 72 and 96 hours
were determined.
124 Chlorpyrifos and honeybees: Threshold values for sub-lethal
memory and learning effects relative to measured amounts in New
Zealand honeybees
E. Urlacher, Univ of Otago / Dept of Zoology; K.J. Hageman, Univ of Otago /
Chemistry; A. Mercer, S. Michelsen-Heath, Univ of Otago / Dept of Zoology;
C. Lombardi, Univ of Otago / Dept of Chemistry; C. Monchanin, Univ of
Otago / Dept of Zoology; C. Rivière, Univ of Otago / Dept of Chemistry;
F. Richard, Univ of Poitiers / Laboratoire Ecologie Evolution Symbiose
Chlorpyrifos is an organophosphate pesticide commonly used on a
wide range of crops. Despite guidelines for chlorpyrifos usage, including precautions to protect beneficial insects such as honeybees from
spray drift, chlorpyrifos detection in bees has been reported in various
countries, indicating that exposure can still occur. Of particular concern
for honeybees are the potential sub-lethal effects of pesticides, especially
since honeybees rely on complex cognitive abilities to successfully collect pollen and nectar in the environment while avoiding predators. To
better understand the sub-lethal effects of chlorpyrifos on honeybees, we
performed a series of memory and learning tests on forager honeybees
collected from a local hive. These bees were fed a range of field-realistic
doses of chlorpyrifos in sucrose solutions. The results from these studies
showed that an ingested dose equivalent to several orders of magnitude
lower than the LD50 impacted learning and memory. Our next aim
was to compare the threshold doses that caused sub-lethal memory and
learning effects to chlorpyrifos concentrations measured in honeybees
collected from 17 locations in Central Otago, on the South Island of
New Zealand, in the austral summer. These collection sites were selected
such that they represented a variety of land types and agricultural activities. Chlorpyrifos was quantified with matrix solid-phase dispersion and
gas chromatography with mass selective detection. The concentrations
were low compared to those reported in other countries and well below
the LD50. Nonetheless, the measured concentrations were within the
range for which sub-lethal effects on memory and learning could be
important.
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125 Distribution of neonicotinoids in the honeybee colony and its
significance for risk assessment
J. Purdy, Abacus Consulting Services Ltd.
Dead bees and impaired bees collected in front of the hive, live forager
bees at the hive entrance and nurse bees from the brood area inside
the hive were collected at a series of times for a two years and analysed
for the neonicotinoids acetamiprid, clothianidin and thiamethoxam
and the metabolite TZNG by LCMSMS. The patterns of distribution
among the sample types and variability of results vs sample size were
investigated. Colony health was also assessed: Mite levels were low, but
viruses were frequently found. The new quantitative virology method by
Quantigene was evaluated. Clothianidin, thiamethoxam and TZNG
were found in dead bees collected in front of the hives and forager
bees from the hive entrance but not in bees from inside the hive. The
physiology and fascinating eusocial behavior that leads to this pattern of
residues and implications for risk assessment will be discussed.
126 Current-use pesticides in native bees collected in 2013 and 2014
from varying land cover areas in Colorado, USA
M.L. Hladik, USGS / California Water Science Center; M. Vandever, K.L.
Smalling, USGS
Much attention has been given to the impact of pesticides on honeybees;
however, less research has been conducted with native bees. There is little
information on the potential exposure of native bees to pesticides in agricultural landscapes. Habitat quality and quantity are metrics currently
being used to better understand the ecosystem services Conservation
Reserve Program (CRP) fields provide for native pollinators. However,
there is limited information on the effect of pesticide exposure to native
bees as they forage in these areas. To better understand interactions
between native bees and pesticides, native bees were collected from CRP
grasslands located in two different land cover areas (rangeland and cropland) in northeastern Colorado in 2013-2014 and analyzed for pesticides
(in 2014 bees were also collected from nearby wheat fields). Bees were
collected bi-monthly from May to September/October at each land cover
type. The bees were analyzed for over 100 current-use pesticides, including neonicotinoid insecticides and fungicides (two groups of pesticides
shown adversely impact pollinators). Results of composite samples collected from four CRP grasslands included the detection of 18 pesticides
(seven of which were detected in both 2013 and 2014). Some of the most
frequently detected compounds in either year included the neonicotinoid
insecticides (clothianidin, imidacloprid, thiamethoxam), the insecticides
bifenthrin, chlorpyrifos and fipronil (including its degradate fipronil
desulfinyl), the herbicide atrazine, and the fungicides azoxystrobin and
fluxapyroxad. Results from the samples collected in the 2014 wheat fields
had 13 pesticides detected and were similar to those detected in bees
collected from the CRP grasslands. Further analysis will be conducted to
compare pesticide exposure to nearby land uses and bee foraging areas.
Information from this data set will help us better understand the exposure and accumulation of agricultural pesticides to native pollinators in
an attempt to define potential effects at the population level, particularly
on CRP lands where conservation efforts to promote pollinator health
are being implemented.
127 Longitudinal Analysis of Honey Bee Colony Strength and
Survival as a Function of Exposure to Pesticides, Pathogens, and
Varroa Mites
S. Kegley, Pesticide Research Inst; M. Flenniken, Montana State Univ;
R. Radford, T. Brown, B. Hill, Pesticide Research Inst; E. Roberts, Public
Health Inst; J. Anderson, California-Minnesota Honey Farms; S. Ellis, Old
Mill Honey Farms; D. Cox, Cox Honeyland
A number of stressors have been implicated in honey bee colony losses,
including exposure to pesticides, pathogen infections and Varroa mites,
as well as a decrease in available forage. The combination of these
stressors can amplify risk to honey bee colonies, as pesticides are known
to affect immune function and behaviors, and Varroa mites transmit
pathogens. Determining the relative contribution of each factor to the
problem of unsustainable colony losses is paramount to solving it. While

studies have been done on each potential stressor individually, few
longitudinal studies have been done, and no studies to date have evaluated colony health over time as a function of each different stressor alone
and in combination. This presentation will focus on a longitudinal study
we conducted with 60 commercial honey bee colonies tracked between
January 2014 and January 2015 in which pesticide residues and pathogen
levels were measured four times during the course of the year—before
almond pollination, immediately after almond pollination, in late spring/
early summer, and at the end of the summer. Mite loads and colony
strength were tracked more frequently, and beekeeper practices were
monitored throughout the year. While significant colony losses were
experienced by many commercial beekeepers after pollinating almonds
in the spring of 2014, the study hives were not substantially affected
immediately after being in the almond orchards. Nevertheless, a diverse
mix of fungicides and insect growth regulators (IGRs), as well as several
insecticides and herbicides were found in pollen from the study hives
after almond pollination. Additional insecticide exposure occurred during the summer months. By the end of the study year, only 50 percent of
the colonies were still alive. This presentation will focus on results from
this study and the methods used to evaluate correlations between colony
strength/survival and concentrations of different pesticides in hive matrices, pathogen levels, and mite counts, and will also explore the potential
for synergistic effects between pesticide chemicals. The data indicate that
colony survival through the year is not significantly correlated with mite
counts. Preliminary results from pathogen testing and pesticide residue
analysis show no difference in pathogen occurrence between strong and
weak hives, but do show weak correlations between colony growth rates
and exposure to several pesticides.

Assessing Risks of Pesticides to Federally
Listed (Threatened and Endangered) Species
at a National Level
128 Setting the Stage: Overview of the Ecological Risk Assessment
Process under the ESA and FIFRA
K. Myers, US Fish and Wildlife Service; T. Hooper; A. Blankinship,
USEPA; K. Paul, US Fish and Wildlife Service
The US Environmental Protection Agency, US Fish and Wildlife
Service, and the National Oceanic and Atmospheric Administration’s
National Marine Fisheries Service, with input from the US Dept of
Agriculture (together referred to as “the Agencies”) are using a 3-step
framework to address risk to the nation’s more than 1,400 threatened
and endangered species from the registration of pesticides. Building
on recommendations from a 2013 National Research Council report,
the agencies are integrating an ecological risk assessment framework
to address Endangered Species Act (ESA) consultation requirements
with registrations of pesticides under the Federal Insecticide, Fungicide,
and Rodenticide Act (FIFRA). The Agencies are implementing the
3-step framework for addressing risks to listed species from pesticides,
and are using this pilot process during the early stages of consultation
to begin drafting biological evaluations for three pesticide registration
consultations. Definitions and practices used in the framework will be
discussed, including: ESA effect determinations (i.e., no effect; may
affect, not likely to adversely affect; or likely to adversely affect); how the
endpoints used to arrive at these determinations differ from standard
risk assessment endpoints; consideration of effects to listed individuals,
populations, and species; effects to designated critical habitat; and other
requirements of an ESA consultation.

SETAC North America 36th Annual Meeting | 37

MONDAY PLATFORM ABSTRACTS
129 Using Data Compiled by FESTF to Support a National
Endangered Species Assessment Case Study on Organophosphate
Insecticides
A.R. Frank, R.P. Kemman, K. Campasino, Compliance Services
International; T. Hall, Bayer CropScience / Environmental Toxicology and
Risk Assessment; N.N. Poletika, Dow AgroSciences LLC / Field Exposure
and Effects Dept; P. Whatling, Cheminova, Inc.; L. Phelps, ADAMA
The USEPA’s Office of Pesticide Programs (USEPA-OPP) has initiated the registration review process under the Federal Insecticide,
Rodenticide and Fungicide Act (FIFRA) and is using three organophosphate (OP) insecticides as pilot chemicals for analysis in a national
level endangered species assessment. To help data implementation move
forward and assist USEPA-OPP with developing a workable approach,
the FIFRA Endangered Species Task Force (FESTF) and the affected
OP registrant member companies, are conducting a case study on the
first three OPs: malathion, diazinon, and chlorpyrifos. The OP case
study conducted by FESTF and the affected OP registrants focuses on
producing informative and responsive information drawn from FESTF
data and work products and delivering this information efficiently so that
it can be used to inform and support USEPA’s endangered species effects
determination and final risk management decisions. The various details
compiled from FESTF data and used to support the OP case study
include information on obligate relationships, species associations, and
other biological attributes of federally listed species; distribution of species in aquatic habitat bins proposed by USEPA and the Services; species
and pesticide use site presence by regional hydrologic units (HUCs); and
development of crop footprints based on crops and crop groupings from
the Cropland Data Layer (CDL). This compiled information will be
used by the registrants and provided to USEPA-OPP for use in agency
assessments, which may require the exploration of various delivery and
presentation mechanisms in order to maximize the efficiency and accuracy of the species assessment process.
130 Use of toxicological data in the assessment of pesticide risk to
threatened and endangered species
G.E. Noguchi, S.J. Pollack, US Fish and Wildlife Service / Ecological
Services; M.A. Panger, USEPA / Office of Pesticide Programs; D.H.
Baldwin, NOAA Fisheries / Northwest Fisheries Science Center; P.L.
Shaw-Allen, NOAA Fisheries / Office of Protected Resources Endangered
Species Division
A critical element of any risk assessment is the appropriate retrieval,
selection, review, and use of available data. The National Marine
Fisheries Service, U.S. Dept of Agriculture, US Environmental
Protection Agency, and US Fish and Wildlife Service have been developing an approach for evaluating risk to federally listed threatened and
endangered species and their designated critical habitats to ensure that
toxicological data are used appropriately and consistently across pesticide risk assessments. Inclusion of data beyond the traditional direct
measures of survival and reproduction has resulted in new dialogue to
achieve common understandings of risk. Here we present an overview of
how toxicological data were used in the pilot national-level pesticide risk
assessments. We will describe how these data contributed to the overall
risk characterization and their role in establishing quantitative thresholds, characterizing adverse outcome pathways, and informing lines of
evidence.
131 Use of species sensitivities distributions and species grouping
strategies in national-level endangered species risk assessments
A. Blankinship, USEPA; K.V. Garber, Office of Pesticide Programs
Environmental Fate and Effects Division; M. Etterson, USEPA / ORD
NHEERL Mid-Continent Ecology Division; C.A. Laetz, NOAA /
Northwest Fisheries Science Center; S.J. Pollack, US Fish and Wildlife
Service / Ecological Services; P.L. Shaw-Allen, NOAA National Marine
Fisheries Service / Office of Protected Resources Endangered Species Division
A common challenge encountered in ecological risk assessment is
addressing uncertainties that arise from using data from a limited number of tested species to represent hundreds or thousands of other species.
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In general, a taxon-based approach is used, where a single test species
(e.g., laboratory rat) is assumed to be representative of the responses of
other species in a broader taxonomic group (e.g., mammals). Of course, it
is not assumed that those tested species are necessarily the most sensitive
compared to other species within the taxonomic group, but rather are
suitable for testing purposes (i.e., husbandry is established, responses
can be attributed to chemical stressors). In the case of the national-level
endangered species risk assessments for chlorpyrifos, diazinon and
malathion, large data sets are available where many species within the
same taxonomic group are tested. This allows for consideration of relative
sensitivities of species or genera using distributions of toxicity data (species sensitivity distributions (SSDs). These relative sensitivities may be
used to quantify uncertainties in using surrogate test species to represent
the responses of specific listed species. The use of SSDs in a nationallevel endangered species risk assessment will be presented. Additionally,
given the large number of species listed (or proposed) as endangered or
threatened or are considered candidates (approximately 1850 species),
approaches used in designing a grouping strategy (e.g., combining species with similar diets and/or habitats) for assessing risks of these three
chemicals will also be presented.
132 A Weight-of-Evidence Approach for Making Effects
Determinations for Federally Listed Species and Pesticides
N.H. Golden, US Fish & Wildlife Service / Ecological Services; M.A.
Panger, USEPA / Office of Pesticide Programs; S.A. Hecht, NOAA /
National Marine Fisheries Service
The United States Environmental Protection Agency, US Fish
and Wildlife Service, the National Oceanic and Atmospheric
Administration’s National Marine Fisheries Service, and the U.S. Dept
of Agriculture are jointly developing a framework to address the risk of
pesticides to federally threatened and endangered species (listed species)
and their designated critical habitats. Here we present the weightof-evidence approach that is being used to make ‘Likely to Adversely
Affect/Not Likely to Adversely Affect’ determinations in three pilot
national-level pesticide risk assessments. The weight-of-evidence
approach involves the development of risk hypotheses and lines of evidence that are used to test the risk hypotheses. For each line of evidence,
there is an evaluation of the data used to support the line of evidence
based on a consideration of the relevance and robustness of the available exposure information, and relevance, surrogacy and robustness of
the available effects data. Once a level of confidence in the data for each
line of evidence has been established, there is an evaluation of potential
risk (considering effects and exposure). Finally, criteria are applied to
integrate the weights given to the confidence in the available data and
the risks associated with each line of evidence to make overall effects
determinations for each species and critical habitat assessed.
133 Aquatic Modeling to Estimate Pesticide Exposure to Threatened
and Endangered Species
M. Corbin, C. Peck, USEPA; T. Hawkes, National Marine Fisheries
Service; G. Noguchi, US Fish and Wildlife Service
The National Marine Fisheries Service, US Dept of Agriculture, US
Environmental Protection Agency, and US Fish and Wildlife Service
have been developing an approach to estimate pesticide exposure to
threatened and endangered species for national scale assessments of
pesticide registrations. This approach is based on recommendations from
the National Research Council (NRC) Committee on Ecological Risk
Assessment. This paper will outline procedures developed by the interagency workgroup for the aquatic exposure assessment portion of Step
2 of the analysis, determining the likelihood of adverse effects to listed
species at the individual scale which will ultimately feed into Step 3.
Topics covered will include a description of the fate and transport models
used, model parameterization to estimate exposure in generic aquatic
habitats with physical characteristics corresponding to habitat volumes
and flow rates used by listed species, incorporation of geospatial data
sets to derive exposure estimates for listed species that vary temporally
and spatially, and procedures to account for uncertainty in the exposure
estimates for different generic aquatic habitats.
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134 Probabilistic modeling to account for spatial and temporal variability in aquatic pesticide concentrations for endangered species risk
assessments
L. Padilla, Stone Environmental, Inc.; M.F. Winchell, Stone
Environmental, Inc. / Environmental Systems Modeling; N. Peranginangin,
L. Ghebremichael, Syngenta Crop Protection LLC; R. Brain, Syngenta Crop
Protection, Inc. / Dept of Environmental Risk Characterization; A. Clark,
Syngenta Crop Protection LLC
In the US Environmental Protection Agency’s biological evaluation of
potential pesticide risks to listed (endangered and threatened) species,
USEPA intends to use the Surface Water Concentration Calculator
(SWCC) to simulate aquatic concentrations of pesticides for varying environmental and habitat characteristics. SWCC predictions
will be generated for each 2-digit hydrologic unit code (HUC2) in the
United States based on a limited set of crop, soil, weather, and hydrologic conditions. This limited number of simulations results in a single
point estimate per crop and HUC2 that may not be representative of
the widely varying conditions across species habitat regions within a
HUC2. This presentation introduces an approach to probabilistically
account for a wide range of environmental conditions occurring around
aquatic habitats. Spatial analysis is conducted to develop area-based,
taxa/crop/HUC2-specific probability distributions of soil properties,
water body characteristics, weather, cropped area and crop proximity
to water bodies using the best available national spatial datasets including the Soil Survey Geographic Database, Cropland Data Layer, and
National Hydrography Dataset. Probability distributions are also created
for pesticide application timing based on crop growth and/or labeled
management practices. Unique combinations of SWCC input parameters
are generated from these probability distributions using Latin Hypercube
sampling to account for the spatial and temporal variability of critical
model inputs. SWCC simulations will be conducted on a web-based
system to allow running of thousands of 30-year daily simulations to
generate an ensemble of concentration predictions for various exposure
durations. Results help assess the likelihood of pesticide exposure at
various concentrations and durations for specific taxa habitat areas in
each HUC2. This approach is also extensible to smaller regions such as
individual species habitat areas or sub-areas.
135 On-going Improvements to the AGDISP Pesticide Drift Model
H. Thistle, USDA Forest Service / FHTET Forest Health Protection
AGDISPTM and the related model AgDRIFT are widely used by
government agencies and private individuals in assessing exposure due
to drift of pesticides in the environment. The USDA Forest Service
(FS), working with Continuum Dynamics Inc. (Ewing, NJ), is the
developer of AGDISPTM. The model has been in existence in some
form since the 1980’s. AgDRIFT incorporates AGDISPTM as part
of its three tier assessment system. Currently, both AGDISPTM and
AgDRIFT are available from the USEPA. Though AGDISPTM has
assumed a formal role in pesticide regulation and risk assessment, the
FS has continued development work onto the AGDISPTM platform.
The models are essentially droplet deposition models which incorporate
the details of the application scenarios to predict landing positions of
pesticide droplets. The code is in the public domain and is freely available. Current development work focuses on: 1) Extending the domain
of the model further downwind. Interfaces to the air pollution models
CalPuff and SciPuff are being designed. These interfaces will be tested
using drift data collected at Dugway Proving Grounds in western Utah.
2) Improving the handling of evaporation in the cloud of spray droplets
as it translates downwind. Previous work has shown that the model is
sensitive to ‘neighborhood’ or ‘cloud’ effects which tend to limit droplet
evaporation. A bench test has been devised to quantify this effect and it
will be incorporated into the model as an option. 3) Improving the droplet interactions with the target canopies through incorporation of splash
and rebound effects in canopy retention of droplets. A better algorithm
for turbulent effects of canopy roughness is also being developed. 4)
Increasing the reality and flexibility of the mechanistic ground sprayer
model currently coded into AGDISPTM.

Dealing With Bias in Chemical Risk
Assessment
136 We are all biased - that is why we need science in risk assessment but it can do a better job
P. Calow, Univ of Minnesota / ORED
Science has been so successful because it does not take the views of
scientists that seriously. The key features are that it subjects these views
(our hypotheses) to rigorous assessments, based on evidence that is collected under controlled conditions and carried out to the satisfaction of
the community of scientists. But there are signs that the process is not
delivering. Retraction rates have been on the increase. There is evidence
that funding source affects results. This is particularly obvious in regulatory (risk assessment) science. Using the opportunities of the electronic
revolution to make more of the raw data available and to subject papers to
more rapid and broader review has to be part of the solution.
137 Bias in Developing Health and Ecological Assessments and
Potential Solutions
S.M. Cormier, USEPA / NCEA Cincinnati; G.W. Suter, USEPA /
National Center for Environmental Assessment
The effectiveness and credibility of environmental decisions depend on
the information provided by scientific assessments. However, assessments provided by government agencies, industries, and environmental
advocacy groups often conflict, suggesting that biases may occur during
assessment processes. Sources of bias include personal bias, regulatory
capture, advocacy, reliance on volunteer assessors, biased stakeholder
and peer review processes, literature searches, standardization of data,
inappropriate standards of proof, misinterpretation, and ambiguity.
Assessors can adopt practices to increase objectivity, transparency, and
clarity. Objectivity is increased by debiasing practices such as conscious
self-awareness, considering the opposite, and following a standard
framework. Technical transparency is achieved by practices such as
documenting and justifying assumptions, data selection and analytical
methods. Ethical transparency includes revealing funding sources and
conflicts of interest. Clarity results from presentations that avoid obscure
text and unexplained technical methods so biases will not be obfuscated.
Decision makers, managers of assessors, and institutions that commission assessments can adopt other practices that minimize their influence
on assessors. In addition, they can adopt practices such as external
peer review of assessments or commissioning neutral parties to judge
contending assessments. Finally, environmental assessment should be
recognized as a profession with its own technical and ethical best practices. The views expressed in this abstract are those of the authors and do
not necessarily represent the views or policies of the USEPA.
138 Compliance with Good Laboratory Practices (GLP) Does Not
Guarantee Study Quality
J.P. Staveley, Exponent
Regulatory agencies faced with the task of conducting prospective risk
assessments on chemicals usually rely on data generated under standardized study guidelines that have been submitted by the regulated
industry. While there are many valid reasons for this approach, it has
been criticized that regulatory reliance on industry-submitted studies
presents an inherent conflict of interest. One of the factors that may
contribute to this perception of bias among critics of the use of industrysponsored research is a lack of understanding of the regulations in place
that promote integrity, objectivity, and transparency in study performance. Good Laboratory Practices (GLP) regulations have been in
place for over 25 years, covering studies submitted to regulatory agencies
worldwide on the environmental fate and effects of myriad substances
(pesticides, drugs, industrial chemicals, etc.) yet understanding of GLPs
appears to remain limited, perhaps because academic research is rarely
conducted under GLP. GLP encompasses many of the basic elements of
conducting a sound scientific investigation, including the training and
qualifications of personnel, maintenance and calibration of equipment,
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handling of test and reference substances, written standard operating
procedures, inspection by an independent quality assurance unit, detailed
record-keeping to allow reconstruction of the study, and archiving of all
data. However, data quality is often considered to have two components:
reliability and relevance. Compliance with GLP addresses reliability, but
does not guarantee that the study will be relevant for addressing the risk
assessment question at hand. The intent of this presentation is to foster
an understanding of GLPs, and illustrate what GLP compliance does
and doesn’t accomplish.
139 Biased Data and Potential Solutions for Health and
Environmental Assessments
G.W. Suter, USEPA / National Center for Environmental Assessment; S.M.
Cormier, USEPA / NCEA Cincinnati
The utility and credibility of environmental assessments depend on
the use of unbiased data. However, it is increasingly clear that, despite
peer review, much of the scientific literature is biased. Sources of bias
may include publication practices, research design and implementation, funding influences, investigator expectations, statistical methods,
confounding, suppression, and fraud. Assessors can take precautions
against biased data by performing their own reviews of the sources of
data, checking for retractions and corrections, requiring full disclosure
of methods, acquiring and reanalyzing original data, avoiding secondary
sources, avoiding unreplicated studies or studies that are not concordant
with related studies, and checking for funding or investigator biases.
Journals, government agencies and other institutions can take more types
of actions to reduce bias in scientific data. Some of these practices are
already being implemented but others will require a greater willingness
to enforce scientific ethical standards. The most direct approach would be
to require that industry or advocacy funding of research related to public
health and the environment be funneled through a professional society
or other neutral party. Alternatively, an internationally audited standard
could be developed that grades policy-relevant studies and is applied by
professional auditors. In the absence of those ideal practices, individual
assessors must assume the burden of checking data for bias before they
use it. [The views expressed in this abstract are those of the authors and
do not necessarily represent the views or policies of the USEPA.]
140 A Tale of Two Scientific Worlds : a case study with Bisphenol A
(BPA)
L.S. Ortego, Bayer CropScience / Environmental Toxicology and Risk
Assessment; E.M. Mihaich, ER2; C.A. Staples, Assessment Technologies,
Inc.; J. Woelz, Currenta; S. Hentges, American Chemistry Council
Bisphenol A (BPA), primarily used as an intermediate in the production of polycarbonate plastic and epoxy resins, has been approved by
multiple regulatory agencies as safe for use in food contact for over 40
years. But in recent years, the safety of BPA has been challenged and
debated with scientists interpreting the same studies very differently.
Differences of opinion on the hazard and risk of BPA can originate from
differing research objectives (i.e., understanding mode of action vs. risk
assessment of chemicals), the selection of different assessment endpoints,
and variable procedures for developing toxicity benchmark values and
exposure estimates. Approaches to BPA hazard and risk assessment will
be presented, highlighting the importance of transparency, data quality
assessment, as well as best practices for hazard and risk assessment, that
minimize bias. Finally, the importance of minimizing bias in science and
in the assessment of science to encourage public trust and acceptance of
scientific and regulatory decisions will be discussed.
141 Industry sponsored; implications of collaborative research
R. Brain, Syngenta Crop Protection, Inc. / Dept of Environmental Risk
Characterization; D. Campbell, Syngenta / Dept of Regulatory Affairs
The phrase “industry sponsored” has a somewhat tenuous public connotation and is often a required disclosure for most scientific journals
publishing research funded by an industrial source. However, contrary to the classical implication, contemporary research supported
by industrial-sourced funds is subject to a highly rigorous standard of
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compliance, documentation and transparency. Prior to such research
on pesticides being submitted to a regulatory authority, such as the US
Environmental Protection Agency, an independent review is required by
law. The review includes re-analyses of the raw data to ensure the study
conforms to established guidelines, meets validity criteria and reflects
appropriate conclusions. However, because industry submitted or sponsored research is often proprietary due to business confidentiality, there
exists some degree of public skepticism, leaving the question of whether
there are appropriate mechanisms to address this perceptual challenge. Ideologically, scientific research should be viewed objectively and
judged based on its merit rather than its funding source, but often it is
not. One suggested effective means to address this challenge is through
collaborative research. Working collaboratively with academic research
institutions and regulatory scientists, where possible, provides the opportunity for multipartite interaction, intellectual synergy, transparency
and shared credibility. Several case studies will be discussed detailing
collaborative research projects funded by industry with a shared strategy
of concurrent submission to regulatory authorities and peer-reviewed
journals.
142 Improved understanding through collaboration - European initiatives encouraging interaction between academia and regulators
M. Agerstrand, Stockholm Univ / Environmental Science and Analytical
Chemistry
The regulatory awareness, i.e. the understanding of environmental legislation, data requirements and risk assessment processes, is low among
environmental scientists. This creates a barrier between academia and
regulatory agencies that may prevent collaboration and regulatory use of
peer-reviewed studies. Three European initiatives aiming at simplifying and encouraging interactions between regulators and academia are
described. These initiatives have all enhanced the regulatory awareness,
which in turn can make better societal use of academic studies. 1) The
CRED evaluation method, developed in collaboration with regulators
and consultants, help risk assessors evaluate aquatic ecotoxicity studies
in a structured and transparent way. It deviates from previously proposed evaluation methods by providing relevance criteria and additional
guidance material, and by not discriminating between standard and
non-standard studies. In addition, the CRED reporting recommendations help authors of peer-reviewed studies design, perform and reports
studies in a way that promotes reproducibility and reliability, thereby
ensuring that regulatory requirements are fulfilled. 2) Clear guidance
is also lacking for systematic evidence integration and this contributes
to exclusion of non-standard studies in regulatory risk assessments.
Researcher at Stockholm University have, together with international
experts on endocrine disrupting chemicals, developed a method for how
to evaluate and integrate a wider range of studies representing several
lines of evidence, such as in silico, in vitro, ecotoxicity, toxicity, and epidemiological studies. This method can be used when evaluating highly
debated substances such as bisphenol A and phthalates. It promotes
transparency and justification of decisions, and provides guidance for
how to weight studies based on their strengths and weaknesses. 3) The
Dept of Environmental Science and Analytical Chemistry at Stockholm
University has a tradition of collaborating with several government
agencies through workshops, seminars, master and candidate thesis, and
expert opinions. This collaboration has given a deeper understanding of
the barriers that exist between regulators and academia and the actions
and resources needed to close this gap.
143 Identifying Conditions for the Legitimacy of Industry Funded
Research
K. Elliott, Michigan State Univ / Lyman Briggs College; J. Besley, J.
Martin, A. McCright, T. Oshita, N. Kaminski, Michigan State Univ
Industry currently pays for most chemical safety studies, but the impact
of this research is hampered by public skepticism about the legitimacy
of industry-funded science. This talk reports on an interdisciplinary research project that is employing philosophical and sociological
techniques to identify strategies for increasing public confidence in
industry-funded studies and risk assessments. According to recent work
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in the philosophy of science, one of the primary factors that enhances
scientific objectivity is the creation of effective venues for critical
evaluation of scientific evidence, methods, and assumptions. From this
perspective, to increase the legitimacy of industry-funded research and
risk assessments it is important to develop transparent opportunities for
outside parties to access and evaluate the methods and techniques used.
Unfortunately, industry is often limited by considerations of confidentiality and the need to protect proprietary information. Nevertheless,
some limited steps for promoting transparency have already been widely
implemented: standardizing study designs and assessment procedures,
disclosing funding sources, and providing peer review of published work.
Other strategies could increase transparency further: developing research
collaborations between industry and outside groups, such as NGOs;
creating independent federal or international institutes that perform
chemical safety studies for regulatory purposes; developing external
advisory boards that have significant influence over study design and
interpretation; and creating avenues for making more study data available to a wider range of stakeholders. Our collaboration is engaged in an
ongoing set of social-science experiments to examine how taking some of
these steps would affect public perceptions of the legitimacy of industryfunded research and risk assessments. Preliminary findings indicate that
some of these strategies can indeed increase the legitimacy of research,
although not to the level of research performed by government or academic sources without industry funding.

Fate and Effects of Metals: Aquatic Biological
Perspectives
144 Chronic effects of lead to topsmelt fish (Atherinops affinis)
E. Reynolds, Loyola Univ Chicago; T. Hoang, Loyola Univ Chicago / Inst of
Environment and Sustainability
Lead (Pb) occurs in the environment as a consequence of both natural
and anthropogenic processes, with mining and smelting, coal burning,
and cement manufacturing contributing most of the Pb contamination
of aquatic environments. The objective of this study was to determine the
chronic toxicity of Pb to larval topsmelt (Atherinops affinis) in support
of development of species sensitivity distribution (SSD) for ecological
risk assessment and setting water quality criteria for Pb. The study was
conducted for 28 days in a water flow-through testing system consisting
of a control and 5 Pb treatment concentrations with 4 replicates each.
Survival, dry weight and standard length were measured. Measured
dissolved Pb concentrations were used to determine no observed effect
concentration (NOEC), lowest observed effect concentration (LOEC),
lethal effect concentrations (LC20 and LC50), and effective concentrations based on growth endpoint (EC20, EC50). The present study found
that Pb affected survival and growth of topsmelt fish. The NOEC and
LOEC were 46 and 90 µg/L dissolved Pb, respectively. The 28-d LC20
and LC50 were 51.18 and 82.34 µg/L dissolved Pb, respectively. Using
dry weight data, the EC20 and EC50 values were 62.57 ug/L and 150
ug/L dissolved Pb, respectively. Results of the present study are useful
for SSD and setting Pb water quality criteria.
145 Subchronic toxicity of platinum group elements as determined
with the standardized toxicity test (ISO 10872) using the nematode
Caenorhabditis elegans
G. Schertzinger, Univ of Duisburg-Essen / Aquatic Ecology Biology; B.
Sures, S. Zimmermann, D. Grabner, Univ of Duisburg-Essen / Aquatic
Ecology
As a consequence of the release of platinum group elements (PGE)
from automobile catalytic converters the environmental concentrations of PGE are increasing within the last three decades. Due to the
ongoing emission of PGE these metals do not only accumulate in soils
and aquatic sediments but become also available for flora and fauna.
Accordingly, appropriate tools are required to investigate the biological
availability and toxicity of PGE. No PGE toxicity data exist for terrestrial invertebrates, additionally, little is known about chronic effects of

Pt, Pd and Rh on organisms as well as on their effects on the population
level. Traffic related PGE are mainly deposited in soils and sediments
along roads. Accordingly, the use of nematodes as test organisms is favorable, as they are very abundant in nearly every type of soil or sediment.
The nematode Caenorhabditis elegans has widely been used for assessing
metal toxicity because of its advantages compared to other organisms
such as easy maintenance, short testing period, low expenses, transparent
body, and invariable life cycle. Moreover, a comparison of LC50–values
for C. elegans with those of other benthic organism’s shows that C. elegans
is more sensitive in exposure experiments using metal salts. The aim of
this study was to investigate the toxicity of the platinum group elements Pd, Pt and Rh using C. elegans as test organism. The exposure
experiments were conducted by applying single metal standard solutions
according to a standardized test system described in ISO 10872. Due
to an exposure period of 96 h at 20°C, which covers the whole life span
of C. elegans also subchronic effects and effects on the population level
could be determined. Toxic effects were evaluated on the level of growth,
fertility, and reproduction, which have been shown to be adequate and
sensitive endpoints in the assessment of metal toxicity on nematodes.
146 Toxicity ameliorating effects of cations and dissolved organic
carbon on Thulium toxicity to Hyalella azteca
A. Loveridge, Wilfrid Laurier Univ / Biology; S.D. Smith, Wilfrid Laurier
Univ / Dept of Chemistry; J. McGeer, Wilfrid Laurier Univ / Dept of
Biology
Demand for REEs is growing and as a result the potential for environmental exposure is a concern. In a previous study Thulium (Tm), a heavy
REE, was evaluated to be highly toxic, with a reported LC50 value of
0.01 µg/L (Borgman, 2005). The objective of this research is to evaluate the aquatic toxicity of Tm by studying its interactions with dissolved
organic carbon (DOC) and cationic competition (Ca2+ and Mg2+).
Environment Canada standard (EPS1/RM/33) 96h acute toxicity tests
were conducted at 22C in a reconstituted medium with a pH of 7.3 ± 0.1
and a hardness of 60 mg CaCO3/L. Hyalella azteca neonates (2-9 days
old) were used and mortality was the selected end point. Tests were conducted with dissolved organic matter (up to 10 mg/L DOC added) with
Ca and Na (concentrations from 0.5-2mM) and with Mg (0.15-0.5mM).
The 3-fold increase in Ca concentration resulted in increased LC50 values from 1850 to 8250 µg/L based on nominal concentrations. However,
the LC50 values taken from measured total Tm concentrations were 44%
of the nominal. Dissolved concentrations were always less than total,
LC50s ranged from 26.5% - 46.7% of the total measured LC50 values. A
protective effect was also observed for additions of DOM and the LC50
increased by 2-fold when 7 mg DOC/L was added. Different sources
of DOM were compared to assess the importance of DOM source on
toxicity mitigation. This data will contribute to an improved understanding of Tm toxicity in aquatic environments as well as the development
of approaches for estimating the potential impacts of trivalent metals
on a site specific basis. Funding for this research is from NSERC and
Environment Canada with the participation of Avalon Rare Metals Inc.
147 Fate of Arsenate (AsV) and its effect on the biomarkers of an
aquatic macrophyte Myriophyllum alterniflorum in eutrophic and
oligotrophic conditions
M. Krayem; P. Labrousse, Université de Limoges / Faculté de Pharmacie; V.
Kazpard, Lebanese Univ; V. Deluchat, Université de Limoges
Watermilfoil, Myriophyllum alterniflorum is an aquatic macrophyte found
in the Limousin rivers (France) whose potential for biomonitoring of
metal pollution has been demonstrated. The objective of the present
study carried out in vitro in a closed system is to identify biomarkers for
an early detection of the pollution by a metalloid in eutrophic and oligotrophic conditions. To achieve this goal, a synthetic medium of similar
composition to the waters of the River Vienne is prepared. The morphological development of Watermilfoil is monitored for 30 days, with or
without contamination by 100 µg /l As V. In addition, the mineralization
of fresh material and the analysis of biomarkers (chlorophylls, photosynthetic and respiratory intensities, H2O2 ...) are performed after 21 days.
Preliminary results indicate that arsenic present deleterious effects on the
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respiratory and photosynthetic activities, on the osmotic potential and on
the pigments content of the plant in both conditions, and on the concentration of H2O2 only in eutrophic condition. The growth of ramification
was reduced in eutrophic medium and totally inhibited in oligotrophic
medium. In addition, the highest accumulation of arsenic was found
in the plant’s roots. After these in vitro experiments, complementary
experiments in mesocosms are in progress. Further, in situ experiments
including watermilfoil reimplantation should help to refine these results.
148 Dynamic behavior and speciation of arsenic at the base of aquatic
food webs
A.R. Harris, North Carolina State Univ / Zoology Environmental
Toxicology; D. Buchwalter, North Carolina State Univ / Dept of Biological
Sciences
Arsenic is broadly distributed in the Earth’s crust, however contribution
from anthropogenic sources such as metal mining and smelting, wood
combustion, waste incineration, pesticide use, and coal combustion far
exceed those from natural sources. The behavior and toxicity of arsenic in
freshwater food webs is highly complex. Both geochemical and biological
processes influence chemical speciation and bioavailability from aqueous
and dietary sources. Because periphyton is an important food source
at the base of freshwater ecosystems and tends to bioconcentrate trace
elements, our research is focusing on arsenate accumulation dynamics,
speciation and subsequent trophic transfer to benthic invertebrates using
As-73 as a radiotracer. Across a range of pHs from 6.5 to 8.5, aqueous
uptake rates of arsenate in periphyton decreased 7.1-fold in a pH dependent manner. This faster uptake at lower pHs suggests that protonated As
forms are more bioavailable to periphyton. In other studies, periphyton
was exposed to a single pulse of As averaging 0.24, 2.2 and 5.7 ug/L over
8 days. Periphyton appeared to reach steady state concentrations with
enrichment factors estimated to vary between 143-213-fold on a wet
weight basis. Initial dietary studies reveal that the assimilation efficiency
(AE) of As from periphyton was 58±12% in the mayfly Macaffertium sp.
AE experiments with other grazing aquatic invertebrates are ongoing
and will be presented. To better understand the trophic transfer of As
from periphyton to benthic grazers we will conduct speciation experiments using XANES, and present the results of full life cycle tests with
the mayfly Neocloeon triangulifer exposed to a wide range of dietary As
concentrations. Together these results have broad impacts for regional
and national monitoring programs by identifying important environmental and biological processes in arsenic speciation as well as highlighting
interspecies differences in arsenic bioaccumulation.
149 New findings on mercury neurotoxicity disclosed by oxidative
stress profiles in fish brain upon exposure to inorganic and organic
mercury forms
P. Pereira, Portuguese Inst for Fisheries & Sea Research; O. Cardoso, F.
Brandão, Univ of Aveiro / Dept of Biology and CESAM; N.J. O’Driscoll,
Acadia Univ / Dept of Earth and Environmental Science; J. Canário, Unive
de Lisboa / Centro de Química Estrutural, Instituto Superior Técnico; M.
Pacheco, Univ of Aveiro / Dept of Biology and CESAM
Fish brain demonstrated to be a target organ for organic mercury forms
(mainly methylmercury – MeHg). However, there is little information on the neurotoxicity of divalent mercury (Hg(II)) and its ability to
accumulate in fish brain. The prevalent information on MeHg is likely
based in the perception of its higher toxicity associated with rapid uptake
and distribution. Nevertheless, it has been also stated that the different
forms of Hg share the same toxic chemical entity and, thus, neurotoxicity
depends mainly on bioavailability. To clarify this research gap, 2 experiments comprising exposure and post-exposure periods were performed
with juvenile white seabream (Diplodus sargus), namely: (a) waterborne
exposure to Hg(II) (2 µg L-1); (b) dietary exposure to MeHg (8.0 µg
g-1). Both exposures followed the same experimental design, consisting in 4 exposure periods (E) (days 1, 3, 7 and 14) and 2 post-exposure
periods (PE) (days 14 and 28). A control group was kept throughout
the experiments in clean seawater and fed with uncontaminated food.
At each time, brain was collected for determination of total Hg (tHg),
MeHg and oxidative stress endpoints. Though tHg accumulation
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reached maximum values in brain of both experiments after 14 days
of exposure, the highest levels were reached upon exposure to MeHg
(7.0 µg g-1 vs. 1.4 µg g-1 for Hg(II)). Interestingly, fish brain exposed
to Hg(II) was not able to eliminate Hg, while MeHg levels decreased
significantly in the post-exposure period (3.5 µg g-1). Moreover, there
was a poor activation of antioxidant defenses in fish brain exposed to
Hg(II), mainly characterized by increase of SOD and GR activities.
The low protection afforded by antioxidants (confirmed by GPx activity
decrease) was probably on the basis of oxidative damage, as revealed by
the enhancement of protein carbonyl groups in exposure and postexposure periods. MeHg exposure leaded to a different scenario, mainly
characterized by an activation of antioxidant defenses (SOD, CAT, GPx,
GSHt, GST) that were able to prevent oxidative damage on proteins and
lipids. Despite the higher accumulation of MeHg in fish brain, there was
a higher vulnerability of fish brain to Hg(II) depicted in the occurrence
of oxidative damage and less responsiveness of the antioxidant systems.
Thus, Hg(II) revealed a higher neurotoxicity potential, pointing out the
relevance to consider this Hg form, together with MeHg, in further
studies concerning wildlife and human health.
150 Effects of food additions on toxicity of inorganic and methyl mercury to Daphnia magna
C. Hylton, M. Tsui, Univ of North Carolina Greensboro
Acute toxicity of two forms of mercury, inorganic mercury [Hg(II)] and
methylmercury (MeHg), to Daphnia magna was characterized using a
48-h acute toxicity test. The acute tests were each performed according
to the standard toxicity test procedure, but each test was also performed
with the addition of a green algal (Selenastrum capricornutum)diet to
examine the effects of the presence of food on the toxicity of Hg(II) and
MeHg. Overall, Hg(II) has higher acute toxicity to D. magna than does
MeHg, with 48-h LC50s being ~14 µg/L for Hg(II) and ~43 µg/L for
MeHg (calculated using measured concentrations). Interestingly with
the addition of S. capricornutum to the test beakers, we found that 48-h
LC50s for MeHg decreased significantly from 43 to 21 µg/L, but we
did not observe a similar trend for the Hg(II) tests. Therefore, our data
suggests that with the presence of food, MeHg exposure, but not Hg(II),
to D. magna would remarkably increase. The increase could potentially
be a result of the concentration of aqueous MeHg by the algal particles
and subsequent elevated uptake and assimilation by D. magna. Currently,
we are performing 21-d chronic toxicity experiments for both forms of
Hg, and the results will be presented and discussed. In summary, our
work implies that the standard protocol for the acute toxicity test, which
excludes food during the experiment, may underestimate the toxicity of
particle-reactive and highly assimilative chemicals such as MeHg.
151 Exposure to pollutants in Madín Reservoir (Mexico) induce cyto
and genotoxic effects in the common carp Cyprinus carpio
C. Martínez-Vieyra, Univ Autónoma del Estado de México /Facultad de
Química; M. Galar-Martínez, S. García-Medina, Instituto Politécnico
Nacional, Escuela Nacional de Ciencias Biologica; L.M. Gomez-Olivan,
Univ Autónoma del Estado de México /Facultad de Química
Madín reservoir (MR) is located on the Rio Tlanepantla in Mexico.
Previous studies seeking to identify pollutants at this site evidence
that MR water contains a considerable metal load as well as nonsteroidalantiinflamatory drugs (NSAIDs) at concentrations above those
determined suitable for aquatic life. Previous studies in our laboratory
(May 2007) have shown that contamiants presents in MR water and
sediments induce oxidative stress in the liver and brain of the common
carp (Cyprinus carpio), as evidenced by biomarker values for LPX and
SOD, CAT, and GPx activity. Six years later (February 2013); another
study, conducted to determine MR deterioration over time, found oxidative stress in gill, blood, and muscle of C. carpio, reflected by changes in
LPX, hydroperoxide content (HPC), protein carbonyl content (PCC),
and SOD, CAT, and GPx activity after acute (96-h) exposure to pollutants in diverse sampling sites in MR. The aim of this paper is to
evaluated the genotoxicity and citotoxicity generated by effluents of MR.
Cyprinius carpio was exposed at different exposure times of 12, 24, 48,
72 and 96 h under static conditions without renewal. Five water samples
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systems and a control system were set up for each exposure time. Assays
were performed by triplicate and a total of 180 specimens were used. At
the end of the exposure period, all six fish in each of the test systems corresponding to that specific exposure time were anesthetized in order to
obtain a blood sample from the caudal vein. DNA damage was evaluated
by comet assay (Tice et al., 2000) and micronucleus test (Heddle, 1973);
the cytotoxic evaluation was realized with TUNEL assay (ApopTag
Fluorescein S7110) and caspase-3 activity (CaspACETM). The first
show an increment of geno and cytotoxicity levels compared with the
control system and these is more evident in areas of the reservoir where
the breakdown is more obvious, like in Viejo Madin village.

Terrestrial or Wildlife Toxicology and
Ecology General
152 Seasonal differences in the accumulation of polybrominated
diphenyl ethers (PBDEs) in migratory and resident songbirds of
North and Central America
A. Maldonado, M.A. Mora, Texas A&M Univ / Wildlife and Fisheries
Sciences; J. Sericano, Texas A&M Univ / Geochemical and Environmental
Reaserch Group
Brominated flame-retardants are a class of halogenated organic compounds that are used in a wide variety of products such as plastics,
textiles and electronics. Of particular concern are additive flameretardants such as polybrominated diphenyl ethers (PBDEs). Their
widespread use and occurrence has led to their ubiquitous presence and
is therefore cause for concern as an emergent contaminant. Songbirds
from North and Central America were examined for PBDEs. In order
to evaluate if migration had an impact on contaminant accumulation,
migrant and resident songbirds were collected for comparison. PBDE
concentrations were determined in whole-body homogenates of songbirds collected from three locations in North and Central America from
2011 to 2013. Samples were collected at sites located in Texas during the
fall (September-November) and spring (April-May) migration periods.
Additionally, birds were collected while on their wintering grounds
(December-March) in Yucatán, Mexico, and Costa Rica. PBDEs were
detected in all samples. Preliminary results show that resident birds from
Texas (geometric mean fall = 1.52 ng/g d.w.; spring = 1.36 ng/g d.w.) had
elevated ΣPBDE concentrations compared to resident birds collected in
Yucatán (geometric mean = 0.68 ng/g d.w.) and Costa Rica (geometric
mean = 0.88 ng/g d.w.). Migrants collected in Texas had higher levels of
ΣPBDEs (geometric mean fall = 1.19 ng/g d.w.; spring = 1.04 ng/g d.w.)
compared to those collected while on their wintering grounds (geometric
mean Yucatán = 1.02 ng/g d.w.; Costa Rica = 0.88 ng/g d.w.). The PBDE
congener profiles in migratory and resident songbirds were comparable,
with 99, 47, 100, 153, 154, and 183, in that order, being generally the
highest. This suggests that, despite differences in ΣPBDE concentrations
observed, the accumulation preference of PBDE congeners is similar.
Although this is an ongoing study, the observed small differences in
contaminant concentrations suggest that migratory birds may be accumulating contaminants from areas where there is more industrialization
either on their breeding grounds or along their migratory route.
153 Survey of Aflatoxin Contamination in Supplemental Wildlife
Corn Feed Sampled throughout the Rolling Plains of Texas
N. Dunham; S.T. Peper, Texas Tech Univ; R.J. Kendall, Texas Tech Univ /
Dept of Environmental Toxicology
Supplemental feeding with corn to attract White-tailed deer (Odocoileus
virginianus) is a common practice throughout Texas. Other species,
including Northern Bobwhites (Colinus virginianus), are commonly seen
feeding around supplemental deer feeders. In many cases, supplemental
feeding continues year-round which requires feed supply stores to keep
it stocked. Fluctuating weather and improper storage of corn can lead
to and/or amplify aflatoxin contamination, which has been documented
to be toxic as low as 100 ppb when ingested by bobwhites. Aflatoxin is a
fungal metabolite that is produced by strains of mold and is known to be

carcinogenic. Each bag of deer corn is tested for aflatoxin prior to being
sold and many companies guarantee that there is < 20 ppb of aflatoxin
per bag. Due to the subsequent decline of bobwhites throughout the
Rolling Plains ecoregion of Texas, there has been interest in finding
factors such as toxins that could be linked to their decline. In this study,
we purchased and sampled 3 bags of supplemental deer corn from one
coop agriculture store per county (usually only one per rural county) in
19 counties throughout this ecoregion to determine levels of aflatoxin
contamination and if aflatoxin could be a contributing factor to the
decline. Each bag of corn was sampled in triplicate to obtain an aflatoxin bag average. Additionally, six supplemental feeders (3 metal and 3
polypropylene) were each filled with 45.36 kg of triple cleaned deer corn
and placed in an open field to study long-term aflatoxin buildup within
the feeders. Each feeder was sampled monthly from November 2013
to November 2014. In both experiments, all individually sampled corn
was placed in a freezer bag and stored in a -80°C freezer until analysis.
Aflatoxin contamination levels were determined using a FluoroQuant
Alfa Test Kit. Contamination levels were expected to increase over the
course of the year within the feeders due to variations in weather but
they did not. Aflatoxin contamination varied throughout the year which
suggests that aflatoxin may build up in specific areas of a bag/feeder and
not contaminate the entire unit. Wildlife corn purchased from all feed
stores contained very low concentrations of aflatoxin within each bag
sampled. With aflatoxin levels being well below the company’s guarantee
and federal guidelines in all of the corn that we sampled, it is unlikely
that aflatoxin is causing any acute toxicity to Northern Bobwhites.
154 Implications of study design in long-term environmental contaminants monitoring
W.W. Bowerman, H.T. Pittman, L. Fuentes, Univ of Maryland / Dept of
Environmental Science and Technology; T.G. Grubb, US Forest Service /
Rocky Mountain Research Station; D.A. Best, US Fish and Wildlife Service /
East Lansing Field Office; A.S. Roe, Clemson Univ
Long-term environmental contaminants monitoring programs have
traditionally reported results and trends using 3 to 5 year periods.
They have also relied on sampling designs that were non-random
in nature during those reporting periods. We initiated our study to
examine how the traditional study design for environmental contaminants monitoring (Period) compares to the use of annual stratified
random study design (Annual) for monitoring contaminants in
terms of the reporting of temporal and spatial trends. We are using
the Michigan Bald Eagle Biomonitoring Project data to make our
comparison. From this data set we have selected concentrations of
4,4’-Dichlorodiphenyldichloroethylene (DDE), and the Sum of 22
Polychlorinated Biphenyl (PCB) congeners measured in 1172 nestling
bald eagles sampled under the Period study design from across the state
of Michigan between 1999 and 2014. We then sub-sampled this data
set under an Annual study design (n=794) where we selected a random
stratified sub-sample of nestlings based on eight Great Lakes Watershed
categories. We analyzed the Period data set using traditional methods
to test for differences between temporal periods at four different spatial
scales. We analyzed the Annual data set using a new approach that
described the data on an annual basis using trend models as opposed
to differences between temporal periods. We then assessed the results
for major differences and any differences in inference that were evident
between the two study designs. The Period study design indicated that
concentrations of 4,4’-DDE and Sum PCBs had increased significantly between periods at two of the four spatial scales we examined.
In contrast, analysis of the Annual study design indicated that linear
trends were decreasing over the same period and that there was considerable annual fluctuation in concentrations of 4,4’-DDE and Sum PCBs.
The results of the Annual analysis suggest that increases observed in
the Period analyses were likely due to annual spikes in concentrations
that are likely associated with environmental variables as opposed to
long-term increases in contaminant loads. The Annual study design
also yielded more information about the effects of climate and food web
factors that were lost in the Period study design. We can conclude that
study design can significantly influence the inferences that can be made
from monitoring projects.
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155 Source-sink dynamics of bald eagles in Michigan’s Great Lakes
ecosystem
K.L. Simon, W.W. Bowerman, Univ of Maryland / Dept of Environmental
Science and Technology; T.G. Grubb, US Forest Service / Rocky Mountain
Research Station; L. Fuentes, Univ of Maryland / Dept of Environmental
Science and Technology; H.T. Pittman, Univ of Maryland / Dept of
Environmental Science and Technology; D.A. Best, US Fish and Wildlife
Service / East Lansing Field Office
Bald eagle (Haliaeetus leucocephalus) population productivity is not consistent throughout the state of Michigan. As the recovering bald eagle
population expands toward the shorelines, we speculate that breeding areas along the Great Lakes are experiencing chronic reproductive
effects over time relative to those inland because of higher concentrations
of contaminants in Great Lakes’ fisheries compared to those inland. We
hypothesize that nestlings may be initially exposed in ovo or as adults
through dietary means leading to reduced reproductive fitness. To assess
the reproductive fitness of shoreline versus inland breeding pairs, we
used productivity data from 1981-2010. We used two parameters, length
of site occupancy and decadal success rate. We calculated length of site
occupancy as the average years that one breeding pair occupied one
breeding area between estimated changeovers. We calculated the decadal
success rate as the number of years that young were produced per number
of years that the breeding area was occupied. Length of site occupancy
and decadal success rates significantly decreased in lakes Michigan and
Huron breeding pairs from 6.84 to 5.61 years and 7.04 to 4.72 years,
respectively. Inland breeding pairs remained constant at 7.35 years. This
indicates that the length of time that Great Lakes shoreline breeding
pairs are reproductively capable has shortened. In addition, the decadal
success rates of lakes Michigan, Huron, and Superior have decreased
from 45.2% to 17.7%, 46.4% to 20.4%, and 42.0% to 31.7%, respectively;
while inland breeding areas remained relatively stable at 46.9% during
the same time period. This decrease in reproductive fitness supports the
idea that shoreline birds may be experiencing second-generation effects
and/or chronic lifetime dietary exposure. In addition, low reproductive
fitness yet high productivity of Great Lakes breeding areas could be suggestive of a high turnover rate within the shoreline breeding population
from uncontaminated inland areas. This constant turnover may contribute to underestimating the reproductive effects in Great Lakes shoreline
birds caused by environmental contaminants.
156 A geographic survey of mercury levels in bats across Canada
J. Chetelat, Environment Canada / Ecotoxicology and Wildlife Health; B.
Hickey, St. Lawrence River Inst of Environmental Sciences; A.J. Poulain,
Univ of Ottawa / Biology
Emerging evidence indicates that bats can accumulate significant burdens of mercury at levels that may potentially have toxicological effects.
Little information is available on mercury levels of bats in Canada
including geographic variation, biological influences and inter-species
differences. A geographic survey was initiated in 2014 to measure mercury concentrations in bat fur collected during independent research and
monitoring programs across Canada. Fur is a useful non-lethal indicator
of mercury exposure because methylmercury is the predominant form of
mercury in bat fur, and fur mercury concentrations are correlated with
those in liver and brain. In this study, a total of 250 fur samples were
obtained from 5 provinces and 1 territory in central and western Canada,
primarily representing 3 species: the little brown bat (Myotis lucifugus),
big brown bat (Eptesicus fuscus), and northern long-eared bat (Myotis septentrionalis). Total mercury concentrations of bat fur ranged two orders
of magnitude from 0.33-54 µg/g fresh weight (fw). Around 10% of the
fur samples exceeded a proposed toxicity threshold of 10 µg/g fw, above
which neurochemical effects may occur. The majority of those exceedances occurred in bats from Ontario and Quebec, suggesting geographic
differences in mercury exposure. Among-species differences as well as
influences of maturity (juvenile vs adult) and size (forearm length) will
be discussed. This geographic survey will continue in the summer of
2015 to further evaluate mercury exposure of bats and identify key drivers of broad-scale patterns across Canada.
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157 Development of Risk-based Thresholds for Molybdenum in Soil.
B.E. Sample, Ecological Risk, Inc; C. Lambert, Intrinsik Environmental
Sciences US Inc; S. Pargee, GEI Consultants, Inc.; S.P. Canton, GEI
Consultants, Inc. / Ecological Division; C.L. Murray-Gulde, Chevron
Environmental Management Co.
Molybdenum (Mo) is an essential micronutrient required for various
biological functions in both plants and animals. Elevated soil Mo concentrations may occur at mining and agricultural sites. Because screening
benchmarks, such as Eco-SSLs, are lacking for Mo or are based only on
the soluble forms, risk-based thresholds were developed for terrestrial
plants, soil invertebrates, and wildlife. Only herbivores were considered
as potential wildlife receptors, because they have been documented to
be more sensitive to molybdenum than other feeding guilds. Risk-based
thresholds for plants and soil invertebrates were based on laboratory
bioassays of soils spiked with soluble (NaMO4) and insoluble (MoS2)
Mo forms. Neither Mo form was toxic to soil invertebrates at the highest
tested concentrations (>700 mg/kg). Soluble Mo was somewhat more
phytotoxic than insoluble Mo. The NOEC for MoS2 in plants was >690
mg/kg; EC50s for NaMO4 ranged from 442 mg/kg for root length
to >684 mg/kg for emergence. Risk-based thresholds for herbivorous
wildlife were developed by integrating modeled dietary exposure with
NOAELs and LOAELs from the literature and recently conducted
unpublished toxicology studies. Receptor species included mourning
dove, meadow vole, pocket gopher, and mule deer. Food and soil ingestion rates and diet composition were based on published literature. Mo
concentrations in food were estimated based on field-collected soil-plant
bioaccumulation data. NOAEL TRVs were higher for birds (277 and
504 mg/kg/d for NaMO4 and MoS2) and rodents (40 mg/kg/d for
NaMO4) than for deer (1.52 mg/kg/d for NaMO4). NOAEL-based
thresholds for Mo in soil ranged from 155.5 mg/kg for mule deer and
NaMO4 to 29,000 mg/kg for mourning dove and MoS2. Risk-based
thresholds for meadow voles and pocket gophers were 4500 mg/kg and
860 mg/kg, respectively. Molybdenum disulfide (MoS2), the predominant form found in molybdenite ore bodies in North America, appears
to have lower toxicity than the soluble forms previously used in deriving
wildlife NOAEL-based thresholds for Mo.

Biomonitoring of Human Exposure
Assessment to Xenobiotics
158 Association between multi-class xenobiotics exposures and oxidative stress in a population in Saudi Arabia
A. Asimakopoulos, Wadsworth Center, New York State Dept of Health; K.
Kannan, New York State Dept of Health
Oxidative stress arises from overload of free radicals in the body, and is
considered a trigger for numerous diseases such as cancer and atherosclerosis. However, association between exposure to xenobiotics and
oxidative stress is rarely studied. To establish the urinary levels of 57
xenobiotics in a general population from Jeddah, Saudi Arabia, and to
delineate any association between the biomarker of oxidative stress,
8-hydroxy-2’-deoxyguanosine and xenobiotic exposure. We collected 130
urine samples from Jeddah, Saudi Arabia, and analyzed for 57 xenobiotics using UPLC/HPLC-MS/MS methods. Association between
unadjusted and creatinine-/specific gravity-adjusted concentrations of
xenobiotics and 8-hydroxy-2’-deoxyguanosine was examined by Pearson
correlations and multiple regression analysis. The population in Saudi
Arabia is exposed to high levels of di-n-octyl phthalate and diethylhexyl
phthalate. In addition, detection rate and concentrations of bisphenol S
in urine were elevated. Metabolites of diethylhexyl phthalate, bisphenol
A, bisphenol S, phthalic acid, and methyl-protocatechuic acid exhibited
statistically significant relationships with 8-hydroxy-2’-deoxyguanosine.
This is the first report of exposure of Saudi population to a wide range
of environmental chemicals and provides evidence that environmental
chemicals exposure contribute to oxidative stress.
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159 A comparative assessment of human exposure to tetrabromobisphenol A and eight bisphenols via indoor dust ingestion in twelve
countries
W. Wang, A. Asimakopoulos, New York State Dept of Health / Wadsworth
Center; K. Kannan, New York State Dept of Health
Tetrabromobisphenol A (TBBPA) and eight bisphenol analogues (BPs)
including bisphenol A (BPA) were determined in 388 indoor (including
homes and microenvironments) dust samples collected from 12 countries
(China, Colombia, Greece, India, Japan, Kuwait, Pakistan, Romania,
Saudi Arabia, South Korea, US, and Vietnam). The concentrations of
TBBPA and sum of eight bisphenols (ΣBPs) in dust samples ranged from
ng/kg bw/day for various age groups) and Greece (2.0-24 ng/kg bw/
day). Nevertheless, in comparison with the reported BPA exposure doses
through diet, dust ingestion accounted for less than 10% of the total
exposure doses in China and the US. For TBBPA, the EDI for toddlers
ranged from 0.01 to 15 ng/kg bw/day, and dust ingestion is an important
pathway for exposure accounting for 5.9-37% (median) of exposure doses
in China.
160 Cadmium in Human Urine from an E-Waste Recycling, China
and Its Associations with Biomarkers of Oxidative Stress in Local
Residents
T. Zhang, L. Huang, R. Qiu, Sun Yat-sen Univ
Information regarding human exposure to cadmium (Cd) is scarce in
e-waste recycling sites, and its associations with biomarkers of oxidative
stress has rarely evaluated. In this study, Cd was found in human urine
samples collected from site#1 that have e-waste recycling workshops,
from site#2 that e-waste recycling workshops has been banned for 5
years, and from site#3 that e-waste recycling workshops has never been
developed. Site#1 has the highest mean urinary Cd (6.39 ± 4.37 µg/g Cr)
among three sampling sites. Urinary Cd observed in site#1 (p < 0.001)
and #2 (p < 0.01; mean = 3.96 ± 2.37 µg/g Cr) were significantly higher
than that obtained in site#3 (2.15 ± 1.63 µg/g Cr). Our results indicated
that e-waste recycling workshop ban decreased the body burden of Cd in
local residents, while higher exposure levels are still existed compared to
those sites that e-waste recycling workshops has never been done. Elderly
(or females) were considerably more exposed to Cd in all sampling sites.
Malondialdehyde (MDA) occurs naturally and is a marker for oxidative
stress. The urinary MDA in site#1 (0.58 ± 0.24 µmol/L) was similar to
that found in stie#2 (0.56 ± 0.17 µmol/L), however, the urinary MDA
in site#3 (0.31 ± 0.11 µmol/L) was significantly lower that those found
in site#1 and #2. Furthermore, urinary Cd was positively correlated (r =
0.297, p < 0.01) with urinary MDA in site#1 and #2, but this correlation
was not significantly in site#3 (r = - 0.067, p > 0.05). Although replication is necessary with larger size populations, these results may also be
of great importance for a range of other health outcomes associated with
e-waste dismantling, especially for Cd.
161 Measurements of urinary phthalate metabolites in California nail
salon workers and comparison to a representative sample of the US
population
J. Varshavsky, Univ of California, Berkeley / Environmental Health Sciences
Division, School of Public Health; T. Quach, R. Liu, P. Reynolds, Cancer
Prevention Inst of California; J. Park, S. Petropoulou, M. Snider, California
EPA / California Dept of Toxic Substances Control; S. Harwani, M.
Petreas, California EPA / Dept of Toxic Substances Control, Environmental
Chemistry Laboratory
Phthalates are chemicals used in many personal care products like nail
polish. They have been linked to many health problems in various animal
and human studies, including male reproductive problems, asthma and
diabetes. California’s nail care industry is rapidly growing with now over
100,000 registered nail technicians. Most are low-income Vietnamese
Americans with limited access to health and safety information that
regularly use phthalate-containing products. We predicted they might
be a uniquely exposed and vulnerable occupational group, and recruited
17 Vietnamese American workers at 6 Bay Area nail salons. We collected 1 post-shift urine sample per worker in 2011. This was part of a

larger intervention study in which salon owners were trained on how to
reduce workplace chemical exposures prior to initial sample collection.
The urine samples were analyzed for 4 primary phthalate metabolites,
monoethyl-, monoisobutyl-, monobutyl- and mono(2-ethylhexyl)phthalates (MEP, MiBP, MBP and MEHP), selected based on ubiquity
of exposure, toxicity, method precision and accuracy, past study findings and predicted relevance to nail care workers. The samples were
analyzed at the Environmental Chemistry Laboratory in the CA Dept
of Toxic Substances and Control (DTSC) using a method we modified
and validated from existing literature (Silva et al, J. Chrom. B, 2004).
We used tandem LC-MS equipped with a Gemini C6-Phenyl column
(Phenomenex, 100 mm x 2.00 mm, 3 µm). After SPE clean-up using
Agilent Nexus ABS Bond Elut SPE cartridges, the monoester recoveries ranged between 85-95%. No significant laboratory background was
detected, and sample extracts were stable over 7 days. We compared
our results to 2011-2012 National Health and Nutritional Examination
Survey (NHANES) data. The geometric mean (GM) for MEP is similar
to NHANES, and the GMs for MiBP, MBP and MEHP are 1.5, 2 and
3 times higher in CA nail technicians. Additionally, some workers are
exposed to phthalate levels above the NHANES 95th percentile. While
we were not able to collect pre-shift or air samples to help differentiate
between occupational and environmental exposure sources and our sample size is small, our findings indicate that a larger phthalate exposure
assessment study in nail salons combining pre- and post-shift biomonitoring samples with air samples is warranted. The views expressed herein
are those of the authors and do not necessarily reflect those of DTSC.
162 Determination of secondary DEHP metabolites, PFOS and
PFOA in breast milk and cord plasma samples from European birth
cohorts
M. Lamoree, VU Univ / Inst for Environmental Studies; J. Koekkoek, VU
Univ Amsterdam / Inst for Environmental Studies; T. Trnovec, Slovenska
Zdravotnicka Univerzita v Bratislave; G. Schoeters, Flemish Inst for
Technological Research VITO; M. Van de Bor, VU Univ Amsterdam / Inst of
Health Sciences; M. Eggesbø, Norwegian Inst of Public Health; J. Legler, VU
Univ Amsterdam / Inst for Environmental Studies
The incidence of childhood obesity has reached epidemic proportions
globally. There is accumulating evidence that factors that influence
long-term risk of obesity and related disorders begin very early in life.
Early life exposure to environmental contaminants has been implicated
in altering developmental programming, resulting in possible higher
susceptibility to obesity. The OBELIX (OBesogenic Endocrine disrupting chemicals: Linking prenatal exposure to the development of obesity
later in life) project examined the hypothesis that prenatal exposure to
endocrine disrupting compounds (EDCs) in food plays a role in the
development of obesity later in life. The project focused on assessing
prenatal exposure to chemicals from six major classes of EDCs found
in food including dioxins and (non)dioxin-like polychlorinated biphenyls, brominated flame retardants, organochlorine pesticides, phthalates
and perfluorinated alkyl acids, e.g., perfluorooctanoic acid (PFOA)
and perfluorooctanesulfonate (PFOS). In this presentation, method
development, validation and analytical results of the quantitative trace
level analysis of DEHP metabolites, PFOS and PFOA in cord plasma
and breast milk samples from different European birth cohorts will
be discussed. Cohorts involved in the study are FLEHS II, HUMIS,
Michalovce and Linc, with either cord plasma, breast milk, or both.
For the determination of DEHP metabolites, a deglucuronidation step
was included in the sample treatment and extraction. The extracts were
injected onto an online trapping column before transfer to the analytical column. The samples were analyzed on a triple quadrupole mass
spectrometer with an electrospray interface (ESI) operating in the
negative ion mode. In the presentation, the levels of PFOS, PFOA and
selected secondary DEHP metabolites in cord plasma and breast milk
will be compared with those obtained in other cohort studies. However,
especially for secondary DEHP metabolites in cord plasma, data are
extremely scarce. Other topics to be addressed are e.g., the influence of
contamination of the samples and remaining enzymatic activity on the
suitability of specific metabolites for exposure assessment. The methods
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developed showed to be capable of the reliable analysis of extremely low
levels of DEHP metabolites, PFOS and PFOA, supporting further
epidemiological studies into the relation of prenatal exposure to these
endocrine disrupting compounds and the development of obesity later in
life.
163 Blood Metal Concentrations in Newcomer Women in Toronto,
Canada
C.L. Wiseman, Univ of Toronto / School of the Environment; D.
Chakravartty, Univ of Toronto; J.A. Archbold, Toronto Public Health /
Healthy Public Policy Directorate; R. Copes, Public Health Ontario; N.
Zawar, A. Parnia, S. Chen, Univ of Toronto; D. Cole, Univ of Toronto /
Dalla Lana School of Public Health
The current evidence suggests that newcomer women to Canada may
have elevated body burden concentrations of toxic metals relative to
non-immigrant populations. Of the metals of concern among newcomer
women, lead (Pb), mercury (Hg) and cadmium (Cd) have been highlighted due to their established toxicity, the first two for the developing
fetus. Yet, Pb, Hg and Cd body burdens and exposure sources for
newcomer women have not been well characterized to date. The study
goal is to provide a preliminary assessment of Pb, Cd and Hg exposures
and blood concentrations among newcomer women (n=200) of reproductive age, who have been living in Canada for 1-5 years. The focus is on
women from South and East Asian countries, who comprise the majority
of new immigrants to Canada. Study participants are being recruited
using a community-based model, with the involvement of local public
health units and non-governmental organizations. Following consent
and blood sampling, study participants are interviewed to collect relevant
exposure information including that on their diets, use of traditional
products, and housing. As of May, 2015, a total of 90 individuals residing in Toronto, originating from Bangladesh (20%), China (32%), India
(28%), Pakistan (18%) and Sri Lanka (2%), have successfully completed
both blood testing and interviews. Overall, metal blood concentrations
have been relatively low, with mean (geometric) levels of 1.4 ±2.0 µg
Pb/dL, 0.71 ±4.1 µg Hg/L and 0.40 ±1.8 µg Cd/L. However, Pb levels
show substantial variation (min/max: 0.35/ 25.1 µg/dL), with 19/90
(21%) individuals having levels higher than the upper 95 percentile (i.e.,
1.8 µg Pb/dL), determined for the general population in the Canadian
Health Measures Survey (Cycle 2, 2009-2011). Of those with Pb levels
atypical for the Canadian population, about 53% regularly use cosmetics
(e.g., kohl) from their country of origin. Various identified sources for
other metal exposures include fish consumption (Hg) and consumption
of organ meats (Cd). Further analysis of the relationship between metal
concentrations and exposure sources among the full sample will further
elucidate these preliminary findings and inform the development of
culturally-relevant public health interventions.
164 Factors affecting partitioning of halogenated aromatic hydrocarbons among maternal blood, placenta, and cord blood
J. Kim, Pohang Univ of Science and Technology / School of Environmental
Science and Engineering; D. Oh, Pohang Univ of Science and Technology;
D. Lee, W. Seong, Kyungpook National Univ; Y. Chang, Pohang Univ of
Science and Technology
We analyzed halogenated aromatic hydrocarbons, including PCDD/Fs,
PCBs, PCNs, and PBDEs, in the maternal and cold serum, and placenta
tissue samples from 20 pairs of mother and neonates. The concentrations
of the chemicals were generally higher in the maternal serum than in
the cord serum and placenta, seemingly due to barrier-effect of placenta
membrane, immature fetal metabolism, and dilution with fetal growth.
The levels of PBDEs, on the other hand, showed higher concentrations
in the cord serum than in the maternal serum and placenta, suggesting
additional transporting mechanism related to thyroid-like structure of
PBDEs. To investigate Factors affecting partitioning of the chemicals in
the feto-maternal unit, we built a backward stepwise multivariate model
predicting the ratio between maternal and fetal serum (F-M ratio).
The independent variables included body conditions of the mother and
neonates, and physicochemical properties of the chemicals. The model
showed that the F-M ratio was affected by serum lipid, which governing
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partitioning of the chemicals. Birth weight of the neonates was also
related to F-M ratio, reflecting dilution of the chemicals by body size
increase. Among the physicochemical properties, Kow value was significantly related with the F-M ratio. Despite the limited sample numbers,
this study elucidated distribution among the feto-maternal units, possible
transporting mechanisms, and physiological and physicochemical factors affecting ratio between the concentrations of halogenated aromatic
hydrocarbons.
165 Passive sampling in ambient and individuals’ environments in
rural Peru
A.J. Bergmann, Oregon State Univ / Environmental Molecular Toxicology;
L. Vasquez, Yantalo Peru Foundation; P. North, Medical College of
Wisconsin / Pediatric Pathology; K.A. Anderson, Oregon State Univ /
Environmental and Molecular Toxicology
We present the results of passive sampling for hydrophobic organic
compounds (HOCs) in a developing region of Peru: the Alto Mayo.
We identify prevalent HOCs in the ambient and personal environment
of residents of the Alto Mayo and will examine their relationship to
demographic groups within those communities. We conducted passive
sampling in two nonconcurrent phases. One, we measured HOCs in
surface water and air using low density polyethylene (LDPE) passive
sampling devices (PSDs) and two, we measured HOCs in the personal
environment of Alto Mayo residents with silicone wristbands as PSDs.
For sampling of water and air, we spiked LDPE with performance reference compounds and deployed them at six locations in the Alto Mayo.
Silicone wristbands were worn by volunteers in four communities of
the Alto Mayo for 31-34 days. Both types of PSDs were extracted with
organic solvent and analyzed for 63 pesticides by GC/ECD, 62 PAHs by
GC/MS-MS, and screened for >1200 compounds with GC/MS coupled
with automated spectral deconvolution and reporting software. A demographic survey which accompanied the wristbands identified gender,
age, occupation, socioeconomic status, and more. For all deployments,
trip and field blanks accounted for artifacts of sampling methods and
surrogate compounds accounted for loss during extraction. Chlorpyrifos,
DDT and its metabolites, and cypermethrin were the most commonly
detected pesticides in both the ambient and personal environment of
Alto Mayo residents. Chlorpyrifos was detected up to 2ng/L in water
and from 17 to 9000ng/g in wristbands highlighting a large discrepancy
among individual exposures. Fourteen additional pesticides were measured in wristbands. Summed PAHs ranged three orders of magnitude,
from 315 to 172,000 ng/g wristband. Silicone wristbands account for
multiple environmental sources of contaminants that contribute to
human exposure. We will explore which sub-populations of the Alto
Mayo may be most at risk for HOC exposures by modeling specific
HOCs by demographic information. This study is part of a pilot Global
Environmental and Occupational Health (GEOHealth) hub for the
National Institute of Health’s Fogarty International Center in Yantalo,
Peru and one of the first applications of wristband PSDs in a developing
community. We will discuss these results and considerations for the use
of this technology in the context of the exposome.

Advancements in the Field of Passive
Sampling: Unique Applications and Novel
Developments – Part 1
166 Actively shaken in situ passive sampler for measuring pore water
concentrations of hydrophobic organic compounds
M. Jalalizadeh, Chemical Biochemical and Environmental Engineering
Passive sampling for the measurement of freely dissolved concentrations of organic pollutants in sediment pore water has emerged as a very
promising approach, but in situ measurements are complicated by slow
mass transfer of strongly hydrophobic compounds. In this research, we
addressed the challenge of slow mass transfer by disrupting the external
aqueous boundary layer around an in-situ passive sampler using periodic
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mechanical vibration. Laboratory experiments were performed using
PAH impacted field sediments in order to compare the approach to equilibrium in PE passive samplers under static, well-mixed, and differently
shaken passive sampling modes. Low-cost vibrating motors were used
to provide the mechanical vibration of passive samplers. Passive samplers were enclosed in stainless steel mesh and were attached to motors
like radial fins. Frequency and duration of vibration were controlled by
timers connected to the motors. We also performed numerical modeling
of the mass transfer process to mechanistically explain our observations
and optimize the duration and periodicity of the vibration to minimize the need of power to drive the vibration motors. We demonstrate
through laboratory experiments and numerical modeling that periodic
shaking in-situ greatly enhances overall mass transfer and reduces the
difference in the extent of equilibrium achieved between a well stirred
laboratory equilibrium and in-situ periodically shaken passive sampler. The improvement over static system was most evident for larger
molecular weight PAHs. For example, the fractional uptake of benzo(a)
pyrene was improved from 0.12 to 0.76 for deployment time of 28 days.
Higher fractional uptake reduces the errors involved in corrections for
non-equilibrium based on fractional loss of performance reference compounds. The proposed platform at the SETAC Conference will present
the experimental results and numerical modeling of PAH uptake by PE
passive samplers under static, well-mixed, and differently shaken passive
sampling modes.
167 Monitoring of PAHs with Low Density Polyethylene Films at
Two Contrasting Surface Water Sites and Approach for Estimating
Sampler Uptake and Kinetics
H. Lord, T. Obal, Maxxam Analytics International Corporation / Scientific
Services
Low density polyethylene films were deployed at two physically and
climactically different surface water sites to monitor low level PAH. One
site was in an arctic climate where samplers were deployed in a fresh
water river and lake system with highly variable water flows. The other
was in a temperate climate where samplers were deployed in sumps in
an intertidal zone influenced by salt water, surface and ground water,
but where flows were lower and more consistent. At each site films of
multiple thicknesses were deployed to take advantage of the generally
superior performance of thinner films at attaining higher fractional
uptake with lower analytical uncertainties and thicker films at attaining lower detection limits for the lighter PAH, which typically reached
equilibration in the thinner films. Performance reference compounds
– deuterated PAH in both cases – were pre-loaded in all films to aid in
determining fractional uptake and sampling rates. Across the different
film thicknesses, where conditions of linear uptake were present, mass
of PRC lost per unit time was generally consistent among films deployed
at the same site. This provided assurance that uptake was controlled by
the water boundary layer. The different film thicknesses proved advantageous for uptake determinations as well. Where PRC loss was too high
for accurate calculations, particularly in the thinner films, sampling rates
from the thicker films at the site could be used for all films deployed
together. Where valid sampling rates could be calculated for multiple
film thicknesses, data averaging was employed to estimate site specific
sampling rates. In general, sampling rates varied by about two orders of
magnitude across all sites studied, with the sampling rates at the lowest
flow arctic sites being similar to the average sampling rates observed at
the temperate site. In a few cases of particularly high water flow at the
arctic site, evidence of membrane-control of uptake was identified and
had to be incorporated in the calculations. Alkylated PAH analyses were
conducted on some of the film extracts. Detection limits were two to
three orders of magnitude lower than for standard grab samples. Data
from co-deployed films of different thicknesses could be averaged with
good precision. This permitted characterization of the alkylated PAH
homolog profiles, as well as ratio analyses to study source and weathering
characteristics at the site.

168 Passive water sampling predicts PAH contamination in signal
crayfish, Pacifastacus leniusculus
L. Paulik, B.W. Smith, Oregon State Univ / Dept of Environmental
and Molecular Toxicology; G. Sower, Ramboll ENVIRON / Dept of
Environmental and Molecular Toxicology; N.D. Forsberg, K.A. Anderson,
Oregon State Univ / Dept of Environmental and Molecular Toxicology
Resident aquatic organism contamination is often a concern at contaminated environmental sites. However, characterizing the risk associated
with consuming these organisms can be challenging. Collecting organisms is often prohibitively time and resource-intensive, and it can be
harmful to the local ecosystem. Previous work has suggested that passive
sampling may be a useful alternative for assessing resident organism contamination. This study aimed to use low density polyethylene (LDPE)
passive water samplers to predict polycyclic aromatic hydrocarbon (PAH)
levels in signal crayfish, Pacifastacus leniusculus. Resident signal crayfish
were collected at five sites within and outside of the Portland Harbor
Superfund Mega-site in the Willamette River in Portland, Oregon in
2013. Deployment of LDPE passive water samplers was spatially and
temporally paired with crayfish collection. Crayfish visceral and tail
tissue, as well as water-deployed LDPE, were all extracted and analyzed
for 62 PAHs using GC/MS-MS. Carcinogenic potency concentrations
were estimated for all crayfish tissues sampled, using the relative potency
factor approach described by the USEPA in 2010. PAH levels in 2013
crayfish were compared to levels in crayfish collected at similar sites 10
years earlier. PAH levels in crayfish viscera were also compared to levels
in the tails of the same crayfish. Finally, linear regression was employed
to model PAH levels found in crayfish viscera using corresponding levels
found in water-deployed LDPE. ∑PAH levels in crayfish visceral tissue
were similar at comparable sites within the Superfund in 2003 and 2013.
In contrast, ∑PAH levels in crayfish viscera were higher at sites upriver
of the Superfund in 2013 than in 2003. At all sites, crayfish viscera had
much higher average ∑PAH and ∑BaPeq than crayfish tails. ∑PAH were
5 to 20 times higher in viscera than in tails, while ∑BaPeq were 6 to 70
times higher in viscera than in tails. This suggests that eating only the
tail tissue of a crayfish would yield significantly less carcinogenic risk
than eating the entire organism. This is a useful finding, as ingestion is
one of the main routes of PAH exposure in humans. The model was able
to predict PAH levels in crayfish viscera with an associated R-squared
value of 0.52. This suggests that passive water sampling is a useful tool
for assessing PAH contamination in crayfish.
169 Using passive samplers to improve soil pollutant biodegradation
assessments
D. Werner, Newcastle Univ / Civil Eng and Geosciences
Passive samplers are widely used to monitor environmental contaminant
concentrations for pollutant fate studies and risk assessments. More
recently, they have also been used for the passive dosing of poorly water
soluble pollutants in ready biodegradability assessment. Previous studies have shown how measuring the bioavailable rather than total soil
and sediment pollutant concentration with the help of passive samplers
greatly improves site-specific risk assessments for pollutants which
strongly bind to the soil and sediment matrix. Here we report another
important innovation: Monitoring the changes in the bioavailable
fraction of hydrophobic organic compounds during soil remediation assessments with the help of passive samplers to elucidate significant
biodegradation benefits which would otherwise have gone unnoticed. We
show for polycyclic aromatic hydrocarbons in soils and sediments how
polyethylene passive samplers can sensitively and reliably detect significant reductions in this risk-relevant, bioavailable pollutant fraction
which are due to the pollutant biodegradation. The measurement uncertainties associated with quantifying the corresponding small changes in
total polycyclic aromatic hydrocarbon concentrations in soil which binds
these pollutants strongly would have hindered the detection of these
seemingly minor, but environmentally very relevant changes. In batch
studies, passive samplers indicated up to 75% reductions in polycyclic
aromatic hydrocarbon availability when comparing live soils with controls with added biocides. In field studies, passive samplers demonstrated
a continuous reduction in the available fraction of polycyclic aromatic
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hydrocarbons over a three year period, while total polycyclic aromatic
hydrocarbon concentrations in soil remained seemingly unchanged. The
passive sampler based assessment demonstrated polycyclic aromatic
hydrocarbon degradation in the ng/L free aqueous concentration range.
Bioremediation outcomes assessed with passive samplers also provided
important complementary information to traditional measurements
such as CO2 evolution and the quantification of total pollutant residuals
in soil for crude oil bioremediation experiments. Soil amendment with
strong sorbents such as activated carbon slowed the overall rate of crude
oil biodegradation, but the bioavailability of petroleum hydrocarbons was
effectively controlled.
170 Polyethylene uptake of gaseous and dissolved hydrophobic
organic contaminants
C.A. McDonough, Univ of Rhode Island / Graduate School of Oceanography;
D.C. Muir, Environment Canada / Aquatic Contaminants Research
Division; P.A. Helm, Ontario Ministry of the Environment and Climate
Change / Environmental Monitoring and Reporting Branch; R. Lohmann,
Univ of Rhode Island / Graduate School of Oceanography
50 µm-thick passive polyethlyne samplers (PEs) were deployed in air and
water throughout the Great Lakes region by a volunteer network during
May – November of 2012 and 2013 to measure gaseous hydrophobic
organic contaminants (HOCs) including polycyclic aromatic hydrocarbons (PAHs), polycyclic musks (PCMs) and a variety of organic flame
retardants (OFRs). At a subset of sites near Cleveland, OH, 800 µm PEs
were also deployed for comparison of HOC mass accumulated in the
different volumes. PEs are promising tools for measuring time-integrated
concentrations of HOCs: they are cost-effective and simple to deploy,
enabling long-term monitoring at high spatial resolution and in remote
locations with lower detection limits than active sampling methods.
Despite their ease of use and growing popularity, interpreting results
from PEs and other passive samplers can be challenging because the
rate at which air or water is sampled by PEs cannot be set at a constant
specified value, but rather is estimated by measuring the loss of performance reference compounds (PRCs) during deployment. A single
sampling rate was estimated for each 50 µm-PE by applying non-linear
least squares fitting to loss data for 6 performance reference compounds
(PRCs). In air, the average sampling rate for shoreline deployments was
11+/-5.6 m3/day. The average sampling rate for offshore deployments,
where deployment times were longer and samplers were exposed to
higher wind speeds, was 135+/-120 m3/day. In water, average sampling
rates were 22.3 +/- 15.4 L/day. The positive and negative aspects of using
800 µm PEs for enhanced detection of compounds with lower PE-air
partitioning coefficients (KPEA) that equilibrated in 50 µm-PEs will
be discussed. Using data from PEs deployed alongside high volume
active air samplers as well as from PE deployments in the Great Lakes,
the single sampling rate approach to PE calibration will be compared
to a 1-D diffusion model in R in which PRC data are used to determine
the best fit value of the diffusive boundary layer (DBL) thickness. The
applicability of both models to describe PE-air and PE-water exchange
kinetics of a wide variety of HOCs will be discussed.
171 Comparison of two methods commonly used to calculate air concentrations of semi-volatile organic compounds from passive sampler
measurements
E. Holt, Masaryk Univ / Research Centre for Toxic Compounds in
the Environment, Faculty of Science, Science Division; J. Boruvkova,
Masaryk Univ; J. Kalina, L. Melymuk, Masaryk Univ, Faculty of Science,
RECETOX; P. Bohlin Nizzetto, NILU - Norwegian Inst for Air Research
/ MILK; J. Klanova, Masaryk Univ / RECETOX Research Centre for
Toxic Compounds in the Environment
Different methods are used by different monitoring networks and
researchers to calculate air concentrations from polyurethane foam disk
passive sampler (PUF-PAS) measurements. However, it is not understood how this may affect the inter-comparability of monitoring data.
In the present study we compared two common methods for calculating
air concentrations of semi-volatile organic compounds (SVOCs), using
PUF-PAS measurements from Košetice, Czech Republic. Method 1
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(M1), included a calibration study to determine the equivalent sample
volume and sampling rate for target compounds, and Method 2 (M2)
used a template created for the Global Atmospheric Passive Sampling
(GAPS) network. It was possible to accurately calculate air concentrations from PUF-PAS measurements using M1 over a two year
monitoring period with only a few exceptions. The accuracy of M2 was
strongly dependant on the sampling rate used and required knowledge
of particle phase sampling for the particular PUF-PAS configuration at
the sampling site. There were some potential issues identified with the
theoretical information used in M2 and possible affects in estimating air
concentrations. Accuracy of measurements of a long term period would
be useful if you were to assess long term trends in average or median
levels. Our results also show that air concentrations during individual
sampling periods could be over or underestimated by >30% for both
methods, which may have implications (introduce greater uncertainty)
for trend analysis over shorter periods.
172 Hydrophobicity driven sorption of neutral and anionic surfactants to solid-phase microextraction fibers
J. Haftka, J. Hammer, J. Hermens, Univ of Utrecht / Inst for Risk Assessment
Sciences
More knowledge about environmental behavior of ionized and surfaceactive substances is urgently needed to expand the chemical applicability
domain of the currently used predictive models. For non-polar organic
compounds, partitioning between octanol and water is usually used in
environmental risk assessment to predict bioaccumulation, toxicity, and
sorption to soil. The octanol-water partition coefficient (Kow) is therefore
important to assess the environmental fate and exposure of organic
contaminants. However, surfactants are complex and mostly ionized
molecules and prediction of the hydrophobicity will be dependent on
additional interactions (i.e., hydrogen bonding and electrostatic interactions) which are not reflected by the Kow value. A different approach
to develop parameters that can be applied in predictive modeling of the
fate of surfactants in the environment is therefore required to meet the
regulatory needs of chemical legislation programs. Distribution between
solid-phase microextraction (SPME) fibers and water was used in this
study as a simple sorption phase. The selected surfactants are alcohol
ethoxylates, alkyl carboxylates, alkyl sulfates, and alkyl sulfonates with
increasing chain lengths. Sorption of the test compounds to polyacrylate-coated SPME fibers was determined at pH 7 after equilibration of
the compounds between fiber and water. The effect of solution chemistry of the exposure medium (i.e., pH, ionic strength, and valency of
inorganic cations) was taken into account in the case of anionic surfactants. Sorption of neutral surfactants (i.e., alcohol ethoxylates) and
anionic surfactants with a pKa value close to 7 (i.e., alkyl carboxylates) to
SPME fibers was driven by linear partitioning of the neutral compound.
However, anionic surfactants with a pKa values much smaller than 7
(i.e., alkylsulfates and alkylsulfonates) showed non-linear distribution to
the fibers. Regression of the logarithmic fiber-water sorption coefficients
with the number of carbon atoms showed that each CH2 group contributed about 0.5 log units to the sorption coefficients for each surfactant
group. The fiber-water sorption coefficients for alcohol ethoxylates and
alkyl sulfates showed a linear trend with bioconcentration factors from
literature. Fiber-water sorption coefficients are promising as a parameter
to study the effects of hydrophobicity and other potential interactions on
the environmental behavior of neutral and anionic surfactants.
173 Equilibrium sampling for a thermodynamic assessment of contaminated sediments
P. Mayer, Technical Univ of Denmark / Dept of Environmental
Engineering; K. Maenpaa, Univ of Eastern Finland / Dept of Biology; G.
Witt, HAW Hamburg / Dept of Environmental Engineering; S. Schaefer,
Federal Inst of Hydrology / Dept of Qualitative Hydrology; P.T. Gidley, US
Army Corps of Engineers / Engineer Research and Development Center;
S.N. Schmidt, Technical Univ of Denmark / Dept of Environmental
Engineering; A. Jahnke, Helmholtz Centre for Environmental Research
Hydrophobic organic contaminants (HOCs) reaching the aquatic
environment are largely stored in sediments. The risk of contaminated
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sediments is challenging to assess since traditional exhaustive extraction
methods yield total HOC concentrations, whereas freely dissolved concentrations (Cfree) govern diffusive uptake and partitioning. Equilibrium
sampling of sediment was introduced 15 years ago to measure Cfree,
and it has since developed into a straightforward, precise and sensitive
approach for determining Cfree and other exposure parameters that
allow for thermodynamic assessment of polluted sediments. Glass jars
with µm-thin silicone coatings on the inner walls can be used for ex situ
equilibration while a device housing several silicone-coated fibers can
be used for in situ equilibration. In both cases, parallel sampling with
varying silicone thicknesses can be applied to confirm valid equilibrium
sampling (method incorporated QA/QC). The measured equilibrium
concentrations in silicone (Csil) can then be divided by silicone/water
partition ratios to yield Cfree. CSil can also be compared to CSil from
silicone equilibrated with biota in order to determine the equilibrium
status of the biota relative to the sediment. Furthermore, concentrations
in lipid at thermodynamic equilibrium with sediment (Clip⇌Sed) can
be calculated via lipid/silicone partition ratios CSil × KLip:Sil, which
has been done in studies with limnic, river and marine sediments. The
data can then be compared to lipid-normalized concentrations in aquatic
organisms or to regulatory thresholds. Finally, CSil can also be converted into chemical activities (a), which express the energetic level of
the chemicals, drive several spontaneous processes and are well linked
to the potential for baseline (mixture) toxicity. This overview lecture will
focus at the latest developments in equilibrium sampling concepts and
methods. Further, we will explain how these approaches can provide a
new basis for a thermodynamic assessment of polluted sediments.

Difficult Substances – Methods and
Approaches for Risk Assessment
174 Proceedings from a Collaborative Workshop Discussing
Challenges in Characterizing Hazard Associated with Difficult-toTest Substances
K.M. Eisenreich, A. Kim, G. Cash, L. Scarano, USEPA / Office of Pollution
Prevention and Toxics
The US Environmental Protection Agency’s Office of Pollution
Prevention and Toxics (OPPT), in cooperation with industry, contract
laboratories, academia and non-governmental organizations, held a
workshop on 10-11 September, 2014 to discuss environmental hazard
evaluation of difficult-to-test industrial chemicals, particularly those
that are poorly water soluble. The workshop focused on specific issues
of difficult-to-test substances including the physical-chemical properties necessary to understand the fate of a chemical, best practices for
measuring water solubility, including “functional” water solubility, and
how they inform hazard outcomes. To address the different challenges
associated with ecotoxicological testing (low water solubility, high
volatility, and high sorption/rapid degradation), three case studies were
presented, illustrating how experimental data describing physical-chemical properties and fate of chemicals can inform appropriate approaches
for evaluating the hazard of difficult-to-test substances. The case studies
informed participants on the role of “functional” water solubility in
determining the water solubility limit as well as the importance of
experimental physical-chemical and fate data to determine the applicable
ecotoxicity testing (i.e., water column or sediment testing). The workshop
also illustrated the need for communication, prior to the start of testing,
between industry, the testing laboratories, and OPPT to determine
appropriate approaches and test methods for testing of a difficult-to-test
substance. OPPT encourages submission and discussion of protocols for
difficult-to-test substances to produce informative and acceptable data
for characterizing hazard. The workshop was a collaborative effort to
provide opportunities for problem solving and development of solutions
to meet the needs of all parties and a workshop report is forthcoming.
Disclaimer: The views expressed in this abstract are those of the authors
and do not represent USEPA policy or endorsement.

175 Proceedings from a Collaborative Workshop Discussing
Challenges in Characterizing Hazard Associated with Difficult-toTest Substances – Part 2
P. DeLeo, American Cleaning Inst; D.T. Salvito, Research Inst for Fragrance
Materials (RIFM) / Dept of Environmental Science; S.D. Dyer, The Procter
& Gamble Company / Environmental Stewardship and Sustainability
Organization; B. Lewis, Givaudan Fragrances Corporation; S. Gainey,
Evonik Corporation
The US Environmental Protection Agency’s Office of Pollution
Prevention and Toxics (OPPT), in cooperation with industry, contract
laboratories, academia and non-governmental organizations, held a
workshop on 10-11 September 2014 to discuss environmental hazard
evaluation of difficult-to-test industrial chemicals, particularly those
that are poorly water soluble. The workshop focused on specific issues
of difficult-to-test substances including the physical-chemical properties necessary to understand the fate of a chemical, best practices for
measuring water solubility, including “functional” water solubility, and
how they inform hazard outcomes. To address the different challenges
associated with ecotoxicological testing (low water solubility, high
volatility, and high sorption/rapid degradation), three case studies were
presented, illustrating how experimental data describing physical-chemical properties and fate of chemicals can inform appropriate approaches
for evaluating the hazard of difficult-to-test substances. The case studies
informed participants on the role of “functional” water solubility in
determining the water solubility limit as well as the importance of
experimental physical-chemical and fate data to determine the applicable
ecotoxicity testing (i.e., water column or sediment testing). The workshop
also illustrated the need for communication, prior to the start of testing,
between industry, the testing laboratories, and OPPT to determine
appropriate approaches and test methods for testing of a difficult-to-test
substance. Sponsors are encouraged to submit and discuss protocols with
OPPT for difficult-to-test substances in advance to produce informative and acceptable data for characterizing hazard. The workshop was
a collaborative effort to provide opportunities for problem solving and
development of solutions to meet the needs of all parties and a workshop
report is forthcoming.
176 What’s the Functional Solubility? The challenges and limitations faced when working with Difficult to Test Substances in aquatic
matrices
M.A. Cafarella, Waterborne Environmental, Inc / Ecotoxicology; M. Lee,
Eli Lilly and Company / Environmental Risk Assessment; J.K. Gates,
Waterborne Environmental, Inc.
Aquatic ecotoxicology data are a key component of regulatory environmental risk assessment of chemicals. Due to the physico-chemical
properties of some chemicals, it can be difficult to generate meaningful
data that adequately satisfy regulatory requirements described in the testing guidelines. Difficulties can include solubility, delivering the chemical
to water and maintaining consistent test concentrations. Various
non-standard methodologies have been developed to help address these
chemicals which are difficult to test. An overview of these non-standard
methodologies and certain physico-chemical properties along with their
impacts on testing-related decision making will be provided. In addition,
a theoretical case study involving a hydrophobic, highly sorptive test
compound with a short hydrolytic half-life will be discussed along with
the decision logic for practical application in the aquatic laboratory.
177 Along came a SPDR: A novel approach to creating truly dissolved
solutions for use in flow-through toxicity testing
B. de Jourdan, Oregon State Univ / Environmental and Molecular
Toxicology; A.S. Cardwell, Oregon State Univ; A.M. Fernandez, Florida
International Univ / SERC; B.A. Stubblefield, Oregon State Univ /
Environmental and Molecular Toxicology
Determination of the toxicity of substances or mixtures requires
adequate control and characterization of the concentration to which
an organism is exposed. Petroleum-derived oils are complex mixtures
containing a range of hydrophobic components, e.g., polycyclic aromatic
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hydrocarbons (PAHs) that present a challenge for testing in the aquatic
toxicology laboratory. Generally, these materials exhibit poor water solubility, are difficult to get into solution, and exposure concentrations can
be unstable due to adsorption and binding to test surfaces and equipment.
For example, drastic reductions in the concentration of PAHs have been
observed over the period of toxicity tests, sometimes as much as >50% in
< 24 hrs. Frequently test solutions created from hydrophobic materials
are composed of both “dissolved” and “undissolved” fractions. Only the
dissolved fraction of a substance is considered truly bioavailable and thus
responsible for any observed toxicity. However, the importance of the
undissolved material is unclear and may lead to adverse effects unrelated
to the dissolved phase materials. Filtration of the test solution has been
used to “remove” the undissolved fraction of hydrocarbon mixtures; however, for some hydrophobic PAHs that adsorb to filters, this method is
inappropriate. Other methods, such as centrifugation, are difficult to scale
up to volumes required for flow-through chronic toxicity tests. We have
modified typical passive dosing techniques using “silicone passive diffusive releasers” (SPDRs), to create a dissolved phase exposure solution that
can be used for standard flow-through acute (96 hr) and chronic (early life
stage, ELS) toxicity tests. SPDR solutions were prepared by loading 15 m
of silicone tubing with concentrated PAH stock, and allowing the tubing
to equilibrate in a 200 L stainless steel barrel filled with recirculating salt
water. Volume requirements for the ELS study mandated preparation of
multiple exposure solutions; minimal batch-to-batch variability was noted
and concentrations remained stable over time. The results of the individual PAH toxicity tests will be discussed, while highlighting the benefits
and challenges of using SPDR created solutions.
178 Degradation Testing of Fluorotelomer-based polymers (FTPs)
L. Libelo, D. Lynch, M.C. Fehrenbacher, A. Mamantov, USEPA / OPPT
RAD; J.M. Ford, USEPA / Office of Pollution Prevention and Toxics; W.
Lee, USEPA / OPPT; D. Tobias, USEPA / OPPT RAD; J. Washington,
USEPA / ORD
Over the last decade, concern about sources of per and polyfluorochemicals (PFCs) have led to an increasing need for information on the
microbial and/or abiotic degradation of polymer materials that contain
PFC structural fragments that may be released. Standard fate testing
protocols (USEPA, OECD, ASTM and others) were not specifically
designed to test polymers and similar chemicals. Initial studies on polymer degradation proved to be challenging and provided limited useful
data. Incremental changes in how studies are conducted, incorporating
lessons learned over time as additional studies are designed, conducted
and evaluated, have allowed the USEPA and the regulated community to design studies that provide more directly applicable results.
Biodegradation, hydrolysis and photolysis studies have required significant modifications to existing protocols including approaches for
quantification and clean-up of residual monomers, characterization and
introduction of test material, extraction procedures for test media and
vessels, analytical methods for degradation intermediates and products,
test duration, test vessel design, volatiles collection and quantification,
and other test details. Examples of testing that deviated from standard
protocols, compared to those that adhered closely to standard guidelines, will be used to illustrate modifications that enhance the value of
data generated. Study designs are still being modified as each new set of
results provides a better understanding of how to conduct these studies. Specific examples of standard test guideline modifications that have
been required will be used to give direction in design of future studies.
The views expressed in this abstract are those of the authors and do not
represent Agency policy or endorsement.
179 Challenges in aquatic toxicity testing of Gas-to-Liquid products
D. Lyon, Shell Oil Co. / Shell Health; C. Hughes, Shell International Limited
/ Shell Health; G. Whale, Shell Health / Shell Health Risk Science Team
As part of a global registration strategy, a suite of Gas-to-Liquids (GTL)
products, ranging in carbon number from C8-C26, have been tested
for acute and chronic aquatic toxicity. The GTL products are defined as
chemical substances of unknown or variable composition, complex reaction products and biological materials (UVCBs). These multi-component
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GTL products contain predominantly normal and branched alkanes,
which are poorly soluble, volatile, and readily biodegradable. As such,
GTL products pose unique challenges for preparation and analysis of
test media for aquatic hazard assessment studies. Aquatic toxicity testing
of these UVCBs was undertaken following best practices from industry
and the OECD and USEPA testing guidelines. From the beginning,
issues with analysis and detection of the GTL products were anticipated
based on their composition and poor water solubility. Consequently, the
approach taken was to administer the test substance as a water accommodated fraction (WAF), as this was the most appropriate dosing
methodology for poorly soluble complex substances. In order to maximize exposure concentrations, steps were taken to minimize loss of test
substance from the WAF (e.g., sealed vessels, frequent media renewal).
In addition, all tests were undertaken with chemical analysis of the test
media. A range of analytical procedures were evaluated to determine an
optimal detection method. This work discusses the issues with test media
preparation and analysis and how they were addressed. The additional
steps taken to resolve some of the issues associated with aquatic toxicity
testing of the GTL products provides a realistic and conservative hazard
assessment.
180 Scientific rationale for the evolution of criteria for PBT and POP
and cut-off values in national and international regulatory tools
M. Matthies, Univ of Osnabrueck / Inst of Environmental Research;
K.R. Solomon, Univ of Guelph / School of Environmental Sciences; M.
Vighi, Univ of Milano / Earth and Environmental Sciences; A. Gilman,
Sustainable Solutions International; J. Tarazona, European Food Safety
Authority / Pesticides Unit
The concepts of PBT and POP assessment are extremely important for
regulatory purposes because they allow identifying and classifying substances that require particular attention for the control of chemicals on
the market (e.g., PBTs or vPvB in REACH) or that need to be banned
or strictly controlled at global level due to their potential for long range
transport (LRT) and to become global pollutants (e.g., POPs as identified under the Stockholm Convention). In spite of this internationally
recognized relevance for regulators and policy makers, these concepts are
not fully consistent in international regulatory tools and their meaning
may be changing. In particular, the origin of the criteria and the evolution of their cut-off values and the specific testing requirements often do
not have a clear and identifiable scientific rationale. The original criteria
were not “bright lines” but in some instances they have become used in
that way. Most national regulations and international agreements derived
cut-off values from substances with known PBT/vPvB or POP properties (“dirty dozen”) by using them as reference chemicals. In particular,
differences in the cut-off values for P, B, T and LRT are highlighted and
the consequences of these differences (e.g., the different classification and
the different number of chemicals requiring strict control measures) are
discussed. The need for using sound science-based criteria or precautionary-based values required for management-policy reasons is also
discussed. The possibility of rationalization of approaches is discussed in
connection with the different protection goals of the various regulatory
frameworks.
181 The Problem with Super-Hydrophobic Chemicals
F. Gobas, Simon Fraser Univ / School of Resource and Environmental
Management Faculty of Environment
Largely based on evidence of the environmentally damaging behavior
of chemicals such as DDT and PCBs, a global regulatory framework
for the evaluation of chemicals in commerce has developed that singles
out chemicals with a low aqueous solubility as chemicals of concern.
This is because chemicals with low aqueous solubility tend to have a very
high octanol-water partition coefficient (Kow). This typically causes the
chemical to exceed the bioaccumulation criterion if the log Kow is equal
or greater than 5. The low aqueous solubility is also often associated with
a high sorption affinity for organic matter in sediment and soil particulates, which reduces the fraction of the chemical available for microbial,
organismal and other breakdown pathways and often causes the chemical to exhibit a long chemical half-life times in sediments and soils
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which exceed criteria values for persistence, even if the substance itself,
in available form, is readily biodegraded or biotransformed. Finally, the
low aqueous solubility can cause apparent toxic effects (EC50) or the
lack of toxic effects (NOECs) to occur at very low concentrations (as
the concentrations of these chemicals is always very low), which triggers
criteria for toxicity. The objective of this study is to investigate whether
super-hydrophobic are correctly identified as chemicals of concern by
current regulations or whether their low aqueous solubility incorrectly
brands them as chemicals of concern. We will discuss the limitations of
current methods to assess the environmental behavior of super-hydrophobic chemicals and compare risks of super-hydrophobic chemicals to
those of more aqueous soluble chemicals. Finally, we recommend some
consideration that should be taken into account when evaluating the
environmental behavior of super-hydrophobic chemicals and provide
some simple ways to assess whether a super-hydrophobic chemicals is a
chemical of concern.

Novel Mechanisms of Nanomaterial
Toxicity Through Direct Exposure and
Indirect Interactions with Environmental
Constituents
182 Cardiovascular toxicity of nanoparticles to zebrafish (Danio rerio)
embryos
J. Gao, M.S. Sepulveda, C.T. Mahapatra, Purdue Univ / Forestry and
Natural Resources
Nanotechnology manipulates matter at the nanoscale (1-100 nm) is rapidly moving into many aspects of human life. In 2011, global market for
nanotechnology was valued up to $20 billion, and is expected to double
by 2017. Engineered nanomaterials (ENMs) can enter into the environment through air, water and food chains, which can result in exposure
to humans and other organisms leading to potential adverse health
effects. However, effects on the cardiovascular system by ENMs has
been mostly overlooked. Our study is focusing on the effects of nanoparticles (NPs) on cardiovascular development using zebrafish (Danio rerio)
embryos. Our results demonstrate that polyvinylpyrrolidone-coated
silver nanoparticles (PVP-AgNPs, 1- 10 ppm) (60 nm) cause angiogenesis delay during early life stages (24 and 48 hours post-fertilization, hpf)
and abnormal vascular development at later life stages (72 and 96 hpf).
In addition, PVP-AgNPs also cause delay heart development resulting in
bradycardia, decreased respiration and overall growth delays. Finally, we
observed an induction in the expression of several genes (vegf, vegfr, pi3k,
pkc, plc, and bcl2) related with the VEGF pathway. Interestingly, VEGF
protein levels are not increased, suggesting disruption of translational
control mechanisms. In conclusion, our results show that PVP-AgNPs
are anti-angiogenic, and vasculo-and cardio-toxic and that these effects
are related with the VEGF pathway. These effects cannot be attributed to
silver ions (Ag+) since concentrations were below 1 ppb. We are currently
conducting similar studies with other types of NPs.
183 Interference of silver nanoparticles with essential metal homeostasis in a multi-cellular fish in vitro system
M. Minghetti, K. Schirmer, Eawag / Environmental Toxicology
Tight regulation of the homeostasis of essential elements is crucial for
the life of all organisms. Several metal specific transporter proteins
are necessary to allow this process. In this study we evaluate if citrate
coated silver nanoparticles (cit-AgNPs) or AgNO3 affect this complex
machinery. Using lines of human intestinal (colorectal adenocarcinoma
cells, Caco-2) fish intestinal (rainbow trout gut, RTgutGC) and hepatic
(rainbow trout liver, RTL-W1) cells, this project aims to investigate the
effect of cit-AgNPs and AgNO3 on the homeostasis of essential metals
such as Cu, Fe and Zn. Intestinal cells were grown in the upper chamber
(apical) of a transwell allowing cell polarization. To evaluate the effect
of cit-AgNPs following intestinal uptake, hepatic cells were co-cultured
in the lower chamber (basolateral). A multiple endpoint viability assay

was applied to measure cell metabolic activity, membrane and lysosome integrity. Dose response curves were generated in cells exposed
to AgNO3 and cit-AgNPs in complete media (Leibovitz’s L-15 supplemented with 5% FBS) and exposure media (L-15 but without amino
acids and vitamins) for 24 hours. Then, doses of AgNO3 and cit-AgNPs
that resulted in 0 (non-toxic) and 15% (toxic) reduction of viability were
applied and Ag, Cu, Zn and Fe concentration (by ICP-MS), transcriptional responses (by qPCR; including metallothionein and Cu and Zn
transporters, ATP7A and ZnT1, respectively) and intracellular images
(in Caco-2, ATP7A protein trafficking by confocal microscopy and in
RTgutGC elemental analyses by STEM/EDX) were acquired. Viability
assays indicated that lysosomes are a target of cit-AgNP. Metal analyses
revealed that, while intestinal cells accumulated similar amounts of silver
following non-toxic exposure of AgNO3 or cit-AgNPs, cells exposed
to AgNO3 excreted significantly more Ag to the basolateral chamber
resulting in higher Ag accumulation in RTL-W1 cells. Moreover,
application of toxic doses of AgNO3 resulted in a reduction of intracellular Zn and Fe. In comparison to AgNO3, cit-AgNPs elicit a similar
but attenuated metal stress response (induction of MT mRNA and
ATP7A protein trafficking). Electron microscopy and elemental analysis
suggested that cit-AgNPs can possibly induce autophagy and that, intracellularly, cit-AgNPs are dissolved quickly. Thus, Ag is a potent disruptor
of essential metals homeostasis and cit-AgNPs, which tend to be more
difficult to excrete by the cell, can prolong this effect.
184 Mechanisms of cellular uptake and sub-cellular localization of
nanoparticles
G. Goss, V.A. Ortega, L.C Felix, Univ of Alberta / Dept of Biological Sciences
Nanoparticles (NPs) are used in many agricultural applications, from
micronutrients for crops to carriers for pesticides. Some NPs are
designed to deliver active ingredients to specific locations within a cell.
To improve the efficacy of NPs as pesticide carriers and to safely use NPs
in the agriculture industry, it is important to elucidate the mechanism(s)
by which NPs enter cells, which may ultimately determine their intracellular fate. Endocytosis is an energy-dependent process used by cells to
take in select extracellular macromolecules such as proteins, viruses and
even NPs. We hypothesize that NPs enter cells through clathrin-mediated endocytosis, caveolae-mediated endocytosis and macropinocytosis.
To test this hypothesis, we pre-incubated rainbow trout (Oncorhynchus
mykiss) gill epithelial cells (RTgill-W1) with known pharmacological inhibitors of these pathways, incubated the cells with polymer NPs
containing a fluorescent dye, stained the nucleus and plasma membrane
and subsequently observed the efficacy of the inhibition of NP uptake
using confocal microscopy. Proteins known to be taken up by specific
endocytic pathways and cells in the absence of inhibitors or NPs served
as positive and negative controls for these experiments, respectively.
Preliminary confocal micrographs suggest that NPs enter cells through
multiple endocytic pathways, though caveolae-mediated endocytosis
appears to be the primary mechanism involved in the uptake of these
10 nm particles. We have also observed NPs in the cytoplasm of the
cell and some NPs were found near the nuclear membrane. To further
verify the involvement of endocytosis in NP uptake, we plan to incubate
RTgill-W1 cells with fluorescent NPs, selectively label the nucleus,
plasma membrane and lysosomal compartments with different fluorescent dyes and then image the sub-cellular localization of NPs within the
cytoplasm. Understanding the mechanisms by which NPs interact with
cells could provide new insights into the design of NPs for targeted delivery of the active ingredient in pesticide formulations and lead to new and
more sustainable approaches to pest management in agricultural systems.
185 Multi-Walled Carbon Nanotubes Alter Toxicities of
Diphenhydramine and Diclofenac in Exposures with Sediment and
Natural Organic Matter
M.C. Black, M.E. Hamilton, M. Myer, Univ of Georgia / Dept of
Environmental Health Science
Pharmaceuticals and multi-walled carbon nanomaterials (MWCNTs)
are novel, synthetic materials with the potential to be released to the
aquatic environment following product manufacturing, consumption,
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use, and disposal or sewage treatment. Although sediments are the
presumed sink for MWCNTs and many pharmaceuticals released to
the aquatic environment, little is known about the interactions between
pharmaceuticals, MWCNTs and sediments and how these interactions
might influence bioavailability and toxicity of either a pharmaceutical or carbon nanomaterials under natural conditions. We exposed
Ceriodaphnia dubia to two pharmaceuticals, diphenhydramine and
diclofenac, under various treatments containing sediment or natural
organic matter (NOM) in the presence and absence of MWCNTs. We
hypothesized that our model pharmaceuticals would bind to MWCNTs,
which would accelerate their precipitation and association with sediment,
reducing their bioavailability to pelagic organisms. For diphenhydramine, interactions with either sediment or MWCNTs reduced its
toxicity significantly compared to diphenhydramine exposures with no
sorbent (MWCNT or sediment). However, diclofenac toxicity was not
reduced by co-exposure with MWCNTs compared to diclofenac exposures in water, although toxicity was reduced by 35% when sediments
were present. Addition of MWCNTs to sediment exposures resulted
in the greatest toxicity reductions of diphenhydramine and diclofenac.
However, in the absence of sediment the toxicities of both diclofenac
and diphenhydramine were increased when co-exposed with MWCNTs
with added NOM. Coinciding with increased toxicity of diclofenac
was the observation of MWCNTs in the gut tracts of exposed C. dubia.
Co-exposure with NOM appears to stabilize MWCNT-pharmaceutical
complexes in the water column where they are likely consumed by C.
dubia. Mortality in these organisms may result from desorption of the
pharmaceutical from MWCNTs in the gut or the organisms’ inability to
eliminate the pharmaceutical-MWCNT complex. Interactions between
pharmaceuticals and MWCNTs are complex, and toxicity to C. dubia is
not always predicted by assumed binding relationships when sediment
and NOM are also present.
186 Photo-induced Toxicity and Interaction of Titanium Dioxide
(TiO2) Nanoparticles with Natural Organic Matter (NOM) in
Aquatic Systems
A. Wormington, Univ of North Texas / Dept of Biological Sciences; A.P.
Roberts, C. Overturf, Univ of North Texas / Dept of Biology Inst of Applied
Science
Titanium dioxide (TiO2) nanoparticles are the most widely used
nanoparticles in commercial industry, and come in two main forms:
rutile and anatase. Rutile TiO2 is stable and is used as a UV-blocking
pigment. Anatase TiO2 has a surface defect that makes it photoreactive, and thus has a variety of applications as a photocatalyst. There are
numerous reports in the literature of photo-induced toxicity to aquatic
organisms following co-exposure to anatase TiO2 and UV. All natural
freshwaters contain varying amounts of natural organic matter (NOM),
which can drive UV attenuation and quench ROS in aquatic ecosystems.
The goal of this research was to examine how NOM affects toxicity of
anatase TiO2 in the presence of UV. D. magna neonates were co-exposed
to NOM and a lethal dose of photoexcited TiO2 for 48 hours. NOM
concentrations as low as 4 mg/L (< 10% UV attenuation) reduced TiO2
toxicity by nearly 100%. These results indicate that ROS quenching
by NOM, not UV attenuation, is the primary mechanism behind the
protective behavior of NOM against TiO2 phototoxicity.
187 Toxicogenomic responses of Medicago truncatula to aged biosolids
containing nanomaterials (TiO2, Ag and ZnO) from a pilot wastewater treatment plant
C. Chen, Univ of Kentucky; O.V. Tsyusko, Univ of Kentucky / Dept of Plant
Soil Sciences; J. Unrine, J. Judy, Univ of Kentucky
The toxicogenomic responses in Medicago truncatula A17 were monitored
following exposure to biosolids-amended soils. Treatments included
biosolids produced using a pilot wastewater treatment plant with either
no metal introduced into the influent (control), bulk/ionic TiO2, ZnO,
and AgNO3 added to influent (bulk treatment), or Ag, ZnO, and TiO2
engineered nanomaterials added to influent (ENM treatment) and then
added to soil which was aged in the field for six months. In our companion study we found inhibition of nodulation in the ENM but not in the
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bulk treatment. Global gene expression profiling revealed highly distinct
profiles with more than 10-fold down-regulation in 239 genes in M.
truncatula roots from the ENM treatment, while gene expression patterns were similar between bulk and control treatments. In response to
ENM exposure, many of the identified biological pathways, gene ontologies, and individual genes are associated with nitrogen metabolism,
nodulation, metal homeostasis and stress responses. Expression levels
of 9 genes were independently confirmed with qRT-PCR. Exposure
to ENMs induced unique shifts in expression profiles and biological
pathways compared with bulk treatment, despite the lack of difference in
metal oxidation state and coordination environment between ENM and
bulk biosolids. As populations of Sinorhizobium meliloti Rm2011 were
similar in bulk and ENM treatments, our results suggest that inhibition
of nodulation in the ENM treatment was primarily due to phytotoxicity,
likely caused by enhanced bioavailability of Zn ions.
188 Defining biomarkers for functionalized gold nanoparticle
induced adverse outcomes
J. Bozich, Univ of Wisconsin–Milwaukee / SFS; D. Lohse, bbe Moldaenke
GmbH; A. Vartanian, L. Jacob, Univ of Illinois Urbana-Champaign;
M. Torelli, R. Hamers, Univ of Wisconsin Madison / Dept of Chemistry;
C. Murphy, Univ of Illinois Urbana-Champaign; R. Klaper, Univ of
Wisconsin-Milwaukee / School of Freshwater Sciences
Nanoparticles (NPs) are being developed for a variety of industrial,
biomedical, and environmental applications. These applications are
possible because of the unique physiochemical properties NPs exhibit
however, these properties may also influence their biocompatibility.
In order to fully understand and mitigate any potential environmental
impact and make predictions about potential impacts across an ecosystem, the mechanisms that govern nanomaterial toxicity need to be better
understood. Most studies to date have focused on oxidative stress as a
result of exposures to large concentrations of NPs, which is limited in its
utility as a biomarker for predicting toxicity and chronic impacts. In this
study, we investigated the impact of chronic exposures to functionalized
gold NPs (AuNPs) with positively or negatively charged surface ligands
on apical endpoints such as reproduction, and the associated molecular
pathways in the aquatic model, Daphnia magna. Preliminary results
reveal that the relative gene expression of vtg (Vitellogenin; an egg yolk
precursor protein) and act (Actin; a cytoskeleton protein) genes were
identified as candidate biomarkers in D. magna upon chronic exposure to
low concentrations of positively charged, polyallylamine hydrochloride
AuNPs. In addition we examined global gene expression differences
using next-generation sequencing. Our results also revealed that changes
in molecular pathways were strongly dependent upon ligand-NP combinations and that functionalized NP impacts might not be fully predicted
by their respective ligand alone, as nano-unique pathways were induced.
This study elucidates mechanisms for NP toxicity by linking molecular
pathways to adverse outcomes and nanomaterial properties that will to
lead to the prediction of meaningful environmental outcomes.
189 Release of Polymer Additives and Plasticizers from CNT-polymer
Nanocomposites
M.D. Montano, Colorado School of Mines / Chemistry; R. Lankone, C.
Gao, Johns Hopkins Univ; H. Fairbrother, Johns Hopkins Univ / Dept of
Chemistry; L. Ferguson, Pratt School of Engineering / Dept of Civil and
Environmental Engineering
The unique properties of many nanomaterials have made them attractive
additives for incorporation into polymers. In particular, carbon nanotubes (CNTs) possess excellent mechanical strength properties; as well
as high thermal and electrical conductivity that make them an attractive
choice for preparing polymer nanocomposite materials. As these CNTplastic composites are used and discarded, the environmental release
of both CNTs and other polymer additives become likely. While many
efforts have been directed toward the assessment of nanomaterial release
from these composites, relatively few studies have been aimed at how
the incorporation of nanomaterials into plastics may affect the release
and subsequent fate of polymer additives into the environment. We
have investigated the release of a common polymer additive, bisphenol
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A (BPA), from a polycarbonate polymer containing various amounts
of single walled CNT loading. To simulate environmental weathering/
release conditions, the nanocomposites were leached in EPA moderately
hard water. Different weathering scenarios (e.g., thermal degradation, UV exposure, mechanical weathering) were simulated to explore
various conditions that may lead to release of both CNTs and BPA.
After 48 hours, BPA was quantified by LC-MS/MS showing releases
ranging from the sub-µg L-1 to 25 µg L-1 under room temperature.
The SWCNTs were quantified using both near-infrared fluorescence
spectroscopy (NIRF) and single particle ICP-MS (spICP-MS), utilizing
the residual catalyst metals in the CNTs as analytes. Preliminary findings show that the CNTs may play a role in greater BPA release at room
temperature, but these differences dissipate at elevated temperatures
simulating thermal degradation. An important component of this project
was to evaluate both the influence that CNTs have on the release of BPA
and the underlying mechanism of this release with regard to potential
association of the BPA with the CNTs. Though nanomaterials are show
great promise in the development of new and novel polymer composites, it will be important to ascertain an understanding of not only the
inherent ecotoxicological potential of nanomaterials, but how they might
also influence the biological and environmental stressors present in the
environment.
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Chemicals of Emerging Concern in the
Environment: Organic Flame Retardants
190 In-situ accumulation of flame-retardants in muscle tissues of
smallmouth bass (Micropterus dolomieu) and snail bullhead catfish
(Ameiurus brunneus)
M.J. La Guardia, R.C. Hale, Virginia Inst of Marine Science / Aquatic
Health Sciences
We previously determined in-situ mollusk bioaccumulation factors
for brominated flame-retardants (BFRs) collected downstream from
a textile processing facility. That effort indicated hexabromocyclododecane (HBCD) and polybrominated diphenyl ethers (PBDEs) with
4 -6 bromines had similar tendencies to accumulate; but that accumulation propensities for 2-ethylhexyl 2,3,4,5-tetrabromobenzoate
(TBB), 2-ethylhexyl 2,3,4,5-tetrabromophthalate (TBPH) and 1,2-bis
(2,4,6-tribromophenoxy) ethane (BTBPE)) were lower. To evaluate insitu BFR accumulation in teleosts consumed by humans, the carnivorous
smallmouth bass (Micropterus dolomieu) and the omnivorous bullhead
catfish (Ameiurus brunneus) were collected at the textile facility outfall,
45 km downstream and 17 km upstream for muscle tissue analysis.
PBDEs were detected in all samples and both species had similar
∑PBDE levels (bass (n=21), mean 1210, range 69.7 –3210 ng g-1 lipid
weight (lw)), catfish (n=20) mean 1530, range 71.8 –4120 ng g-1 lw) with
one exception, a bass collected at the outfall, ∑PBDEs, 15,000 ng g-1 lw.
On average, BDE47 was the major PBDE congener detected, however
its contribution was greater (62%, by weight) in bass compared to catfish
(39%) tissues. TBPH was detected in one bass at 21 ng g-1 lw however,
TBB and TBPH were detected in 50% of the catfish, range 14.8 -984
ng g-1 lw. BTBPE was not detected. HBCD was detected in 2 (37.1
and 190 ng g-1 lw) of the 8 catfish from the upstream site but a >90%
detected rate was observed in those collected downstream (mean conc.
4390 ng g-1 lw), indicating the textile outfall was a significant point
source. One of these catfish had HBCD tissue burdens of 11,500 ng g-1
lw; among the highest reported world-wide. HBCD tissue detects in the
bass were rarer, < 30% (conc. range 23.7 –217 ng g-1 lw). This indicates
HBCD biodegradation or modest uptake in this piscivorous. Mature
females of both species exhibited lower tissue concentrations of PBDEs
indicating possible elimination via spawning. This pattern was not
observed for HBCD. Our results demonstrate that: 1) bioaccumulation
of TBB, TBPH and BTBPE are considerably lower than PBDEs and
HBCDs in these teleost species; 2) bullhead catfish had higher HBCDs
burdens than smallmouth bass; 3) PBDEs and HBCD are transferred
within the food-web, including species eaten by humans, and thus should
be considered in consumption advisories.
191 Long term spatial and temporal trends of PBDEs and their
replacements in the Great Lakes atmosphere
L. Liu, A. Salamova, M. Venier, R.A. Hites, Indiana Univ / School of
Public and Environmental Affairs
Air (vapor and particle) samples collected every 12 days and precipitation samples collected every month at five sites around the
Great Lakes from 2005 to 2013 (inclusive) as part of the Integrated
Atmospheric Deposition Network (IADN) were analyzed for polybrominated diphenyl ethers (PBDEs) and alternative flame retardants
including pentabromoethyl benzene (PBEB), 1,2-bis(2,4,6-tribromophenoxy)ethane (TBE), decabromodiphenylethane (DBDPE),
2-ethylhexyl-2,3,4,5-tetrabromobenzoate (TBB), bis(2-ethylhexyl)tetrabromo-phthalate (TBPH), and Dechlorane Plus (DP). The
concentrations of almost all of these flame retardants were positively
related to the number of people living or working within a 25 km radius
of the sampling site. Among brominated compounds, the only exceptions
were HBB and PBEB, the concentrations of which were relatively high
at Sturgeon Point and Eagle Harbor, respectively. DP levels were also
highest at Sturgeon Point, which is located near the DP manufacturing
plant. A multiple linear regression model was applied to determine the
temporal trends of the concentrations of these compounds. The temporal trends of these concentrations are highly variable. For example,
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the temporal trends of the concentrations of BDE-47 are site specific,
increasing at Sturgeon Point, Sleeping Bear Dunes, and Eagle Harbor
while decreasing at Chicago and Cleveland. The concentrations of TBB
and TBPH, major components of Firemaster 550 increased at most
sites with a doubling time of ~2 years. Strong correlations are also found
between the concentrations of some PBDE congeners (e.g., BDE-209)
and their replacements (DBDPE), suggesting similar sources of these
chemicals.
192 Alternative Flame Retardants in San Francisco Bay Biota
R. Sutton, San Francisco Estuary Inst; D. Chen, Southern Illinois Univ
Carbondale / Chemistry; M.D. Sedlak, San Francisco Estuary Inst
The state of California has implemented unique flammability standards for consumer products. In response to nationwide phase-outs of
polybrominated diphenyl ether (PBDE) flame retardants, manufacturers
began to substitute other flame retardant chemicals in their products in
order to meet these standards. Little is known about many of the diverse
array of bromine-, chlorine-, and phosphate-containing compounds
that have replaced PBDEs. Some of these chemicals have been in use
for decades, while others are new. Some are known to bioaccumulate,
and some exhibit aquatic toxicity or endocrine-disrupting properties in
laboratory tests. In recent studies, the Regional Monitoring Program for
Water Quality in San Francisco Bay (RMP) has detected some of these
alternative flame retardants in samples of Bay water, sediment, and biota.
Typically, they are found in lower concentrations than PBDEs. The levels
observed have been below the effects thresholds that exist for a few of
these compounds, but for most of these chemicals the potential risks are
unknown. Starting in 2014, changes to California’s flammability standards may lessen the use of chemical flame retardants in some types of
consumer goods, and therefore possibly reduce contamination in the Bay.
Preliminary results from a new survey of alternative flame retardants in
Bay harbor seal blubber and deployed bivalves are presented. Phosphatebased flame retardants were detected in both types of tissue, but the
diester metabolites of these compounds were not. Brominated flame
retardants were detected in both harbor seal blubber and bivalves, as were
low levels of Dechlorane plus. Dechlorane 604, 603, and 602 were only
found in harbor seals.
193 Gestational vs. Lactational Transfer of Firemaster 550
Components in Perinatally Dosed Rats
A. Phillips, A. Chen, Duke Univ / Nicholas School of the Environment;
B. Horman, K. Rock, North Carolina State Univ; H.B. Patisaul, North
Carolina State Univ / Dept of Biology; H.M. Stapleton, Duke Univ /
Nicholas School of the Environment
Firemaster® 550 (FM 550) is a flame retardant mixture composed of
four components: 2-ethylhexyl-2,3,4,5-tetrabromobenzoate (TBB), bis
(2-ethylhexyl)-2,3,4,5-tetrabromophthalate (TBPH), triphenyl phosphate (TPP) and a suite of isopropylated triphenylphosphate isomers
(IPTs). Components of FM 550 have been ubiquitously detected in
house dust, and the urinary metabolite of TBB, 2,3,4,5-tetrabromobenzoic acid (TBBA), has been frequently detected in recent analyses of
human urine suggesting that FM 550 exposure is widespread. However,
there has been little research investigating the toxicokinetic properties
of FM 550. In an exploratory study, we found that FM 550 components
accumulate in exposed dams and pups following perinatal dosing. We
determined that TBB accumulated in adipose, liver and muscle tissue of dams and pups at PND21. In the present study, we investigated,
separately, gestational and lactational transfer of the components of FM
550 in perinatally dosed Wistar rats (three exposure groups: control,
300 ug/day, and 1000 ug/day). We first measured FM 550 components
in rat fetuses to determine gestational transfer after dams were exposed
from GD 9-18. Preliminary findings show that TBB and TBPH, but not
TPP, accumulated in the pups during gestation. Average TPP concentrations in the two dose groups did not differ significantly from controls
and background levels, suggesting no accumulation. However, both TBB
and TBPH concentrations showed a dose-dependent increase in tissues,
and demonstrated placental transfer of both chemicals. Average TBB
concentrations were 6.28 and 1.55 ng/g tissue wet weight in the high and
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low dose groups, respectively. Average TBPH concentrations were 2.42
and 0.80 ng/g tissue wet weight in the high and low dose groups, respectively. We also measured FM 550 components in rat pups on PND 12
following daily exposure through the dam from PND 3-12 to determine
lactational transfer. Preliminary findings show that TBB accumulates in
tissue to a greater extent via lactational transfer than during gestational
transfer. Average TBB concentrations in whole pup tissues from the
lactational transfer experiment showed a dose-dependent increase in
tissues, and were measured as 66.2 and 15.4 ng/g tissue wet weight in the
high and low dose groups, respectively. Further research will quantify
the accumulation, metabolism and distribution of FM 550 components
among brain, liver, adipose, serum and muscle tissues in both dams and
pups at PND 21.
194 Inhibition of thyroid hormone sulfotransferase activity by
2,4,6-tribromophenol and hydroxylated PBDEs in a human choriocarcinoma placental cell line
C. Leonetti, Duke Univ /Integrated Toxicology and Environmental Health;
C.M. Butt, H.M. Stapleton, Duke Univ / Nicholas School of the Environment
Many halogenated organic contaminants have been implicated as
endocrine disruptors that target the hypothalamic-pituitary-thyroid
axis and subsequently interfere with thyroid hormone (TH) regulation.
One potential mechanism for TH disruption is the inhibition of thyroid
sulfotransferase (SULT) activity. Sulfation of THs is important for
regulating the peripheral levels of biologically active triiodothyronine
(T3). In human placental tissues, specifically during the first trimester
of pregnancy when 100% of THs in fetal circulation are of maternal
origin, SULT enzymes help regulate and control the materno-fetal
transfer of THs. This delivery of THs to the fetus is critically important
for proper fetal neurodevelopment. Previous work in our laboratory has
demonstrated that brominated flame retardants such as polybrominated
diphenyl ethers (PBDEs) and 2,4,6-tribromophenol (246-TBP) can
inhibit TH SULT activity in human hepatic tissues. These contaminants
were recently detected in a cohort of human placenta tissues (n=102),
and concentrations of 246-TBP ranged from 1.3-320 ng/g lipid, while
the concentration of BDE-47 ranged from 0.12-141 ng/g lipid. The
goal of the present research was to evaluate the inhibition of 3,3’-T2
SULT activity in both cell homogenates and in a cell culture of human
choriocarcinoma placenta cells (BeWo), following exposure to 246TBP. Preliminary experiments were conducted to measure the 3,3’-T2
sulfation kinetics profile in BeWo cells. The Michaelis-Menten kinetics parameters (Vmax=13.2 pmol T2/mg protein/min; Km=0.98 uM
3,3’-T2) were first calculated in cell homogenates by evaluating SULT
activity over a 3,3’-T2 concentration range of 0.05-10 uM. Inhibition of
SULT activity by 246-TBP was then examined in the cell homogenate
by incubating 1-1000 nM of 246-TBP in the cell homogenates for 30
min. The highest dose (1000 nM) of 246-TBP reduced SULT activity by
>95%, and the estimated IC50 concentration was calculated at 5.0 nM.
Additionally, cell cultures were exposed to 246-TBP (1-100 uM) for 24
hours to examine changes in basal SULT activity. The SULT activity
was reduced 89%, 6.0% and 0.9%, respectively in the 100, 10 and 1 uM
doses relative to controls. These data indicate that SULT activity in placenta cells may be sensitive to inhibition by halogenated contaminants,
and future work will be conducted to further characterize the sensitivity
of TH SULT activity by OH-BDEs and examine the effect on T3 levels
in the cell cultures.
195 Bioaccumulation processes of alternative halogenated flame
retardants and PBDEs in the terrestrial and marine environments of
the Canadian Arctic
A. Morris, Univ of Guelph, Environment Canada / Environmental Biology;
D.C. Muir, Environment Canada / Aquatic Contaminants Research
Division; K.R. Solomon, Univ of Guelph / School of Environmental
Sciences; C. Teixeira, Environment Canada / Aquatic Contaminants
Research Division; X. Wang, Environment Canada; A.T. Fisk, Univ of
Windsor / Great Lakes Inst for Environmental Research; B.C. McMeans,
Univ of Guelph / Integrative Biology; M. Duric, Ontario Ministry of the
Environment and Climate Change / Laboratory Services Branch

The bioaccumulation and trophodynamics of polybrominated diphenyl
ethers (PBDEs) and alternative halogenated flame retardants (A-HFRs)
were investigated in both the ringed seal (Pusa hispida) and Arctic wolf
(Canis lupus) food chains of the Canadian Arctic. Both PBDEs and
A-HFRs [particularly 2,4,6-tribromophenyl allyl ether (TBP-AE)
and 1,2,3,4,5-pentabromobenzene (PBBz)] effectively bioconcentrated
in terrestrial vegetation with volumetric bioconcentration factors (log
BCFv) ranging from 8.8–11. Similarly, PBDEs, TBP-AE, PBBz and
other A-HFRs were efficiently accumulated in marine organisms (algae,
plankton, fish, seals), with bioaccumulation factors (log BAFs) ranging
from 4.8–9.4. The log BCFv values were significantly, positively correlated with the octanol-air partition coefficients in vegetation (log KOA;
Pearson r2 = 0.31, p < 0.05, n = 15), and the log BAFs were significantly,
positively correlated with the octanol-water partition coefficients (log
KOW) in water-respiring organisms (r2 = 0.41–0.91, p < 0.001 , n =
14–25) and in some seal tissues. Biomagnification factors (BMFs) for
PBDEs did indicate congener-specific biomagnification (BMFs >1) from
vegetation to caribou (Rangifer tarandus groenlandicus; BDE197, -206
to -209) and caribou to wolves (BDE28/33, - 154, -206, -209 and total
PBDEs). Trophic magnification factors (TMFs) indicate a small degree
of food chain-wide biomagnification of BDE28/33, octa–decaBDEs and
total PBDEs in the terrestrial food chain (TMFs = 1–2). In contrast,
all of the PBDEs underwent trophic dilution through the marine food
chains (TMFs < 1). The BMFs for BDE154 did significantly exceed
one in three diet to consumer transfers in the seal food chains (BMFs
= 2.0–4.9), but these were location and trophic level specific. BDE47
(BMF = 29 ± 7.3) and BDE99 (BMF = 30 ± 9.2) only biomagnified in
the plankton to capelin (Mallotus villosus) transfer at one location. None
of the BMFs or TMFs for the A-HFRs suggested that they biomagnified
significantly in either system. TMFs were significantly, positively correlated with the log KOW and log KOA in the terrestrial food chain (r2
= 0.68–0.74, p < 0.001, n = 18), while they were significantly, negatively
correlated with both the log KOW and log KOA in the ringed seal food
web (r2 = 0.30–0.32 , p < 0.05, n = 16). The factors affecting the trophodynamics between the food chains will also be discussed.
196 Measuring Gaseous Organic Flame Retardants in Great Lakes
Air Using Passive Polyethylene Samplers
C.A. McDonough, Univ of Rhode Island / Graduate School of Oceanography;
D.C. Muir, Environment Canada / Aquatic Contaminants Research
Division; P.A. Helm, Ontario Ministry of the Environment and Climate
Change / Environmental Monitoring and Reporting Branch; R. Lohmann,
Univ of Rhode Island / Graduate School of Oceanography
50 µm-thick passive polyethylene samplers (PEs) were deployed in
air and water throughout the lower Great Lakes (Lake Erie and Lake
Ontario) at shoreline and offshore sites to measure a variety of currently
and recently manufactured organic flame retardants (OFRs) in 2012 and
2013. While regulatory actions have led to declining concentrations of
brominated diphenyl ethers (BDEs) in many areas, continued emission of
these pollutants from in-use consumer products is an ongoing problem.
Additionally, the manufacture and use of alternative OFRs has most
likely increased as BDEs have been phased out, making novel brominated flame retardants (NBFRs) and organophosphate esters (OPEs)
a growing concern. PEs passively accumulated OFRs from air during
deployments, which were typically about 2 months long, allowing determination of time-averaged concentrations during the sampling period.
Extracts were analyzed by GC/MS in negative chemical ionization
(NCI) mode to detect BDEs and NBFRs and in electron ionization (EI)
mode to measure OPEs. PEs were loaded with performance reference
compounds (PRCs) prior to deployment to enable determination of the
percent equilibrium reached for target compounds. Ambient air concentrations were calculated using PE-air partitioning coefficients (KPEA)
estimated from vapor pressure. Extracts were analyzed for twelve
mono- to octa-brominated BDE congeners. Preliminary calculations
suggest that Σ5BDE (total of BDE 28, 49, 48, 99, and 100) ranged from
1 pg/m3 to 5 pg/m3, with the greatest concentrations measured on the
shoreline in Cleveland (OH). Alternative BFRs including tetrabromo-pxylene (pTBX) pentabromobenzene (PBB), pentabromotoluene (PBT),
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pentabromoethylbenzene (PBEB), and hexabromobenzene (HBB) were
also identified in PE extracts. Ambient gaseous concentrations of each of
these compounds were estimated to be < 3 pg/m3. Of the OPEs, triphenylphosphate (TPHP) and ethylhexydiphenylphosphate (EHDPP) were
detected most frequently, with Σ2OPE concentrations estimated to range
from 14 to 150 pg/m3. Concentrations of gaseous OFRs were generally
lowest during over-winter deployments and greatest during warmer summer months. Correlations between gaseous concentrations of OFRs and
temperature, as well as geographical information such as population and
land use, will be discussed with the aim of identifying significant sources
of these pollutants to the lower Great Lakes environment.

Design and Use of Spiked Sediment
Toxicity Tests to Improve Environmental
Management Decision Making
197 Spiking metals in freshwater or marine sediments for use in laboratory toxicity testing: Challenges and recommendations
B.G. Brumbaugh, USGS / Columbia Environmental Research Center;
S.L. Simpson, CSIRO Land and Water / Centre for Environmental
Contaminants Research
Spiking sediments with metals or other contaminants is often used
for sediment toxicity testing because it a practical means to produce a
consistent series of exposure concentrations to systematically determine
thresholds for toxic effects. Also, spiking of sediment can be useful for
evaluating sediment metal bioavailability models or to assess importance of different exposure routes (water, sediment, or diet). However,
spiking with metals often affects important characteristics of the
native sediment, including for example, the pH, redox conditions, and
concentrations of dissolved ions in the pore water. Furthermore, the
spiked metal(s) may not partition among the sediment binding phases in
the same manner as the metal(s) in the native sediment. Consequently,
when preparing a series of metal-spiked sediments to be used for toxicity
testing, it can be challenging to produce samples that reflect environmental conditions of the field, especially when the metal is spiked at high
concentrations. In particular, the spiking method, as well as the toxicity
test system, should avoid the production of unrealistically high soluble
metal concentrations in pore water or overlying water. During the past
several years our laboratories have conducted multiple sediment spiking
studies for use with toxicity tests with metals. Based on our experiences, we discuss potential problems and recommendations for preparing
metal-spiked sediments that may improve the environmental relevance
of associated toxicity tests for freshwater or marine sediment testing.
Topics will include adjusting for spiked metal-derived acidity, equilibration under unstable redox conditions, spiking beyond sediment binding
capacity, and evaluating environmental relevance. In addition, highlights
will be presented from case studies involving sediments spiked with copper or nickel.
198 Pyrethroid sediment toxicity data and risk assessment: challenges
associated with highly hydrophobic chemicals
J.M. Giddings, Compliance Services International; T. Valenti, Syngenta
Crop Protection LLC; P. Hendley, Phasera Ltd; T. Xu, Bayer CropScience
The extreme hydrophobicity of pyrethroid insecticides dominates their
bioavailability and toxicity in sediments. Pyrethroids in sediment partition between sediment organic matter, dissolved organic matter in pore
water, and the freely dissolved fraction in pore water. Numerous studies
with pyrethroids have shown that only the freely dissolved fraction is
bioavailable and can contribute to sediment toxicity, consistent with
the equilibrium partitioning (EqP) model. However, measurement of
freely dissolved pyrethroids in pore water is technically challenging,
and it is more practical to estimate pore water concentrations based on
organic carbon partition coefficients (KOC) and measured sediment
residues. We determined KOC values for 9 synthetic pyrethroids using
Solid Phase Microextraction (SPME), which measures only the freely
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dissolved fraction, as well as liquid-liquid extraction (LLE), which
measures total pyrethroid. KOC-SPME and KOC-LLE coefficients
were determined using both a standard adsorption batch study design
(sediment:water ratio 1:100) and also under sediment toxicity test
conditions (sediment:water ratio 1:2) with both natural and formulated
sediments. As expected, KOC-SPME values were considerably higher
than KOC-LLE values. Unexpectedly, both sets of KOC values were
1 to 2 orders of magnitude lower under toxicity test conditions than in
the standard adsorption design. Differences in KOC values between
natural and formulated sediment were small. The KOC-SPME values
obtained under toxicity test conditions were used to estimate concentrations of freely dissolved pyrethroids in spiked sediment tests. Using this
approach, test endpoints expressed as organic carbon (OC) normalized sediment concentrations (µg/g OC) were converted to endpoints
expressed as estimated freely dissolved pore water concentrations (µg/L)
for use in risk assessment. Resulting pore water toxicity values for the
amphipod Hyalella azteca were comparable to those obtained with the
same species in water-only tests, consistent with the EqP model. This
research indicates the importance of using KOC values based on freely
dissolved concentrations measured under appropriate test conditions for
deriving sediment toxicity values for pyrethroids. Similar results would
be expected for other highly hydrophobic chemicals.
199 Development and application of freshwater sediment-quality
benchmarks for currently used pesticides based on spiked-sediment
toxicity data
L.H. Nowell, USGS / California Water Science Center; J.E. Norman,
USGS / Oregon Water Science Center; C.G. Ingersoll, USGS / Columbia
Environmental Research Center; P.W. Moran, USGS / Washington Water
Science Center
Several currently used pesticides are monitored by the US Geological
Survey (USGS) in stream sediments. To assess potential toxicity of these
pesticides to benthic organisms, three types of organic-carbon normalized freshwater sediment benchmarks for pesticides were developed by
using spiked-sediment toxicity data or (for compounds without spikedsediment data) equilibrium-partitioning. A High-Effect Benchmark
(HEB) defines a pesticide concentration above which there is a high
probability of adverse effects on benthic organisms; a Threshold Effect
Benchmark (TEB) defines a pesticide concentration below which adverse
effects on benthic organisms are unlikely; and a Low-Effect Benchmark
(LEB) is an intermediate benchmark equal to the lowest pesticide
concentration having adverse effects on benthic organisms from spikedsediment toxicity tests. Benchmarks were determined for 32 pesticides
by using spiked-sediment data, and an additional 91 pesticides by using
equilibrium partitioning. To characterize pesticide mixtures, each pesticide concentration can be divided by its benchmark, then benchmark
quotients summed for all pesticides detected in the sample by using an
additive model. The choice of which benchmark to use in a given analysis
depends on the objective. For example, the HEB is based on median
acute toxicity values—so it is a robust indicator of relative toxicity—but
toxicity may occur at pesticide concentrations below this benchmark.
In contrast, the LEB is more sensitive and may be better suited as a
screening-level indicator of pesticide effects. In an example application,
data for pesticides in sediment samples collected from 200 stream sites
in 2 USGS studies were evaluated by using these benchmarks. Results
were compared to measured toxicity from whole-sediment toxicity tests
conducted with the amphipod Hyalella azteca (28-d exposures) and the
midge Chironomus dilutus (10-d exposures). Only 2% of samples exceeded
any of the HEBs, but all these samples were toxic to amphipods. About
20% of sites with pesticide concentrations below all TEBs also were
toxic to amphipods, indicating that other factors besides the pesticides
measured may adversely affect benthic organisms at the sampled sites.
These benchmarks will be refined as additional spiked-sediment toxicity
data are generated, and further applications of these benchmarks should
contribute to a better understanding of pesticide bioavailability and
mixtures in sediments.
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200 Evaluation of sediment toxicity and risk assessment for benthic
organisms: A DDT case study
P.C. Fuchsman, E. Bizzotto, F. Colombo, Ramboll ENVIRON
Sediment quality benchmarks are intended to predict the likelihood
of sediment toxicity but often are derived in a manner that does not
necessarily reflect cause-effect, concentration-response relationships.
Therefore, although generic benchmarks can be considered useful for
screening purpose, care should be taken before using them to define the
need for remediation. Instead, as advised in several guidelines, the need
for remediation should be evaluated considering site-specific conditions and risk assessment. We present the approach adopted to evaluate
risks of sediment-associated DDT and metabolites (collectively DDx)
to benthic invertebrates considering several lines of evidence, including:
(1) site-specific toxicity studies and bioaccumulation tests performed
on field-collected sediments, (2) evaluation of site-specific ecological
conditions, (3) review of spiked sediment toxicity tests, as well as toxicity
testing and benthic invertebrate community assessments from major
DDT-contaminated sites, and (4) extrapolation of aquatic toxicity data
to sediment using the equilibrium partitioning approach. The results are
discussed as lines of evidence to support the decision-making process for
sediment management in a DDx-contaminated lake.
201 Bioavailability-based sediment risk assessment approach for
nickel
C.E. Schlekat, E.R. Garman, NiPERA; M. van Gheluwe, ARCHE; A.
Burton, Univ of Michigan / School of Natural Resources Environment; D.
Costello, Kent State Univ / Biological Sciences; B.G. Brumbaugh, USGS /
Columbia Environmental Research Center; J.M. Besser, USGS / Biological
Resources Division, Columbia Environmental Research Center; C.G.
Ingersoll, USGS / Columbia Environmental Research Center
A comprehensive laboratory and field sediment testing program was
conducted to generate scientifically based toxicity threshold values for
nickel in sediments and to develop integrated equilibrium-partitioning
based bioavailability models for assessing risks of nickel to benthic ecosystems. The sediment testing program involved laboratory testing, field
validation of laboratory findings, characterization of nickel behavior in
natural and laboratory conditions, and examination of solid phase nickel
speciation in sediments. The laboratory testing initiative included three
phases to satisfy the following objectives: 1) evaluate various methods
for spiking sediments with nickel to optimize the relevance of sediment
nickel exposures; 2) generate reliable ecotoxicity data by conducting standardized chronic ecotoxicity tests using ten benthic species (including
crustaceans, insects, molluscs, and oligochaetes) in sediments with low
and high nickel binding capacity; and, 3) examine sediment bioavailability relationships by conducting chronic ecotoxicity testing with a subset
of benthic species in sediments with broad ranges of parameters known
to influence Ni bioavailability and toxicity (including acid volatile sulfide
[AVS], organic carbon, and iron). A subset of six nickel-spiked sediments
was used in field tests to examine benthic colonization and community
effects. Laboratory sediment testing yielded an ecologically relevant
dataset that was used to develop a Species Sensitivity Distribution, a
reasonable worst case Predicted No-Effect Concentration for nickel
in sediment (RWC PNECsediment), and predictive bioavailability
models of nickel based on AVS. Results indicated that ecotoxicity data
from laboratory spiked sediments were protective of community level
effects observed in the field. A bioavailability-based tiered approach was
developed using the ecotoxicity data and bioavailability models generated
through the research program. Tier 1 compares ambient total recoverable
Ni (TR Ni) with the RWC PNECsediment, which was determined to
be 109 mg Ni/kg (dry weight). If TR Ni is greater than 109 mg Ni/kg,
site specific AVS is used to calculate a bioavailability normalized PNEC.
While it was developed to fulfil obligations for Europe’s Registration,
Evaluation, and Authorisation of Chemicals (EU REACH) regulation,
the principles and data within the tiered approach can be adapted to
other global regulatory initiatives.

202 Validation of a new standardized test method for the freshwater
amphipod Hyalella azteca: determining the chronic effects of silver in
sediment
L.N. Taylor, Environment Canada / Ecotoxicology and Wildlife Health
Division; L.J. Novak, M. Rendas, P.M. Antunes, AquaTox Testing &
Consulting Inc; R.P. Scroggins, Environment Canada / Biological Methods
Environment Canada (EC) has been developing a method that includes
a reproductive test endpoint as a complement to the existing 14 day
standardized survival and growth test for Hyalella azteca (EPS 1/RM/33;
EC 2013). The new methodology eliminates the potential for depuration
and loss of sensitivity by conducting the entire exposure in sediment; in
contrast to existing standardized methods (e.g., USEPA, ASTM) where
adults are transferred to a water-only exposure before release of their first
brood at Day 28. Critical to the continuous sediment exposure method,
procedures for the recovery of small amphipods from sediment after
42-d have been successfully developed and verified as demonstrated by
acceptable variability and power analysis. Over the last two years, “proof
of concept” experiments with the new continuous sediment exposure test
method were successfully conducted using: 1) clean field-collected sediments considered ideal (i.e., containing a higher proportion of sand) and
a more difficult sediment (i.e., with higher organic matter content, and
2) a field-collected contaminated sediment. In the latter experiments,
test sensitivity was investigated by comparing results of the draft EC 42
day reproduction test, the 42 day USEPA/ASTM reproduction test, and
the 14 day EC (EPS 1/RM/33) survival and growth test. This year, the
validation efforts with H. azteca were extended to include a clean fieldcollected sediment amended with AgNO3 and aged prior to organism
exposure. In addition to measuring total and dissolved Ag in the bulk
sediment and overlying water, Ag speciation (including Ag precipitation)
was estimated using Visual MINTEQ (version 3.0). Biological measurements at test end included the number of surviving adults (for both male
and female), adult dry weight, number of progeny, and total Ag body
burden. The test was evaluated based on its ability to meet proposed
control validity criteria, which included minimum % survival, mean final
dry weight per adult, growth (increase in weight), and mean number of
young per female. The performance of the 14 day range-finder and 42
day definitive test methodologies will be presented.
203 The Use of Mesocosms to Assess Contaminant Effects on Benthic
Communities
M.H. Fulton, NOAA / National Ocean Service NCCOS CCEHBR;
L. Balthis, NOAA; A.C. Bejarano, Univ of South Carolina / Dept of
Environmental Health Sciences; K.W. Chung, C. Cooksey, M.E. DeLorenzo,
J. Hyland, P.B. Key, P.L. Pennington, E. Wirth, NOAA / National Ocean
Service NCCOS CCEHBR
Mesocosms are versatile test systems that can examine both structural
and functional components of aquatic ecosystems. Since the late 1990s,
researchers at NOAA’s National Centers for Coastal Ocean Science
laboratory, Charleston, South Carolina, have used mesocosms to evaluate
the fate and effects of individual chemical contaminants and mixtures in
a simulated salt marsh ecosystem. Many of these studies have assessed
impacts to the benthic community. This presentation will highlight three
case studies. In the first study the effects of the herbicide, atrazine, on
the meiobenthos were assessed. The atrazine concentration tested was
selected to approximate the proposed saltwater water quality criterion (26
ppb). In the second, sediments in mesocosms were spiked with a mixture
of contaminants including copper, DDT, and pyrene. Contaminant concentrations were selected to yield nominal mean ERM-quotient values
ranging from low (0.1 mERMQ ) to high (1.0 mERMQ ). Finally, the
effects of a simulated crude oil spill with and without chemical dispersants (Corexit 9500, Finasol) were assessed in various components of
the estuarine benthic community (juvenile clams, polychaetes, amphipods). Results from the atrazine test showed that copepod densities were
reduced by 70% in the atrazine treatment. Nematode densities in the
atrazine mesocosms were not different from controls; however, the nematode to copepod ratio was significantly higher in the atrazine treatments.
In the contaminant mixture (DDT, copper, pyrene) study, measures
of benthic condition (diversity, species richness) were reduced relative
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to the controls in both the low and high treatments after one month,
and this reduction persisted in the high treatment after three months.
Preliminary results from the simulated oil spill showed that after 30 h,
total PAH concentrations in sediments were 10.1, 7.8, and 10.2 ppm dry
weight in the oil-only, oil+corexit, and oil+finasol treatments, respectively. At 7 d, survival was reduced in both amphipods and polychaetes
in both of the dispersed oil treatments. Survival in the oil-only treatment
was not different from the control. At 14 d, survival in juvenile clams was
significantly depressed in the oil-only and both oil+dispersant treatments. The results of these studies highlight the utility of mesocosms to
assess benthic community effects of a wide range of contaminants under
various exposure scenarios.
204 The effects of kaolin clay on the amphipod Eohaustorius estuarius
B.M. Phillips, B.S. Anderson, Univ of California Davis / Environmental
Toxicology; J.P. Voorhees, Univ of California Davis / MPSL Environmental
Toxicology; R.S. Tjeerdema, Univ of California - Davis / Environmental
Toxicology
Sediment toxicity studies in the San Francisco Estuary have shown that
the clay component of sediment negatively correlates with amphipod
(Eohaustorius estuarius) survival in 10 day toxicity tests. Because kaolin is
the dominant clay type in San Francisco Estuary sediments, the current
study was designed to investigate the effects of kaolin clay on amphipod survival. Reference sand was spiked with increasing concentrations
of kaolin to determine if there was a dose-based relationship between
amphipod mortality and clay concentration. A range finder experiment
was conducted with a standard batch of wild-caught E. estuarius representing the mixture of amphipod size classes typically provided by the
organism supplier. No dose response was observed in the range finder,
although amphipod survival was lower than the control and highly variable in all clay treatments. Reasoning that variable response to clay was
related to variable tolerances by different sized amphipods, a followup experiment was conducted using amphipods separated into small,
medium and large size classes exposed to 100% kaolin. Survival of the
large amphipods was significantly lower than the control. Two additional
experiments were conducted using size-sorted amphipods exposed to a
range of clay concentrations. The results of these experiments showed that
smaller amphipods tolerated high clay concentrations better than larger
animals, but neither experiment had strict monotonic dose-response
relationships. Grain size analysis of the sand-spiked clay suggested that
the clay tended to flocculate in the treatments above 70% kaolin, and this
effect may have obscured the dose response. Despite these inconsistencies,
the results of these experiments suggest that tolerance of E. estuarius to
clay varies with amphipod size. Possible mechanisms for size specific clay
effects on this amphipod species include lower survival related to reduced
energy reserves in larger animals, inhibition of gill function, and inhibition of feeding and locomotion through clogging of amphipod setae. The
results suggest that use of smaller amphipods in routine monitoring of
high clay sediments will reduce the influence of this factor on test results.
Additional experiments with high clay reference site sediments from
the San Francisco Estuary are recommended to confirm the size related
response with field sediments.

Antibiotics in the Environment: Ecological
Effects, Antibiotic Resistance Development
and Implications for Human Health
205 Antibiotics emission in the river basins of China and their linkage
to bacterial resistance
G. Ying, Chinese Academy of Sciences / State Key Laboratory of Organic
Geochemistry
Antibiotics are widely used in humans and animals, but there is a big
concern about their negative impacts on ecosystem and human health
after use. So far there is a lack of information on emission inventory
and environmental fate of antibiotics in China. We studied national
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consumption, emissions and multimedia fate of 36 frequently detected
antibiotics in China by market survey, data analysis and level III fugacity
modeling tools. Based on our survey, the total usage for the 36 chemical was 92700 tons in 2013, an estimated 54000 tons of the antibiotics
was excreted by human and animals, and eventually 53800 tons of them
entered into the receiving environment following various wastewater
treatments. The fugacity model successfully predicted environmental
concentrations (PECs) in all 58 river basins of China, which are comparable to the reported measured environmental concentrations (MECs)
available in some basins. The bacterial resistance rates in the hospitals
and aquatic environments were found to be related to the PECs and
antibiotic usages, especially for those antibiotics used in the most recent
period. This is the first comprehensive study which demonstrates an
alarming usage and emission of various antibiotics in China.
206 Modeling the emergence of antibiotic resistance in the environment: An analytical solution for the minimum selection concentration
B. Greenfield, Univ of California, Berkeley / Environmental Health Sciences;
S. Reed, Univ of Michigan Ann Arbor / Environmental Health Sciences;
S. Shaked, C.F. Marrs, Univ of Michigan Ann Arbor / Epidemiology; P.
Nelson, Univ of Michigan Ann Arbor / Environmental Health Sciences;
I. Raxter, Univ of Michigan Ann Arbor / Mathematics; C. Xi, Univ of
Michigan Ann Arbor / Environmental Health Sciences; T.E. McKone, Univ
of California Berkeley / Environmental Health Sciences; O. Jolliet, Univ of
Michigan / Environmental Health Sciences
Identifying the factors responsible for the emergence, transmission and
maintenance of antibiotic resistance is imperative for the development
of policies that effectively protect human health. Especially needed are
methods to predict the environmental antibiotic concentrations that
select for resistant bacteria. The Minimum Inhibitory Concentration
(MIC), the measured antibiotic concentration at which a susceptible
bacterial strain is no longer able to grow, is routinely measured in clinical laboratories, and thus a potential empirical data source from which
to develop environmental effects concentration thresholds. However,
previous laboratory research has demonstrated that resistant bacteria can
be selected for at concentrations orders of magnitude below the MIC,
such that direct use of the MIC would underestimate risk of resistance
onset. We developed a simple mechanistic model for the relationship
between the MIC and the minimum selection concentration (MSC), the
lowest level of antibiotic at which resistant bacteria would be selected.
The model describes the competition between a sensitive and a resistant
bacterial strains and is calibrated by optimizing the shape of the bacterial response curve to an antibiotic (the Hill coefficient, κ) for the two
strains. Model output was compared to published experimental data to
determine if the model could predict MSC based on MIC and measured
growth versus antibiotic dose response curves. The model fit empirical
data well (0.82 ≤ R2 ≤ 0.99) for five antibiotic and bacteria combinations
for which the MSC was less than ¼ the susceptible strain MIC. In two
cases where the MSC was within ¼ of the susceptible MIC, the model
fit poorly due to inability to replicate a step-function in the growth rate
difference. The model was sensitive to the shape of the bacterial response
curve to antibiotic concentration (κ) and the selection coefficient (sc),
suggesting that antibiotic mode of action may affect environmental risk.
Employing this model with empirical antibiotic growth curve data, it
may be possible to predict environmental antibiotic concentrations at
which resistant strains will be selected for. This could be incorporated
into risk assessment models for specific environmental conditions,
enabling us to forecast high risk conditions for dissemination of antibiotic resistance.
207 Occurrence and abundance of antibiotics and resistance genes in
drinking water sources in East China
C. Cui, State Environmental Protection Key Laboratory of Environmental
Risk Assessment and Control on Chemical Process School of Pharmacy
The widespread overuse and misuse of antibiotics in human medical or
agricultural settings has been a major driving force behind the increasing
occurrence of antibiotic resistance genes (ARGs), and the evolution of
multidrug resistance bacteria, which have caused increasing concern in
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China. Previous studies showed the presence of antibiotics and ARGs in
municipal wastewater, hospital wastewater and surface water. However,
there have been relatively few studies the abundance and distribution of
antibiotics and resistance genes in drinking water sources. The purpose
of this study was to quantify antibiotics and ARGs in drinking water
sources in East China by HPLC-MS/MS and quantitative real-time
PCR(QPCR), respectively. Quantitative risk assessment in water samples
were performed by the Monte Carlo method. Thirteen of the 14 antibiotics targeted were detected in water samples, while chloramphenicol was
not detected in any water sample. The total concentrations of all detected
antibiotics were 37.13-738.68 ng L-1. Sulfonamides were detected with
the highest frequencies. Concentrations of norfloxacin at different seasons were the highest among all the 14 antibiotics, with the maximum up
to 167.55 ng L-1. Human health risk by antibiotic residues was caused by
orders of magnitude in the 10-8-10-3, which will not produce significant
hazards to human health. Three sulfonamide ARGs (sul1, sul2, and sul3),
three beta-lactams (blaTEM-1, blaOXA-1, blaOXA-2), two quinolones
(qepA, qnrS), three tetracyclines (tet(A), tet(M), tet(W)), two aminoglycosides (strA, strB),one macrolides (erm(B)), and mobile elements (int1)
were detected by QPCR. Sulfonamides resistance genes were the predominant presence in drinking water source (water samples ranging from
103-105 copy/mL, sediment samples ranging from 107-108 copy/mL).
Abundance of all ARGs was approximately 300-5000 times higher in
sediments than that in water samples. ARGs in winter were higher than
that in summer that was likely due to hydrological conditions, which was
similarly to the detected antibiotics. Generally consistent relations were
observed between sul1, sul2, blaOXA-1, blaOXA-2 and int1 (gene copies
per 16S rRNA), indicating that class 1 integrons may contribute to the
propagation of ARGs. Overall, the distribution of antibiotics and ARGs
in drinking water sources underscores the need to better understand
their removal during drinking water treatment and the associated risks to
public health.
208 Hazards Posed by Antibiotics and Antibiotic Resistance in
Coastal Ecosystems
G.I. Scott, Univ of South Carolina / Env Health Sciences; S. Norman, D.E.
Porter, Univ of South Carolina / Arnold School of Public Health Dept of Env
Health Sciences; T. Chandler, Univ of South Carolina / Arnold School of
Public Health; J. Moore, P.L. Pennington, M.H. Fulton, E. Wirth, NOAA
/ NOS NCCOS CCEHBR; M.I. Uyaguari Diaz, Univ of British Columbia
/ Dept of Pathobiology and Laboratory Medicine; K.A. Maruya, SCCWRP;
S. Weisberg, Southern California Coastal Water Research Project
Aquatic monitoring programs have long measured legacy contaminants such as DDT and PCBs, but are increasingly being asked to
focus on modern chemicals or Contaminants of Emerging Concern
(CECs). CECs present many challenges, often because measurement
methods don’t yet exist nor have toxicological studies yet been conducted to place monitoring results in proper context. This challenge
is exacerbated because many CECs interact with metabolic pathways
to produce adverse outcomes in wildlife and aquatic life that are not
assessed through traditional toxicological evaluations. Antibiotics are
a major class of CECs that pose significant environmental risks which
may lead to the development of both toxic effects at high doses as well as
development of antibiotic resistance at doses well below the Minimum
Inhibitory Concentration which cause toxicity in bacteria. National
monitoring programs have measured detectable levels of antibiotics in
48% of 139 US surface waters tested, indicating the widespread nature
of the use and discharge of these compounds in the environment. The
spread of antimicrobial resistance has generally been attributed to the
use of antibiotics in medicine for people and livestock which may result
in environmental discharges from waste treatment plants (WWTPs),
confined farm animal operations (CAFOs), and aquaculture practices.
The objective of this study was to assess the potential hazards posed by
antibiotics in the environment. Concentrations of antibiotics in WWTP
effluent and surface waters were monitored along with Antibiotic
Resistance(ABR) (levels of ABR and the BLAm-1 gene) in E. coli and
Vibrio bacteria at several locations around the US (SC, MD, CA).
Monitoring results found the presence of several antibiotics in effluent

and surface waters of the US, including triclosan and tetracycline that
posed significant environmental risks at WWTPs and aquaculture
operations, respectively. High rates of antibiotic resistance in E. coli bacteria (5-22 %) were found in WWTPS and CAFOs. The BLAm-1 gene
was found to survive chlorination in WWTPs, was discharged into the
marine environment and accumulated in sediments at levels > 1000 times
found in WWTP effluent, where it may pose a hazard for gene transfer
to other microbial species such as Vibrio bacteria, which had very high
levels of ABR. Risk assessment methods for assessing the potential for
development of antibiotic resistance will also be discussed.
209 Fate and distribution of ARGs under the selective pressure of sublethal level of heavy metals on the river catchment scale
Y. Luo, College of Environmental Sciences and Engineering Ministry
of Education Key Laboratory of Pollution Processes and Environmental
Criteria; Y. Xu, Nankai Univ; D. Mao, Tianjin university
Our previous study have found high levels of antibiotic resistance genes
(ARGs) in the Haihe River as a direct result of the excessive use of antibiotics in animal agriculture. However, in this investigated Xiangjiang
River which was much lower with antibiotic residues than that of the
Haihe River, the relative abundance of 16 detected ARGs (sul1, sul2 and
sul3, tetA, tetB, tetW, tetM, tetQ and tetO, qepA, qnrA, qnrB, qnrD
and qnrS, ermB and ermC) were as high as that of the Haihe River (up
to 9.47×10-3 ARGs/16S rRNA for the water and 1.79×10-2 ARGs/16S
rRNA copies/g dw for the sediment), especially in the downstream of
Xiangjiang River which is closely related to the extensively anthropic
activities with metal mining. The ARGs released from the pharmaceutical wastewater treatment plant (PWWTP) is a major source of ARG in
the upstream of Xiangjiang River. In contrast, in the downstream, rather
than source release, selective stress exerted by heavy metals significantly
influenced the distinct distribution pattern of ARGs. The positive correlation between some heavy metals and certain ARG subtypes were
observed. Additionally, individual ARG subtypes are correlated with
heavy metal resistance genes, suggesting that heavy metals act as the
stressors co-selected the ARGs in the same plasmid of antibiotic resistant
bacteria. The evidence from isolations encoding the resistance genotype
to antibiotic and metal further confirmed the co-selection mechanism
of specific metal and antibiotic resistance. To our knowledge, this is
the first study on the fate and distribution of ARGs under the selective
pressure of heavy metals on the river catchment scale. These results are
significant to understand the fate, and to discern the contribution of
ARGs from either the source release or dissemination under the selection
of sub-lethal levels of environmental stressors during their transport on a
river catchment scale.
210 Expression patterns of sul genes in typical sulfonamide-resistant
bacteria from manured soils in Jiangsu Province, China
N. Wang, F. Ge, Nanjing Inst of Environmental Science, Ministry of
Environmental Protection of China
Nowadays, antibiotics are widely used in livestock farms for growth
promotion and disease treatment or prevention. The antibiotics in soil,
from the land application of antibiotic-polluted manure, had a significant
effect on the antibiotic-resistant bacteria (ARB) promotion and selection. We investigated the prevalence, abundance, and distribution of
22 antibiotic resistance genes (ARGs) (tetA, tetC, tetE, tetG, tetM, tetO,
tetQ, tetT, tetW, sul1, sul2, sul3, oqxB, qnrS, qnrD, ermB, ermC, aph, aadD,
aac, acrA and acrB) in manured soils from 12 livestock farms in Jiangsu
Province of China. The results showed that sul2 and sul1 were the most
abundant with the average concentration of 2.62 copies/16S rRNA
and 1.57 copies/16S rRNA, respectively. Then we isolated sulfonamide
resistant (SR) bacteria in the soils by viable plate counts method and
identified SR bacteria through 16S rRNA sequencing. We found that
Bacillus was the most prevalent genus in all soil samples with a frequency of 43.88%, followed by Pseudomonas and Shigella (11.39% and
8.02%, respectively). We selected 2 typical SR bacteria (Bacillus anthracis
SYN201, G+ and Shigella flexneri NJJN802, G-) to study the expression
variation of sul1, sul2 and sul3 gene in them exposed to SDZ solutions
after different cultivating time. It was found that the mRNA levels
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of sul in strain SYN201 and NJJN802 reached climax at 72h and 36h
respectively regardless of SDZ exposure, whereas they did not express,
or express at a relatively low level at another time points. Compared with
the group without SDZ, the relative expression of sul1, sul2 and sul3 in
strain SYN201 exposed to 1024 µg/ml SDZ increased as 1943, 1236 and
225 times, and that in NJJN802 increased as 421, 115 and 25 times at
the climax time. Based on the result, we investigated the expression levels of sul gene in strain SYN201 and NJJN802 under different exposed
SDZ concentrations (0, 2, 8, 16, 32, 64 and 1024µg/ml), which were
cultured for 72h and 36h, respectively. A significant linear correlation
between SDZ exposure concentration and sul expression level was found
through Pearson correlation analysis. Therefore, it was illustrated that
the expression time of sul gene in typical SR strains were not influenced
by SDZ exposure, however, SDZ exposure can improve the expression
level of resistance gene in the strains as linear correlation.
211 Antimicrobial susceptibility and mitigation upon triclosan exposure in wastewater-associated stream periphyton communities
K.E. Trowbridge, A.E. Hershey, Univ of North Carolina at Greensboro /
Dept of Biology
Triclosan is a broad-spectrum antimicrobial agent in consumer products
which is detectable in most human and environmental samples. Its nearly
ubiquitous presence poses health risks including hormone disruption
and increasing occurrence of drug-resistant bacteria. Antimicrobial
susceptibility of environmental bacterial populations, as well as ecosystem services of periphyton, may be affected by triclosan’s presence in
streams. Effects of sub-inhibitory concentrations of anti-microbials on
environmental bacteria are not well understood. Acquired resistance
to triclosan and associated cross-resistance to various antibiotics has
been observed in clinical bacterial isolates. If development of acquired
resistance in environmental bacteria also occurs through exposure to
sub-inhibitory triclosan concentrations in streams or wastewater treatment plants (WWTPs), it could pose a human health risk. Mitigation
of triclosan by stream periphyton removing it from the water column
may be important for protection of environmental and human health.
The goal of the study is to evaluate responses of stream periphyton to
chronic, environmentally-relevant triclosan exposure and relate these
responses to antimicrobial resistance and ecosystem services. Responses
to 10 ppb triclosan exposure were investigated, comparing periphyton
from a WWTP-associated stream and a forested reference stream.
Susceptibilities of stream bacterial isolates to triclosan and several
antibiotics were evaluated after varying times of exposure in microcosms.
Ability of stream periphyton to mitigate triclosan was also assessed
through microcosm exposures and through UPLC-MS analysis of triclosan levels in water and periphyton along downstream gradients in the
WWTP-associated and reference streams. Prior to exposure, WWTPassociated stream bacteria were hypothesized to exhibit susceptibility to
triclosan to a lower degree than reference-stream bacteria. Measured susceptibilities supported this hypothesis and also agreed with predictions
that exposed periphyton bacteria from the reference stream would show
decreased susceptibility (compared to unexposed isolates) to a greater
degree than WWTP-associated periphyton. Periphyton was hypothesized to mitigate triclosan in streams along a gradient downstream of
WWTPs and in water samples over time in microcosms and preliminary
data supports this hypothesis.
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Deepwater Horizon Oil Spill – Five Years
Later – Part 1
212 Discovery of Biotic and Abiotic Transformation Products from
the Deepwater Horizon Oil Spill by Ultra-High Resolution FT-ICR
Mass Spectrometry
R.P. Rodgers, National High Magnetic Field Lab / FTICR Facility; S.M.
Rowland, Florida State Univ / The Future Fuels Inst; H. Chen, National
High Magnetic Field Lab / FTICR Facility; Y.E. Corilo, Florida State
Univ / The Future Fuels Inst; A.M. McKenna, National High Magnetic
Field Lab / FTICR Facility; A.C. Clingenpeel, Florida State Univ / Dept of
Chemistry and Biochemistry; J. Lu, J.C. Putman, Florida State Univ / The
Future Fuels Inst; L.C. Krajewski, Florida State Univ / Dept of Chemistry
and Biochemistry; D.C. Podgorski, Florida State Univ / The Future Fuels
Inst
Biotic and abiotically driven chemical transformation of petrogenic
carbon in the environment yields an incredible complex mixture of
products that can dramatically alter their initial chemical functionalities.
The chemical alterations affect toxicity, solubility, tendency of emulsion/
mousse formation, aggregation, and ultimately, bioavailability. However,
molecular level, qualitative understanding of the (predominately) oxidative weathering process is hampered by the immense complexity of the
unaltered oil and multiplicative increase in complexity post-oxidation.
Furthermore, a large fraction of the unaltered oil that was initially
accessible by GC-based analytical-methods is chemically transformed to
species that preclude GC analyses. Thus, the petrogenic transformation
products and their potential to form undesirable future contaminants
remain unknown. However, recent advances in analytical methodology and instrumentation now allow an unprecedented, molecular-level
insight into these complex systems. Modern ionization methods facilitate
selective ionization of components based coarsely on chemical functionality, which reveals neutral, acidic, basic, and aromatic contributions to
the pool of petrogenic transformation products at the molecular level.
The detailed compositional analysis of oil-impacted areas along the Gulf
of Mexico coast over the past 4 years revealed tens-of-thousands of previously unidentified biotic and abiotic transformation products that have
persisted to date. Advanced analytical characterization of the parent
Macondo crude oil, combined with microcosm studies to decouple biotic
and abiotic transformation mechanisms, yields unprecedented insight
into the structural motifs, and transformation chemistry that account
for the species identified in field samples. Here, we highlight our efforts
to characterize oxidized transformation products, identify their oxygen
functionalities, and demonstrate how they affect physical/chemical
behavior of the chemically transformed oil. We compare Deepwater
Horizon results with data collected for three other oil spills to highlight
oil composition, and environment dependence on the types of weathering products observed. Work supported by NSF Division of Materials
Research through DMR-11-57490, BP/The Gulf of Mexico Research
Initiative to the Deep-C Consortium, and the State of Florida.
213 Evaluating the Endocrine Disrupting Potential of Crude Oil and
Dispersant via Transactivation Assay Screening
A. Temkin, Medical Univ of South Carolina / Marine Biomedicine and
Environmental Studies; R. Bowers, D. Spyropoulos, Medical Univ of South
Carolina / Pathology Laboratory Medicine
Several environmental contaminants have been identified as endocrine
disrupting chemicals (EDCs), including many plasticizers, pesticides and
flame-retardants. Endocrine disrupting chemicals are compounds that
interfere with normal endocrine signaling in humans as well as wildlife populations with exposure often contributing to the development
of reproductive and metabolic disorders. There are many mechanisms
by which these compounds can act of which the most well studied is
through interactions with nuclear receptor signaling and gene transcription. Identifying potential EDCs and the receptors they may interact
with is of the utmost importance for public and environmental health.
The Deepwater Horizon oil spill and use of COREXIT dispersant
during the remediation released 200 and 1.8 million gallons of each
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respectively into the Gulf of Mexico. While the toxicity and acute effects
of the oil spill have been assessed for several species, long-term impact
via endocrine disruption has not been thoroughly explored. We sought
to test water accommodated fractions (WAF) of oil, COREXIT water
accommodated fractions (CWAF) and COREXIT only mixtures for
endocrine disrupting potential via transactivation assay screening of
several nuclear receptors including estrogen receptors alpha and beta
(ERa and ERb), retinoid X receptor alpha (RXRa), thyroid hormone
receptor alpha and beta (TRa and TRb) as well as glucocorticoid receptor
(GR). Previous work in our lab has identified dioctyl sodium sulfosuccinate (DOSS), a major dispersant component, as a PPARg ligand and
putative obesogen, a class of EDC correlation with fat cell differentiation
and the development of obesity. Current results indicate components of
oil as estrogenic displaying significant dose response activation of both
estrogen receptors. Dispersed oil and COREXIT only fractions display
RXRa activation with current work identifying individual components
as potential ligands. TR and GR transactivation assays are on going.
Identification of EDCs present in oil and dispersant will help predict
adverse health effects in the event of future oil spills and similarly can
advise the development of novel, safer dispersants.
214 Investigating the immunosuppressive effects of exposure to
Deepwater Horizon oil on northern Gulf of Mexico fish
N. Ortell, Univ of Southern Mississippi / Coastal Sciences; K.M. Bayha,
USEPA / American Association for the Advancement of Science; C. Ryan,
R. Takeshita; G.D. Mayer, Texas Tech Univ / Dept of Environmental
Toxicology; R.J. Griffitt, Univ of Southern Mississippi / Coastal Sciences
Exposure to hydrocarbons has been shown to alter immune function
in exposed fish. To understand the ecotoxicological impacts of the
Deepwater Horizon oil spill on Gulf of Mexico fishes, we characterized
changes in immune response, global transcriptional profiles, and the
microbiome of Southern flounder through a series of controlled laboratory exposures. Flounder were exposed to different concentrations of
oil-contaminated sediment, challenged with a known pathogen, Vibrio
anguillarum, and responses assessed at several levels. These exposures
revealed a consistent pattern of effect, including down-regulation of
Immunoglobulin M (IgM), the primary fish antibody, and beta-hemoglobin. The oil-induced immune suppression increased the susceptibility
of infection by V. anguillarum, leading to increased mortality. Further,
the microbial community structure from fish, water and sediment was
investigated through high throughput 16S sequencing, and showed a
significant shift in the microbial communities of exposed fish. Global
transcriptome profiling of livers was also performed, this analysis is
pending. Ultimately, Deepwater Horizon oil exposure weakened the
immune system of all fishes through the suppression of important antibodies and shifts in the microbiome. Increased susceptibility to infectious
agents may have long-lasting negative effects on the fitness and fecundity
of economically important fishes in the northern Gulf of Mexico.
215 Analysis of Corexit® 9500 dispersant biodegradation in seawater
using high resolution mass spectrometry
S. Choyke, Duke Univ / Environment; L. Ferguson, Pratt School of
Engineering / Dept of Civil and Environmental Engineering
During the Deepwater Horizon oil spill, approximately 771,000 gallons
of chemical dispersants were used on surface slicks and at the wellhead
to mitigate the impact of crude oil on sensitive coastal ecosystems.
Although the use of dispersants at the site is generally regarded as
successful, there is still limited information concerning the biotransformation kinetics of Corexit® 9500 in seawater or the products that may
have been formed by such transformation. Corexit® 9500 is a mixture
of hydrocarbon solvents, dioctyl sodium sulfosuccinate (DOSS), an
anionic surfactant, and sorbitan monoester and sorbitan polyethoxylate mono- and tri-esters, nonionic surfactants. However, during our
analysis of Corexit®, sorbitan polyethoxylate diester as well as, isosorbide polyethoxylate mono- and di-esters were also detected. To study
biotransformation, we spiked Corexit® (100 mg/L) into coastal seawater
in aerobic batch reaction flasks. We used liquid chromatography with
high-resolution mass spectrometry and tandem mass spectrometry to

characterize and identify the components and transformation products
of Corexit® using high mass accuracy and fragmentation analysis. In
addition, a charged aerosol detector (CAD) was used for quantifying
components over the course of the experiment. We observed de-esterification of the sorbitan and isosorbide polyethoxylate esters during the
first 24 hours of the experiment. In contrast, sorbitan and isosorbide
polyethoxylates persisted throughout the experiment. The DOSS component remained stable over the initial 15 days of the experiment, before
decreasing in concentration by 60% over 10 days. Overall, our identification of Corexit®9500 transformation products will lead to a better
understanding of the fate, transport, and persistence of this dispersant
in marine environments, ultimately informing use of these materials in
mitigation of future oil spills.
216 Characterization of oil and water-accommodated fractions used to
conduct toxicity testing for the Deepwater Horizon Natural Resource
Damage Assessment
H.P. Forth; J.M. Morris, Stratus Consulting; C.L. Mitchelmore, Univ of
Maryland / Chesapeake Biological Laboratory
The April 2010 blowout of the Deepwater Horizon (DWH) released
millions of barrels of crude oil 80 kilometers off the coast of Louisiana.
As part of the subsequent Natural Resource Damage Assessment
(NRDA), we implemented a laboratory testing program to evaluate
the toxicity of DWH oil and oil/dispersant mixtures to aquatic organisms of the Gulf of Mexico. Due to the variety of exposures that likely
occurred during and after the spill, the testing program included four
DWH oils, which encompassed a range of oil weathering states, and
three different oil-in-water mixing methods, for a total of 12 different
water-accommodated fractions (WAFs). To better understand exposure
chemistry across the toxicity testing program, we examined the effect of
various WAF preparation parameters – including mixing energy, starting
oil composition, and oil-to-water mixing ratios – on the chemical profiles
and the final concentrations of these 12 WAFs. Our results showed that
both the degree of oil weathering and the mixing energy played a role in
determining polycyclic aromatic hydrocarbon (PAH) composition and
concentration in each WAF. In addition, we describe the dissolved and
particulate phases and the associated droplet sizes for each WAF preparation/oil type combination, including assessing how these parameters
change over time. Ultimately, the detailed chemical characterization
presented can aid in the analysis and interpretation of several hundred
aquatic toxicity tests performed as part of the DWH NRDA toxicity
testing program.
217 Combined effects of Deepwater Horizon crude oil exposure,
temperature and developmental stage on oxygen consumption of
embryonic and larval mahi-mahi
C. Pasparakis, Rosenstiel School of Marine Sciences / Marine Biology and
Fisheries; M. Grosell, Univ of Miami / Dept of Marine Biology and Ecology
The timing and location of the 2010 Deepwater Horizon (DWH)
incident within the Gulf of Mexico pelagic zone likely resulted in
exposure of commercially and ecologically important fish species, such
as mahi-mahi (Coryphaena hippurus) during the sensitive early life
stages. Aside from the acute mortality of such fish elicited by this event,
additional sublethal exposures may have also imparted more subtle yet
ecologically significant effects that impaired survival due to reduced
physiological fitness. Previous research has shown that oil exposure during the embryonic stage of large predatory pelagic fish reduces cardiac
function – a particularly important trait for fast-swimming predators
with high aerobic demands. However, it is unclear whether reductions
in cardiac function translate into impacts on oxygen consumption in
these developing embryos and larvae. A 24-channel optical fluorescence
oxygen sensing system for high through-put respiration measurements
will be used to investigate the individual and combined effects of oil
exposure, temperature and developmental stage on oxygen consumption rates in embryonic and larval mahi-mahi. Preliminary data suggests
significant effects of developmental stage and incubation temperature on
embryonic oxygen consumption rates, with a 3-fold increase in oxygen
consumption from 19 to 28oC water and over a 2-fold increase in oxygen
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consumption between day 1 (0-24h) and day 2 (24-48h) post fertilization
mahi embryos. In addition to metabolic rate measurements, excretion
of ammonia and urea will be measured to explore how oil, temperature
and developmental stage affect nitrogenous waste excretion, which is
assumed to be under cardiovascular control.
218 Characterization of the various sediment exposure techniques
used during toxicity testing in support of the Deepwater Horizon
NRDA
M. Krasnec, Stratus Consulting Inc. Abt Associates; N. Brown-Peterson, The
Univ of Southern Mississippi; A.S. Gantner, R. Ogle, Pacific EcoRisk; R.J.
Griffitt, Univ of Southern Mississippi / Coastal Sciences; C. Lay, Stratus
Consulting - Abt Associates; J. Lipton, Stratus Consulting, Inc.; J.M. Morris,
Stratus Consulting
In support of the Deepwater Horizon (DWH) Natural Resource
Damage Assessment, we conducted numerous laboratory tests to evaluate the toxicity of DWH-oil contaminated sediments to eight different
species of organisms found in the Gulf of Mexico. During this sediment
toxicity testing program we tested various preparations of contaminated
sediment: (1) direct exposure to contaminated sediment collected from
areas that were directly exposed with oil during the spill, (2) direct
exposure to reference sediments that we spiked with DWH oil in the
laboratory, (3) indirect exposure to sediments that we spiked with DWH
oil in the laboratory, and (4) exposures to oil/sediment slurries. These
methods varied depending on the species that we tested. We describe
the physical and chemical characterization of the sediments used during
the toxicity testing program , including grain size analysis, total organic
content, relative weathering state of the oil and PAH composition, loading rates and concentrations. We measured a suite of 50 PAHs (tPAH50)
for each sediment, and found that the tPAH50 concentrations and the
composition of the laboratory prepared sediments were comparable to
field-collected contaminated sediments. Chemical analyses of the seawater overlying the oiled sediments revealed that PAHs found in the water
were likely due to finely suspended sediments in the water column. We
also conducted an extensive series of 10-day sediment toxicity tests with
the amphipod Leptocheirus plumulosus and found that DWH oil is toxic
to amphipods, and that LC50 values varied depending on sediment and
oil types. The results from our sediment characterization work and toxicity testing provide key information for on-going and future tests using
DWH-oiled sediments.
219 Effects of Deepwater Horizon Oil on the Migration and Survival
of Marsh Periwinkle Snails (Littoraria irrorata)
R. Garner, Univ of North Texas / Biology; M.A. Hart, Auburn Univ; J.M.
Morris, Stratus Consulting; J.A. Stoeckel, Auburn Univ; A.P. Roberts, Univ
of North Texas / Dept of Biological Sciences Inst of Applied Science
The Deepwater Horizon (DWH) oil spill resulted in the release of
millions of barrels of oil into the Gulf of Mexico. Some coastal marsh
shorelines experienced heavy oiling. Marsh periwinkle snails (Littoraria
irrorata) are critical components of salt marsh food webs and serve as
a link between primary and secondary production through fungiculture activities. This study determined the effects of oil on periwinkle
migration and survivorship following exposure to oiled marsh grasses.
Snails were placed in chambers (55cm x 33cm x 16cm) containing either
oiled or unoiled Spartina stems laid horizontally to represent a heavily
impacted marsh habitat. At one end (23 cm away), standing (vertical),
unoiled Spartina was anchored in sand as refuge habitat. Snails were
placed into the center of the horizontal vegetation, and movement into
clean vertical grass was tracked for both oiled and unoiled chambers over
a period of three days. Snail movement across horizontal Spartina stems
was significantly lower in oiled chambers compared to unoiled chambers,
as the majority (~75%) of snails in oiled habitats never reached standing
vegetation. A toxicity test was then conducted by exposing snails to oil
coated Spartina stems in chambers (15cm x 15cm x 4.5cm) for periods of
0, 1, 2, 4, 8, 16, 32, and 72 hours. At the end of each exposure period,
snails were removed from the exposure chamber, moved to a clean chamber, and monitored for mortality for seven days. Snail survival decreased
with increasing exposure time, and significant mortality (~35%) was
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observed following an oil exposure of less than one day. In these tests,
oil impeded snail movement to clean habitat over a short distance and
resulted in oil-exposure times that decreased survival. Taken together,
these results suggest that marsh periwinkle snails may have been
adversely affected following exposure to DWH oil.

Integrated Environmental Assessment and
Management General – Part 1
220 Sustainability and Precautionary Principle in Source Water
Protection For Drinking Water Production
I. Brüning, IAWR
From the seventies of last century the waterworks along the Rhine river
in Europe (International Association of Waterworks in the Rhine basin,
IAWR) have been active in the improvement of the Rhine water quality.
The ultimate goal has always been a source water quality that allows
the production of perfect drinking water using simple treatment only.
Already in 1973 IAWR published a Rhine Memorandum stating quality demands that would help reach that goal. Interestingly, those very
demands were subsequently used by the European Union as the basis of a
Directive on the abstraction of surface water for drinking water production (75/440/EC). Several updates of this memorandum were published
over the years. In 2013 other associations of water works also endorsed
the underlying philosophy and the memorandum was broadened to the
Danube-, Meuse-, Ruhr-, Elbe-, and Rhine Memorandum -European
rivers which provide ground filtrated water for drinking water production- representing over 170 utilities in 17 European countries, with well
over 115 million consumers. The most important demands for a Source
Water Protection are quality objectives for not otherwise regulated
variables as groups, and demands and suggestions to (political) decision
makers on the achievement of the desired water quality based on the
precautionary approach.
221 US Environmental Protection Agency Updated Human Health
Ambient Water Quality Criteria
C. Flaherty, USEPA / Office of Water
US Environmental Protection Agency (USEPA) has updated ambient
water quality criteria for the protection of human health for 94 chemical pollutants. USEPA water quality criteria serve as recommendations
to states and tribes authorized to establish water quality standards
under the Clean Water Act. These updated recommendations reflect
the latest scientific information and USEPA policies, including updated
body weights, fish consumption rates, drinking water consumption
rates, health endpoints, relative source contributions, and bioaccumulation factors. The criteria have also been updated to follow the current
USEPA Methodology for Deriving Ambient Water Quality Criteria for the
Protection of Human Health (2000). USEPA developed chemical-specific
science documents for each of the 94 chemical pollutants that detail the
latest scientific information supporting the updated final human health
criteria. USEPA will provide an overview of each of the updated input
parameters used to derive the updated final human health criteria.
222 Determination of a Mercury Background/Reference Condition
in a Northeastern Freshwater Pond System Using Multiple Lines of
Evidence
K. Durocher, AECOM / Water and Natural Resources Depart; J.A. Bleiler,
AECOM; C. Archer, AECOM Environment; D. Simmons, AECOM
“Background” is generally considered to be a condition that would
exist in the absence of site activities, whereas “reference” is a baseline
condition used to define physical, chemical, or biological conditions.
Understanding the background and/or reference condition for a site in
the glaciated northeast can be particularly challenging. Given anthropogenic concerns such as atmospheric deposition, the presence of mercury
in these waterways is often difficult to distinguish site from background.
Multiple lines of evidence were used to determine whether or not
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sufficient mercury data are available to support the use of a run-of-the
river impoundment as the site-specific background or reference pond for
ongoing environmental investigation activities. The Site is a former mill
facility located in the glaciated northeast. The primary objective here
is to present an assessment of the strengths and weaknesses of available data regarding selection of the upstream pond as an appropriate
representation of upgradient reference conditions for ongoing environmental investigation at a Site pond located on the same run-of-the-river
system. Six lines of evidence were considered relative to the evaluation of
the potential background pond: (1) Site Related Source Evaluation; (2)
Upstream Source Evaluation; (3) Sediment Nature and Extent Review;
(4) Surficial Sediment Background Evaluation; (5) Sediment Toxicity
Testing Evaluation; (6) Fish Tissue Background Evaluation. A total
of 29 discrete endpoints were evaluated for these 6 lines of evidence,
including analysis of historical information as well as recently collected
sediment and fish tissue residue mercury data. Spatial and temporal
trends in mercury concentrations were evaluated qualitatively and
quantitatively, across multiple environmental matrices (soil, surficial and
sub-surficial sediment, groundwater, and tissue). This analysis included
review of regional (state-wide) mercury reference data, as well as data
specific to the watershed. Although there is some uncertainty in some of
the endpoints, the results of the review of the multiple lines of evidence
clearly support the use of the subject pond as the site-specific background
or reference pond for ongoing environmental investigation activities.
223 Quantitative Weight of Evidence for Sediment Recovery in the
Portland Harbor Superfund Site
D. Nielsen, Integral Consulting Inc.
A quantitative statistical method for evaluating the weight of evidence
(WOE) for sediment recovery is illustrated. Three independent lines of
evidence have been assessed to evaluate the recovery rate of sediments in
the Portland Harbor Superfund site. These lines of evidence (LOE) are:
1) temporal changes in the concentration of total polychlorinated biphenyls (PCBs) in the tissue of smallmouth bass; 2) temporal changes in the
successional stages of the benthic community; and 3) temporal changes
in the concentration of total PCBs in sediment at resampled co-located
stations. The temporal change for each type of data was represented by an
exponential model, producing independent estimates (with uncertainty
measures) of the recovery rate constant. These independent LOE were
integrated to calculate an overall WOE using likelihood ratios for concrete alternative hypotheses. The sets of alternate hypotheses for which
WOE was calculated were: 1) no recovery vs. recovery in 10 years; 2) no
recovery vs. recovery in 15 years; and 3) no recovery vs. recovery in 20
years. Evaluation of recovery rates using likelihood ratios allowed quantitative integration of the independent LOE, and produced a WOE metric
that straightforwardly represents the strength of statistical evidence.
224 Characterization of Wetland Contaminant Transport Processes
through Innovative Field and Modeling Techniques
C. Jones, Integral Consulting Inc.
Estuaries are of critical importance for social, environmental, and economic purposes. In particular, intertidal regions (e.g., wetlands) provide
important and sometimes critical habitats for benthic communities, fish,
birds, and mammals. These generally depositional intertidal flats can act
as reservoirs for sediment-bound contaminants from both historical and
ongoing urban sources. The lack of solid understanding of the processes
controlling the transport of sediment bound contaminants presents a
significant stumbling block in our ability to quantitatively predict the
behavior of estuarine systems. This study outlines the merging of field
data and modeling analysis to develop an understanding of sediment
and contaminant transport in inter- and sub-tidal regions of the Berry’s
Creek Study Area (BCSA), an urban estuarine Superfund site in
northern New Jersey. The enhanced understanding of transport dynamics can directly assist in addressing site management questions related
to sediment and contaminant fate and transport and to support remedy
evaluation. The BCSA is a side embayment of the tidal Hackensack
River, consisting of Phragmites marshes surrounded by highly urbanized uplands. The estuary is subject to tides, storm events, and other

temporal factors that affect transport within the system. Monitoring
programs were conducted over multiple years to develop lines of evidence
to effectively characterize the transport processes. Because transport in
the system is affected by periodic events (e.g., storms), our approach for
the site established a multi-year empirical data set to characterize system
behavior over a wide range of site conditions. The robust empirical data
set allows for the development of well-calibrated and validated hydrodynamic and sediment transport models. The results and modeling analysis
provide a clear picture of the transport processes important to the fate of
sediment and contaminant in the BCSA and provides a sound basis for
site management decision making.
225 Development of the Chemical Aquatic Fate and Effects
Database and its Usefulness in Assisting Chemical Spill in Aquatic
Environments
A.C. Bejarano, Univ of South Carolina / Dept of Environmental Health
Sciences; V. Chu; J. Farr, P. Jenne, NOAA Emergency Response; A. Hielscher,
GenWest
The Chemical Aquatic Fate and Effects (CAFE) database is a centralized data repository that allows for rapid and unrestricted access to fate
and effects data. This database was developed in response to the needs
by the National Oceanic and Atmospheric Administration’s Emergency
Response Division (ERD), which since 2003 responded to at least
2,500 spill incidents in aquatic environments. CAFE gathers existing
data from several databases, as well as from peers, peer-review and gray
literature, and required a comprehensive review and standardization
process to ensure data quality. Data are integrated into a user-friendly
tool containing two primary modules: the fate and the effects modules.
The fate module contains data (e.g., chemical properties, partitioning
coefficients, etc.) useful in understanding and predicting chemical behavior in aquatic environments. The effects module contains acute toxicity
data which can be queried allowing for on-the-fly data searches and data
plotting in the form of Species Sensitivity Distributions (SSDs). To date,
the fate and effects modules of CAFE contain information for 32,377
and 4,498 chemicals, respectively. Toxicity data are also available for over
200 oils, dispersants and chemically dispersed oils. Several exercises were
developed to demonstrate the practical application of this database. These
included assessments of data availability based on incidents reported to
two databases: the National Response Center database (USCG) and the
ERD’s incident database. In addition, two incidents in the Mississippi
River were used to demonstrate the practical application of toxicity data
in CAFÉ based on modeled environmental concentrations at the point
of release and time post-spill. Comparisons were made between modeled
environmental concentrations and equivalent concentrations on the SSD,
allowing an estimation of the proportion of potentially species affected
as a function of time. Data in CAFÉ can aid spill responders in their
assessment of the fate and potential environmental effects of the spilled
material in aquatic environments. While this database is designed to
help inform spill responders, its design and query capabilities could easily
be expanded to address other research and management needs by the
scientific community.
226 Modifications of the AQUATOX Ecosystem Model for Improved
Application in the Nearshore Marine Environment
E. Blancher, Sustainable Eosystem Restoration, LLC; R.A. Park, Eco
Modeling; J.S. Clough, Warren Pinnacle Consulting, Inc.; S.P. Milroy,
M. Graham, Univ of Southern Mississippi / Dept of Marine Science; C.
Rakocinski, Univ of Southern Mississippi / Dept of Coastal Sciences; R.
Hendon, Univ of Southern Mississippi / Center for Fisheries Research and
Development; J. Wiggert, Univ of Southern Mississippi / Dept of Marine
Science; R. Leaf, Univ of Southern Mississippi / Dept of Coastal Sciences
The USEPA’s AQUATOX simulation model has been widely used to
model the dynamics of freshwater ecosystems. Inclusion of a salt-balance
approach allowed the modeling of estuarine systems with minimal data
in versions 3.0 and 3.1. Recently the model has been expanded, both
in its analytical capabilities and in its application to coastal habitats.
In this presentation we describe how this latest AQUATOX model
(version 3.1 NME) has been modified for data-rich applications in the
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nearshore marine environment. These changes include the ability to
represent size classes of important fauna, especially oysters and crabs,
and to extend AQUATOX’s allometric submodels for the estimation of
respiration and consumption rates in selected invertebrates. Additional
enhancements include 1) input of carbon:chlorophyll a ratios to facilitate
modeling different algal species, and 2) constructs for modeling complex
predator-prey dynamics, in which nearshore habitat heterogeneity may
provide refugia for prey. Simulated microhabitats include the complex
marsh-water interface and the cryptic microhabitats of oyster reefs, characterized by fractal dimensions, and burrows of various depths in soft
sediments. Model output has been expanded to cover a wide selection of
physiologic and ecologic endpoints including: daily growth rates, net primary and secondary productivity (often expressed as annual sums), and
dynamic trophic-level calculations for every biotic group modeled. Risk
assessment of environmental perturbations can be performed and verified
for representative nearshore marine habitats; the analyst can use graphical displays and statistical analyses of model output and observed data
to summarize overall biomass impacts and to “drill down” to ascertain
probable cause and effect relationships at the process level.
227 ECOTOX Knowledgebase: Search Features and Customized
Reports
B.P. Kinziger, CSC; C. Elonen, USEPA / Office of Research and
Development, National Health and Environmental Effects Research
Laboratory Mid-Continent Ecology Division; A.L. Puglisi, A. Pilli, CSC
The ECOTOXicology knowledgebase (ECOTOX) is a comprehensive,
publicly available knowledgebase developed and maintained by ORD/
NHEERL. It is used for environmental toxicity data on aquatic life,
terrestrial plants and wildlife. ECOTOX has the capability to refine
and filter searches by 16 parameters (e.g., Species, Chemical, Effect,
Control, Year, etc.) and customize output selections from over 100
data fields. Publications are identified for potential applicability after a
comprehensive search of the open literature. All pertinent data presented
by the authors is abstracted and entered into the knowledgebase. Study
details, such as species taxonomic hierarchy, chemical purity, routes of
exposure, and all calculated or statistically derived endpoints provided
by the authors is encoded in discrete data fields for each test result. This
allows for a complete understanding of the exposure parameters and for
expanded search capabilities. Once all quality assurance measures have
been met, the data are released to the public knowledgebase (www.epa.
gov/ecotox). Quick or advanced search options give users the ability to
search the knowledgebase with great functionality on a wide variety
of information. During the past 8 years, ECOTOX has aligned the
coding of the aquatic and terrestrial references by the addition of data
fields, adapted search terminology to better focus literature searches, and
updated search screens. New data additions include current environmental chemicals of interest to researchers and regulators as well as endpoints
at the cellular level. Since 2008, ECOTOX has increased coverage and
depth of the knowledgebase by 26 % which includes 18407 abstracted
publications, 4209 new species and 2044 new chemicals. This presentation will provide an overview of the search and report features of the
ECOTOX knowledgebase.

Ecological Consequences of Exposure to
Pharmaceuticals – Part 1
228 Ecopharmacovigilance in Practice: Focusing on Risk and not
Presence
J. Snape, AstraZeneca UK Ltd. / AstraZeneca Global Environment
Ecopharmacovigilance (EPV) is a developing science concerned with the
detection, evaluation, understanding and prevention of adverse effects
of active pharmaceutical ingredients (APIs) in the environment. In
Europe and North America, a new regulatory submission or a line extension is normally accompanied by an Environmental Risk Assessment
(ERA), but there is no regulatory requirement to monitor the environmental risks of medicines post-launch. Nevertheless, researchers
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globally continue to report instances of pharmaceutical residues in the
environment, and publish new ecotoxicological studies on effects of
pharmaceuticals on wildlife. To understand the significance of these
emerging data and ensure that any potential risks are identified and managed appropriately, we have developed a process for EPV. This ensures
that we can continue to understand the environmental risks associated
with our products, and to manage them appropriately throughout the
life of each product. This presentation will describe our EPV processes,
describe how it works in practice and demonstrate some of the significant
findings we have made to date. All measured environmental concentrations of APIs are GIS mapped and queried based on risk. All effects
data are collated and where data is deemed to be reliable and relevant we
refine our ERA assumptions. Case studies with propranolol and tamoxifen will be presented to show how ERAs have been refined and updated
in light of our EPV.
229 Uptake of pharmaceuticals influences plant development and
stress signaling networks
L. Carter, M. Williams, CSIRO / Land and Water; C. Bottcher, CSIRO /
Agriculture; R.S. Kookana, CSIRO / Land and Water
The detection of a range of active pharmaceutical ingredients (APIs) in
the soil environment has led to a number of publications demonstrating uptake by crops. Apart from research exhibiting antibiotic induced
phytotoxicity, very few studies have explored the potential for sub-lethal
impacts on the plant as a result of API uptake. This study was designed
to investigate the effect of carbamazepine (CBZ) and verapamil (VRP)
on a range plant responses in zucchini (Cucurbita pepo). CBZ and VRP
were chosen because of their sodium and calcium channel blocking
properties across cell membranes. Soil was spiked at 0.005, 0.5, 1, 2, 4,
8 and 10µg/g and zucchinis were grown from seed for 4 weeks. CBZ
and VRP uptake increased in a dose-dependent manner, with maximum
leaf concentrations of 126.71 and 0.30 µg/g for CBZ and VRP, respectively. For CBZ, an increasing uptake by zucchini resulted in a decrease
in above and below ground biomass of up to 60 and 40% of the control,
respectively. In the CBZ treatment (>4µg/g) visible signs deviation from
the critical nutrient concentration were observed in older leaves but no
such effects were seen for VRP. ICP-MS analysis revealed an increase in
macro and micronutrients in leaf material in response to increased CBZ
uptake. Significant differences were also observed in plant hormones,
responsible for plant development, in comparison to the controls (p<
0.05) (auxin, cytokinin, ABA and jasmonates). Specifically, ABA mediated signaling plays an important role in plant response to environmental
stress. As ABA production corresponds with increased CBZ uptake, this
may trigger a response such as inhibition of cell division and thus may
explain the reduced biomass. A decrease in photosynthetic pigments was
also observed with increased CBZ uptake, which may be explained by
an increase in ABA causing down regulation of photosynthetic enzymes.
Interestingly, plant hormone concentrations were altered at environmentally relevant concentrations (0.005µg/g) and in some circumstances in
response to VRP uptake. In a parallel study, zucchini were grown to
full maturity at the highest treatment concentration, however female
flowers were unable to develop in CBZ treated plants and fruits did not
form. API residues were detected in the pollen of male flowers in both
CBZ (8.33µg/g) and VRP (0.0072µg/g) treatments. With the potential
for transfer to honey bees, this holds substantial implications for wider
ecosystem health.
230 The Effect of Sertraline on Behavioural Indices in Virile Crayfish
(Orconectes virilis)
S.G. Woodman, Univ of Lethbridge / Biology; D. Steinkey, Univ of
Lethbridge / Biological Sciences; B. Dew, Lakehead Univ / Biology; B.W.
Brooks, Baylor Univ / Environmental Health Science Program Dept of
Environmental Science; G.G. Pyle, Univ of Lethbridge / Biological Sciences
The selective serotonin re-uptake inhibitor sertraline is one of the most
widely prescribed antidepressants in North America. As it is released
from the body intact, sertraline is present in waterways due to discharge
of wastewater from municipalities, however, the effects of aqueous
exposure of sertraline on the behavioral responses of aquatic animals is
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generally unknown. Aspects of crayfish behavior, including antagonistic
interactions and reaction to simulated predators, have been extensively
detailed through previous research. Our study determined how aqueous
exposures of sertraline induce changes in antagonistic interactions and
anxiety behavior in virile crayfish (Orconectes virilis). Crayfish were either
exposed or not exposed to an aqueous dose of sertraline and then paired
for dyadic antagonistic interactions to determine if sertraline affects the
number of initiations and retreats. The effect of sertraline on responses
to visual predator cues and whether or not sertraline was acting as an
olfactory cue were also tested. Hemolymph was extracted from the crayfish to measure the concentration of sertraline within the crayfish post
exposure. Our results indicate that sertraline has no effect on predator
induced anxiety responses of crayfish. In addition, we have demonstrated
an attraction response of crayfish to sertraline in behavioral mazes. The
attraction of crayfish to sertraline represents a maladaptive behavior, and
in an ecological context may result in crayfish moving to areas with high
concentrations of sertraline, resulting in behavioral deficits. Our research
demonstrates that aqueous exposure to sertraline may have potential
effects on behavioral responses of aquatic invertebrates.
231 Effects of chronic analgesic exposure on the early life stages of
zebrafish (Danio rerio)
K. Hammill, N.L. Richard, J.Y. Wilson, McMaster Univ / Biology
Analgesics, widely used for pain relief, are one of the most common
classes of drugs found in North American surface waters. Amongst
the analgesics, acetaminophen, ibuprofen, salicylic acid (metabolite
of acetylsalicylic acid), naproxen and diclofenac are among the most
frequently detected in North American surface waters, where they
can reach concentrations of up to 17 µg L-1. Despite their widespread
presence, there are limited studies that examine the impact of direct
chronic analgesic exposure on fish development. Existing studies, such
as that for acetaminophen, provide conflicting information in regards
to the concentration at which an increase in mortality and developmental abnormalities can first be observed. We have used zebrafish as
a model organism to study the impact of acetaminophen on early life
stages of fish. Toxicity testing was carried out on embryos from 3 - 168
hours post fertilization with concentrations spanning both environmentally relevant (i.e., ≤ 10 µg/L) and above (i.e., ≥ 100 µg/L) in order
to determine dose-response relationships; dosing solution was renewed
daily. The endpoints examined include survival, hatching, developmental
abnormalities (yolk sac edema, pericardial edema, spinal deformities and
underdeveloped swim bladder), morphometrics (body length, dry weight,
eye diameter and yolk sac diameter), behavior (reaction to stimuli), and
whole body sodium. Preliminary results indicate great variation across
replicate experiments, from no difference in mortality and developmental abnormalities with exposure, to ~ 2 and 3 fold increased mortality
and abnormalities, respectfully, at concentrations as low as 0.01 µg L-1.
Further investigation is ongoing to resolve what is controlling the variable response to acetaminophen exposure.
233 Bioaccumulation of pharmaceuticals by Corbicula fluminea during
an effluent-dependent experimental stream mesocosm study of TiO2
nanoparticles
S.R. Burket, L. Baker, Baylor Univ / Dept of Environmental Sciences;
M.V. Wright, Baylor Univ / Biology; K. Chambliss, Baylor Univ / Dept of
Chemistry; R.S. King, Dept of Biology; C.W. Matson, B.W. Brooks, Baylor
Univ / Dept of Environmental Science
Pharmaceuticals from wastewater treatment plant (WWTP) effluent
are known to bioaccumulate in fish exposed to instream flows from
urban ecosystems, particularly in arid and semi-arid regions; invertebrate bioaccumulation of these compounds is less defined. Corbicula
fluminea, an invasive freshwater bivalve, exhibits characteristics analogous to model organisms used for biomonitoring studies (e.g., broad
distribution, rapid growth rate, high fecundity, ease of collection and
transport, short acclimation periods). The goal of this study was to
examine C. fluminea bioaccumulation and uptake kinetics of select
target analytes during a replicated outdoor stream mesocosm study at
the Baylor Experimental Aquatic Research (BEAR) facility. Municipal

effluent, which was supplied from the Waco Metropolitan Area Regional
Sewerage System, served as the stream flow source water. C. fluminea were subsampled on initial study days 0, 1, 3, and 8 prior to TiO2
nanomaterial treatment additions, then again sampled through time
following nanomaterial introduction. Target analytes were determined
in whole tissue homogenates, source effluent and stream water by isotope
dilution LC/MSMS. Following the 8 day pre-nanomaterial study
period, C. fluminea significantly (p< 0.05) accumulated acetaminophen,
carbamazepine, diphenhydramine, fluoxetine, and sertraline with maximum concentrations reaching low µg/kg levels. However, such increases
by study day 8 corresponded to increased target analyte concentrations in
effluent source waters. Bioaccumulation dynamics of ionizable pharmaceuticals in C. fluminea and other bivalves (e.g., Unionids, estuarine and
marine bivalves) requires additional study.
234 Biomonitoring of Contaminants of Emerging Concern using
Wild Eastern Oysters (Crassostrea virginica) in Georgia, USA
Estuaries
D.W. Brew, Univ of Georgia / Environmental Health Science; M.
Henderson, USEPA / Ecosystems Research Division; D. Glinski, Univ of
Georgia; M.C. Black, Univ of Georgia / Dept of Environmental Health
Science
In coastal environments, research is being conducted on the unregulated
discharge of contaminants of emerging concern (CECs) from sewage
release into the estuarine environment and its effects on fisheries. This
study aimed to quantify CEC concentrations in tissues of eastern oysters
(Crassostrea virginica) collected from native oyster beds at Brunswick and
Sapelo Island, Georgia. These sites were selected to provide a gradient
of presumed exposures based on septic tank densities. Samples were
analyzed for 30 CECs including selective serotonin reuptake inhibitors (SSRIs), hormones, anti-epileptics, stimulants, antihistamines,
analgesics, heart/cholesterol medication, personal care products (PCPs),
pesticides, industrial pollutants and illicit drugs.Oysters were collected bimonthly from fall 2013 to summer 2015 while environmental
samples (water and sediment) were collected beginning fall 2014. Oyster
concentrations displayed strong seasonal trends of CEC concentrations. The highest mean concentrations and number of chemical classes
detected occurred during the spring, summer and mid-fall months.
Interestingly, June 2014 had the highest mean analyte concentrations
with numerous CECs exceeding µg/g. SSRIs, analgesics, cholesterol
medication, PCPs and hormones were the most frequently detected
compounds and had the highest mean tissue concentrations ranging
from 10 to 30 ng/g during these months. In contrast, during the winter
months only PCPs and hormones were detected at higher concentrations
in oysters. Stimulants, analgesics, anti-epileptics, antihistamines, PCPs
and pesticides were detected in surface water samples from October
and December 2014 with concentrations exceeding 156 ng/L (PCPs).
Sediment, surface water and suspended solids analyses are ongoing and
will allow CEC bioconcentration factors to be calculated for these collection periods. Surprisingly, there were few statistical differences among
CEC concentrations between Brunswick and Sapelo. This could be
explained by a dilution effect by the Brunswick River, while the inverse
trend is observed in Sapelo due to concentration in small tidal creeks.
Our research demonstrates that CECs are ubiquitous contaminants
in Georgia’s estuarine environment, with potential seasonal trends in
concentrations and bioaccumulation patterns in oysters. Ultimately, a
comprehensive examination of CEC concentrations in these matrices
will help delineate the seasonal inputs of these compounds in Georgia’s
estuaries.
235 Human pharmaceuticals with aquatic effects at or below the 1
µg/L NEPA categorical exclusion concentration for conducting environmental assessments
J. Laurenson, R.A. Bloom, US Food and Drug Administration / Center for
Drug Evaluation and Research
To better understand and address the long-term ecological exposure and
effects of human active pharmaceutical ingredients (APIs) with wastewater effluent concentrations of ≤ 1 µg/L (part per billion, ppb), which
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is the level below which USFDA generally categorically excludes drug
applications from the requirement to submit National Environmental
Policy Act (NEPA) Environmental Assessments (EAs). Conduct
analysis of the current state of knowledge regarding the aquatic chronic
toxicity of APIs to ecological communities. Use a multi-step approach:
(1) define the universe of APIs to facilitate the search for relevant data
and literature; (2) examine available aquatic toxicity databases and
extract relevant data; (3) review the toxicity data and conduct supplemental literature searches to confirm key data and update key APIs; and
(4) analyze the toxicity data, with particular attention to APIs with any
effects ≤ 1 µg/L. Results: Ecological effect records were available for 223
of the original universe of 1,358 APIs. LOEC values for any effect were
identified for 100 APIs, with 16 found with aquatic effects at ≤ 1 µg/L.
The majority of these 16 APIs had predominantly estrogenic modes of
action (MOAs), followed by drugs with either androgenic or thyroid
MOAs, and finally by several drugs with individually different MOAs.
A cumulative assessment of the most potent estrogenic of these drugs,
17α-ethinyl estradiol (EE2), together with other estrogenic substances
also was conducted. In response to analyses such as these, regulatory and
other action on drugs with estrogenic, androgenic, and thyroid activity has increased in recent years. USFDA also recently released a draft
guidance on conducting EAs for drugs with estrogenic, androgenic, and
thyroid activity that otherwise would have been categorically excluded
from a NEPA EA. Several drugs, primarily those with estrogenic,
androgenic, or thyroid MOAs, are associated with aquatic effects at or
below the categorical exclusion level of 1 µg/L. Several caveats exist,
however, and thus additional data and a more comprehensive approach
for data collection and analysis, especially in effluent-dominated water
segments in sensitive environments, is needed to more fully characterize the risks. The contents of this abstract neither constitute nor reflect
official USFDA policy.

Mercury in Western North America: A
Synthesis of Spatiotemporal Patterns,
Biogeochemistry, Bioaccumulation and Risk
236 Comparison of Mercury Mass Loading in Streams to
Atmospheric Deposition in Watersheds in the Western US: Evidence
for Non-Atmospheric Mercury Sources
J. Domagalski, M.S. Majewski, C.N. Alpers, USGS; C. Eckley, USEPA /
Region 10
Many stream segments in the western United States (US) are listed
as impaired by mercury (Hg) under the Clean Water Act, and it is
important to understand the magnitude of various sources in order to
implement management strategies. The atmosphere plays a role in the
delivery of Hg and can be a major source of aquatic Hg contamination,
along with mine wastes, urban runoff, and other sources. After wet and
dry deposition of Hg, subsequent water transport is mostly dependent on
erosive processes that mobilize sediment, as Hg tends to attach to particulates. Prior studies in the eastern US have shown that streams deliver
less than 50% of the atmospherically deposited Hg on an annual basis.
In this study, we compared annual river Hg loads at 17 watersheds in the
western US to measured wet and modeled dry Hg deposition. Data from
the Mercury Deposition Network was used to estimate Hg loading from
precipitation. Dry deposition of Hg was not directly measured, but can
be modeled using the Community Multi-scale Air Quality model. The
area of the watersheds ranges from small (less than 50 km2) to large (up
to 70,000 km2). Land cover varies from undisturbed to mixed (agricultural, urban, and forested), plus localized mining of Hg and precious
metals that used Hg amalgamation. This will allow for a comparison
of natural and anthropogenic influences. Annual and seasonal loads of
total Hg in streams were obtained from published literature or modeled
by using publicly available data for Hg concentration and discharge. At
a pristine location in the Rocky Mountains, the ratio of stream Hg load
to atmospheric deposition was 0.2 during a year of average precipitation.

66 | SETAC North America 36th Annual Meeting

In contrast, at the Carson River in Nevada, with known Hg contamination from historical silver mining, stream export exceeded atmospheric
deposition by a factor of 60. The lower Sacramento River (agriculture,
urban, natural, and mining land uses) was the largest watershed for
which Hg riverine loads were available. The ratio of stream Hg export to
atmospheric deposition was 0.15. Although Hg was used and lost to the
environment in upstream historical mining operations in the Sacramento
River watershed, downstream river Hg load is mitigated by reservoirs,
which trap sediment. This study represents the first compilation of riverine Hg loads in comparison to atmospheric Hg deposition on a regional
scale; the approach may be useful in assessing the relative importance of
atmospheric and non-atmospheric Hg sources.
237 Surface-air mercury fluxes across Western North America:
A synthesis of spatial trends and controlling variables
C. Eckley, USEPA / Region 10; M. Tate, USGS; M. Gustin, Univ of
Nevada Reno; J. Lin, Lamar Univ; S.R. Dent, CDM Smith; B. Wang, J.
Gray, USGS; B. Kowalski, D.P. Krabbenhoft, USGS; C. Eagles-Smith,
FRESC
Under ambient environmental conditions, mercury (Hg) associated with
terrestrial and aquatic surfaces can be emitted to the air. The magnitude
of the surface fluxes is influenced by several variables including: substrate
Hg concentration, soil moisture/precipitation, solar radiation, temperature, among others. The net-ecosystem flux is also heavily influenced
by the type and density of vegetation cover which can be a Hg0 sink.
A unique feature of the Western United States (US) is that it contains
large gradients in soil, vegetation, and meteorological characteristics that
can influence Hg fluxes, including numerous areas that are naturally
geologically Hg-enriched. The specific objectives of this study are to: 1)
gather and summarize existing surface-air Hg0 flux measurements made
throughout the Western US; 2) identify relationships between Hg0
fluxes, meteorological conditions, and soil Hg concentrations; 3) assess
the impact of vegetation, and 4) scale terrestrial surface Hg0 emissions
across the Western US to identify spatial and seasonal trends. Results of
data gathering identified that fluxes have been measured in 55 different
areas throughout the Western US. The majority of these measurements
have been conducted in desert regions and/or from geologically enriched
areas; however, a limited number of measurements have also been
conducted from background soils in forested and prairie regions. Studies
on Hg fluxes from geologically-enriched landscapes have identified a significant linear relationship between soil Hg concentration and emissions.
The slope and intercept of these regressions can vary between studies. For
background soils, there is a much weaker relationship between soil fluxes
and Hg content. Fluxes were scaled spatially and temporally using GIS
layers of soil moisture, solar radiation (corrected for canopy cover), and
soil Hg content. The inclusion of all of these parameters in a spatial and
temporal model advances our understanding of the relative importance of
the variables controlling Hg0 emissions through the Western US.
238 Spatial variations in benthic methylmercury production rates
among ecosystems and habitats across western North America
M. Marvin-DiPasquale, J. Agee, E. Kakouros, L.H. Kieu, M. Arias, D.P.
Krabbenhoft, USGS; B. Hall, Univ of Regina / Biology
Benthic methylmercury production potential (MPP) rates have been
measured across multiple ecosystems and habitat types by the USGS
for over 15 years. As part of the Western North America Mercury
Synthesis project we have compiled measurements of MPP and associated ancillary sediment data to produce a comprehensive analysis of
spatial and biogeochemical controls of methylmercury production.
Specifically, environmental factors controlling methylation are grouped
into two broad categories: drivers of microbial activity associated with
Hg(II)-methyation; and, drivers controlling the availability of Hg(II)
for microbial methylation. Our analysis is conducted across a wide range
of geochemical gradients (salinity, organic content, sulfur and iron).
We compared western ecosystems ranging from Great Salt Lake, Puget
Sound, interior Alaska, Carson River (NV), major reservoirs (Lake
Powell and Hell’s Canyon Complex), Canadian prairie potholes, and the

TUESDAY PLATFORM ABSTRACTS
San Francisco Bay (estuary, delta and watershed). Statistical modeling of ancillary sediment data in combination with geospatial analysis
of drainage basin characteristics are used to compare across habitat
types. Preliminary results comparing four salinity regimes (freshwater,
high-brackish, low-brackish, hypersaline) across all ecosystems indicate
that radiotracer and stable isotope derived rate constants (k) for Hg(II)methylation (n=598) are highest in high-brackish (5-36 ppt) salinity
environments, while Hg(II) availability (as assessed by tin-reducible
reactive Hg(II); HgR; n=925) are highest in freshwater (< 0.5 ppt) and
low-brackish (0.5-5 ppt) environments. The resulting MPP rates, calculated from both k and HgR data (n=505) are not statistically different
between freshwater, low-brackish and high-brackish sites, while MPP
rates are statistically lower in hypersaline (> 36 ppt) sites compared to the
other three.
239 Mercury-Selenium mass concentrations and molar ratios in fish
and wildlife across gradients of metal exposure in the Western United
States
A.R. Stewart, USGS / National Research Program Western Branch; C.
Eagles-Smith, FRESC; J. Ackerman, USGS / Western Ecological Research
Center; J. Willacker, USGS / FRESC; P. Drevnick, Univ of Michigan; J.G.
Wiener, River Studies Center
Mercury (Hg) and selenium (Se) have the potential to threaten wildlife and impede ecosystem restoration efforts across a range of habitats.
Selenium also interacts with Hg in the environment and within organisms impacting biogeochemical and physiological processes. When Se is
present in tissues in molar quantities greater than Hg it may mitigate or
modify the accumulation of methylmercury, thereby reducing its toxicity
in organisms. Recent studies have shown that Hg concentrations in fish
from streams across the western United States were inversely correlated
with Se concentrations in tissues, with most fish having a molar Se:Hg
ratio >1 (excess Se). Yet, the specific mechanisms controlling molar
Se:Hg ratios in nature are far from clear. Here, we expand upon this
knowledge to evaluate relationships between Hg and Se concentrations in fish and birds as part of the Western North America Mercury
Synthesis effort. The expansive dataset compiled in this synthesis effort
spans large exposure gradients and includes a large number of species
representing different feeding guilds. Molar Se:Hg ratios in more than
8,000 fish samples ranged from 0.004 to 2919 with a mean molar ratio
of 8 (median = 2). In contrast to prior published studies, more than
30% of the fish sampled had Se:Hg molar ratios < 1 (excess Hg). Molar
ratios varied among foraging guilds and to a lesser degree, geographical
regions. Benthivores that feed predominantly on invertebrates tended to
have higher Se:Hg molar ratios than piscivores, which could be explained
by low rates of physiological loss of Se from invertebrates and thus higher
dietary Se exposures in benthivores. Fish collected from regions with
elevated levels of both Hg and Se had Se:Hg molar ratios that fell both
above and below 1, regardless of feeding guild. These results indicate that
molar Se:Hg ratios are affected by multiple interdependent processes that
should be considered when assessing the potential protective role of Se in
mitigating the toxic effects of methylmercury.
240 Spatial and temporal trends in fish mercury concentrations across
western North America
C. Eagles-Smith, J.J. Willacker, USGS / FRESC; J. Ackerman, USGS /
Western Ecological Research Center; D.C. Evers, Biodiversity Research Inst;
M. Lutz, USGS / Water Resources Division; M. Tate, USGS; J.G. Wiener,
River Studies Center; A.R. Stewart, USGS / National Research Program
Western Branch; J. Lepak, Colorado Parks and Wildlife; J.A. Davis, San
Francisco Estuary Inst
Mercury (Hg) pollution is a serious environmental problem that impacts
both ecosystem and human health on regional and global scales.
Importantly, the environmental risk of Hg contamination is driven by
complex interactions between Hg sources, biogeochemical processes
that facilitate methylmercury production, and ecological processes that
govern biomagnification. Thus, effective management to minimize
Hg risk to natural resources transcends source control, and requires an
understanding of how landscape variables influence the other processes

that drive Hg cycling across a gradient of conditions. The western region
of North America is an expansive area that is comprised of a diverse
mosaic of habitats and landscapes that span a wide range of climatological, hydrological, and biogeochemical conditions which can influence
Hg cycling and bioavailability. Additionally, a large proportion of this
region is publicly owned and managed, thus numerous resource management agencies have a mandate to protect the natural resources across this
region. As part of the western North America Mercury Synthesis effort
we compiled state, provincial, federal, and academic monitoring and
research datasets of fish tissue Hg concentrations from across the western
US and Canada. This dataset consists of more than 90,000 individual
fish Hg concentrations, measured between 1969 and 2013 from more
than 3,000 unique locations spanning 13 US states and 5 Canadian
provinces. Preliminary analyses indicate that average fish Hg concentrations across all taxa ranged by four orders of magnitude across sites. Fish
Hg concentrations differed substantially among species and locations.
Preliminary results suggest that there were no clear linear trends across
latitude or longitude. However, fish THg concentrations differed among
ecoregions and habitat types, highlighting the potential importance of
ecological drivers of fish Hg concentrations. This assessment is the most
expansive simultaneous evaluation of fish Hg concentrations across the
western environments to date, and it provides valuable insight on how
fish Hg concentrations vary across diverse habitat types.
241 The influence of reservoir structure and management on mercury
concentrations in sportfish across Western North America
J.J. Willacker, C. Eagles-Smith, USGS / FRESC; J. Ackerman, USGS /
Western Ecological Research Center; M. Lutz, USGS / Water Resources
Division; M. Tate, USGS
Considerable variation has been observed in the bioaccumulation and
biomagnification of mercury (Hg) in fishes from different waterbodies even when they are in close proximity and have similar Hg inputs.
Manmade reservoirs are particularly important in western North
America because they represent a large proportion of waterbodies
and receive extensive recreational use. Reservoirs may be particularly
important for elevating methylmercury (MeHg) production and biaoaccumulation compared to natural lakes; however, no study has made
comparisons across a large spatial scale. Further, western reservoirs are
particularly diverse, ranging from small water-holding, to large hydroelectric reservoirs with varied designs, environmental conditions, and
management strategies that may impact MeHg production and accumulation. We used a dataset of nearly 26,000 fish Hg measurements
collected between 1969 and 2013 to examine fish Hg concentrations
from approximately 500 natural lakes and 850 reservoirs across western North America. Preliminary analyses suggest there is considerable
variability in fish Hg concentrations from both natural lakes and
reservoirs, and concentrations from both habitats spanned similar ranges.
Preliminary analyses indicate geometric mean Hg concentrations in natural lakes and reservoirs were similar across the study area (0.23 ± 0.03
and 0.25 ± 0.01, respectively), however this relationship differed among
ecoregions, suggesting regional and landscape biogeochemical processes
may be important in differentiating the Hg cycles of lakes and reservoirs.
Fish Hg concentrations also differed among reservoir types, with small
reservoirs having lower mean Hg concentrations than larger reservoirs.
These results highlight the importance of examining Hg concentrations
across multiple scales and examining the processes underlying bioaccumulation in different habitats.
242 Spatial and Temporal Variation in Avian Mercury Exposure and
Risk Across Western North America: A Synthesis
J. Ackerman, USGS / Western Ecological Research Center; C. Eagles-Smith,
FRESC; D.C. Evers, Biodiversity Research Inst; A. Jackson, Oregon State
Univ / Dept of Fisheries and Wildlife; M. Herzog, A. Hartman, USGS /
Western Ecological Research Center
As part of the Western North America Mercury Synthesis, we summarized all the available data from published studies and unpublished
datasets on mercury concentrations in birds in Western North America.
This dataset consists of more than 13,000 individual bird mercury
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concentrations, from over 260 species and 24 states and provinces in the
US, Canada, and Mexico. We converted mercury concentrations from
various bird tissues into a standardized tissue value that is equivalent to
mercury concentrations in bird blood. We identified spatial hotspots of
bird mercury exposure in Western North America, provide maps of mercury concentrations in birds, and examined how mercury concentrations
differed among taxa, foraging guilds, latitude and longitude, eco-regions,
and habitat types. Among bird foraging guilds, piscivores, carnivores,
and crustaceovores had among the highest, and granivores and herbivores among the lowest, mercury concentrations. Birds foraging in ocean
and salt marsh habitats had among the highest mercury concentrations,
whereas birds foraging in terrestrial habitats had among the lowest
mercury concentrations. We provide suggestions for monitoring mercury
exposure of birds in North America, including the preferred species,
habitats, and tissues to target for sampling.
243 Spatial and temporal variability in fish mercury concentrations
from a large river system
J.C. Becker, Ball State Univ / Biology; W.H. Nowlin, Texas State Univ San Marcos / Biology; M.M. Chumchal, Texas Christian Univ
Mercury (Hg) pollution in fish is a global human and wildlife health
concern and much of what is known about how it cycles through
ecosystems comes from studies on lake and reservoir systems. During
2008-2009, we determined Hg concentrations in muscle tissue of multiple members of the fish assemblage in the Brazos River (Texas) during
two seasons (late spring/summer and winter) and across multiple subbasins. The study area spanned three distinct ecoregions: the Edwards
Plateau, Texas Blackland Prairie, and East Central Texas Plains. The
basin has no known geological sources of Hg and it is presumed that
a majority of Hg is deposited through atmospheric processes. Across
trophic guilds (herbivore/benthivore/omninore [H/B/O], invertivore
[INV], invertivore/piscivore [I/P]), fish from the Edwards Plateau had
consistently higher muscle Hg concentrations. Additionally, fish collected in late spring/summer had significantly higher Hg concentrations
than fish collected in winter and differences were most pronounced in
the I/P trophic guild. The strongest predictor of Hg concentration in
largemouth bass (Micropterus salmoides) was the percentage of sub-basin
land-cover by evergreen forest, although the predictive direction was
not consistent seasonally. In spring/summer there was a strong positive
relationship between percent evergreen forest and largemouth bass Hg
concentration, while in winter the effect was marginally negative. Our
findings highlight the need for better understanding of seasonal and
spatial controls on riverine fish Hg bioaccumulation, as even small-bodied and lower trophic position fish were regularly over the 79 ng/g (wet
weight) wildlife protection level in winter, and often over the USEPA
300 ng/g (wet weight) human consumption screening level during late
spring/summer. Finally, as with lakes and reservoirs, rivers in areas not
expected to suffer from elevated Hg can have elevated levels across trophic guilds, and improved management of human health protection will
likely require more detailed seasonal and spatial sampling.

Microplastics
244 Microplastic Abundance in South Carolina Estuaries
A.D. Gray, The Citadel / Biology; H. Wertz, College of Charleston / Marine
Biology; J.E. Weinstein, The Citadel / Dept of Biology
Microplastics are a growing environmental concern, and they have been
identified as a hazard to marine and estuarine organisms. In this study,
microplastics were surveyed using three transects at five locations within
both Charleston Harbor and Winyah Bay. At each location four quadrants, each randomly selected within the low intertidal, high intertidal,
high tide line, and supralittoral zone, were sampled along the three
transects. Between the two estuaries, Charleston Harbor (381.7 ± 92.3
particles/m2) had significantly more microplastics than Winyah Bay
(231.5 ± 69.1 particles/m2) (p= < 0.0001). In Charleston Harbor, Daniel
Island (1195.6 ± 112.0 particles/m2) had significantly more microplastics
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than the other four locations surveyed within the estuary (p=0.0002).
In Winyah Bay, Sand Island (454 ± 26.5 particles/m2) had significantly
more microplastics than two of the five sites surveyed within the estuary
(p=0.0014). In Charleston Harbor, there were significantly more fragments than any other microplastic particle type (p=0.0012). In Winyah
Bay, there were significantly more fragments and fibers than spheres
(p=0.0233). There was no difference in the abundance of microplastics
across the sampled littoral zones or amongst the various size fractions
examined in this study. The results from the present study suggest that
the abundance of microplastics are relatively high in at least two South
Carolina estuaries.
245 Microplastics in 29 Tributaries to the Great Lakes
A.K. Baldwin, S.R. Corsi, USGS / Water Resources Division; S. Mason,
State Univ of New York Fredonia; P. Lenaker, M. Lutz, USGS / Water
Resources Division
In 2014-15 the US Geological Survey and State University of New
York at Fredonia characterized the quantity and morphology of floating
microplastics in 29 Great Lakes tributaries in 6 states under different
hydrologic conditions, wastewater effluent contributions, land uses, and
seasons. Tributaries were sampled four times each, during high-flow and
low-flow conditions. Samples were collected from the upper 20-30cm
of the stream using a 0.33mm mesh neuston net. Microplastic particles
were sorted by size, counted, and categorized as fibers/lines, pellets/
beads, foams, films, and fragments. Microplastics were found in all
48 samples reported to date, with a maximum concentration of 11.4
particles/m3 and a median of 1.8 particles/m3, 87 times greater than the
median concentration previously reported for samples from the Great
Lakes themselves (Superior, Huron, and Erie). Seventy-nine percent of
sampled microplastics were in the smallest size range, 0.35 - 1.0mm in
diameter. Fibers, the dominant morphology (71% of all particles), were
ubiquitous across all types of land use and across varying degrees of
wastewater effluent contribution, suggesting that wastewater effluent may
not be the primary source of fibers to streams.
246 Pathways for Degradation of Plastic Polymers Floating in the
Marine Environment
B. Gewert, M. MacLeod, M. Plassmann, Stockholm Univ / Dept of
Environmental Science and Analytical Chemistry
Since mass production started in the 1940s vast amounts of plastics
have been produced globally and the amounts are increasing every year.
Plastics are very persistent and tend to accumulate in the environment.
Especially in the marine environment, plastic is of particular concern.
More than 60% of all floating debris in the world´s oceans is plastic.
At the ocean surface the plastic is exposed to sunlight, oxidants and
physical stress, all leading to degradation of the plastic polymers. The
degradation processes and products must be understood to detect and
evaluate potential environmental hazards from chemicals liberated from
weathering plastics. We reviewed degradation pathways for the six
most widely used plastic types (polyethylene - PE, polypropylene - PP,
poly(vinyl chloride) - PVC, polystyrene - PS, poly(ethylene terephthalate) - PET and polyurethane - PU). We found most information about
degradation pathways in literature of polymer engeniers, which included
many studies with degradation experiments conducted under conditions
that are not environmentally relevant. Thus we made extrapolations for
plastic floating in the worlds oceans. The potential degradation pathways
depend on the polymer type. For polymers with a carbon-carbon backbone UV-radiation and oxygen are the most important factors leading to
degradation by chain scission for PE, PP and PS and dechlorination of
PVC. Smaller molecular fragments are more susceptible to biodegradation and therefore abiotic degradation preceds biodegradation. Plastic
polymers with heteroatoms in the main chain, such as PET and PU,
degrade mainly by photo-oxidation, hydrolysis and biodegradation.
Knowing the initiation factors and pathways, we can draw conclusions
about the degradation products. Degradation of plastic polymers can lead
to low molecular weight polymer fragments and the formation of new
functional end groups, especially carboxylic acids. Further studies under
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experimental conditions that can be more readily extrapolated to the
marine environment are needed to reduce uncertainties about potential
risks associated with degrading plastics.
247 Microplastic formation from plastic debris in estuarine
environments
J.E. Weinstein, B.K. Crocker, A.D. Gray, The Citadel / Dept of Biology
As part of the degradation process, most plastics undergo eventual fragmentation caused by mechanical abrasion, UV radiation, and to a lesser
extent, biodegradation. The smallest of these fragments (< 5 mm) are
known as microplastics, and they have been receiving increased research
attention due to their potential effects on wildlife. In order to understand the process of plastic degradation and fragmentation in estuarine
environments, strips (15.2 x 2.5 cm) composed of high density polyethylene, polypropylene, and polystyrene were deployed in a salt marsh in
June 2014. Strips were subsequently monitored for biological succession,
weight, UV penetration, and the formation of secondary microplastics.
Subsamples of strips were collected after 4, 8, 16, and 32 weeks. Within
4 weeks, a composite of biofilm, algae, and silt covered all three polymers
with evidence of grazing marsh periwinkles (Littoraria irrorata). Within
16 weeks, barnacles and oysters had settled on the strips. Surface area
and weight of the plastic strips did not change following 32 weeks of
field exposure. UV penetration through the strips decreased 90% relative
to controls due to the accretion of biofilm and silt. A laboratory mechanical fragmentation test demonstrated that the production of microplastic
particles from field-deployed strips was evident following 8 weeks for
all three polymers. SEM images suggest that the production of these
microplastic particles resulted from the formation of surface cracks,
followed by delamination of the surface layer. These results provide valuable insight concerning the process of plastic degradation and secondary
microplastic formation in salt marsh habitats.
248 Occurrence of Microplastics in the Stomach Contents of Sunfish
from the Brazos River Basin, Central Texas
C. Peters, S. Bratton, Baylor Univ / Environmental Science
Microplastics, from 50 µm to 5 mm, can be found in marine, freshwater,
and deep ocean environments. While substantial literature has quantified the ingestion of macroplastics by marine vertebrates, relatively few
studies have focused on the effects of microplastics and artificial polymers, such as polyester and nylon threads, on freshwater organisms. We
collected 436 sunfish (Centrarchidae) – 318 bluegill (Lepomis macrochirus) and 118 longear (Lepomis megalotis) – from the Brazos River Basin,
between Lake Whitney and Marlin, Texas. A total of 196 fish stomachs
(45%) contained ingested plastic or artificial polymers, the majority of
which (96%) took the form of threads rather than spheres or blocks.
Of the 349 plastics identified, gray and blue (79.7%) were the most
common. Results, based on the combined sample, indicated that the
length of the fish was significantly positively correlated to the number
of microplastics detected (p= .019). To correct for species and size class
distributions relative to the degree of urbanization and river depth, fish
were separated into size categories. Mean microplastic ingestion per fish
differed significantly between upstream and urban sites: 10.1 cm to 13.9
cm (p=.000), 14 cm and greater (p=.000), while there was no significant
difference between urban and downstream locations for either comparable size class 7 to 10 cm (p=.170), and 10.1 to 13.9 (p=.706). Land use
analysis demonstrated that the mean number of ingested microplastics
was significantly positively correlated with the area of major roadways
located within 40,000 m2 plots (p=.029, r2=.338) and along 1000 meter
transect lines (p=.01, r2=.440), associated with each sample locale. Major
roadways thus were the best land use predictor of microplastic ingestion
within bluegill and longear sunfish. Principal Components Analysis and
Agglomerative Clustering via Wards Method demonstrated that microplastic ingestion is not associated with the ingestion of major classes of
organic food items but is associated with the ingestion of debris. While
one hypothesis projects that fish mistakenly identify microplastics as prey
items, these analyses suggest that sunfish accidentally ingest microplastics during normal feeding events. Easily available for collection, sunfish,
as suction feeders, serve as effective indicator species for microplastic
contamination.

249 Aryl Phosphite Antioxidants as Molecular Markers of Plastic
Particles in Marine Environments
G.J. Getzinger, Duke Univ / Civil and Env Engineering; L. Ferguson,
Pratt School of Engineering / Dept of Civil and Environmental Engineering
Microplastics are recognized as ubiquitous contaminants in the marine
environment. Potential ecological impacts associated with ingestion of
plastic particles and assimilation of accumulated hydrophobic contaminants by biota have fueled interest in evaluating the sources and eventual
fate of micro-plastics. However, current efforts are greatly hindered by
a dearth of sensitive and high-throughput analytical methodologies for
determining the distribution of plastic particles in marine environments.
Namely, current methods require plastic particle isolation and counting, a
poorly automated and laborious approach which greatly hinders investigation of large sample sets. To circumvent these previous challenges, we
have investigated the potential of using aryl phosphite secondary antioxidants (i.e., tris(2,4-di-tert-butylphenyl) phosphite, tris(4-nonylphenyl)
phosphite) and their transformation products as molecular markers
for plastic particles in marine sediments. Aryl phosphites are trivalent
organophosphorus compounds applied at high levels (~0.2 wt%) during
plastic processing to limit autoxidation by reaction with peroxides to form
corresponding phosphates. Both phosphite and phosphate compounds
are susceptible to ester hydrolysis, resulting in the formation corresponding diaryl phosphites and phosphates. In order to investigate the
applicability of aryl phosphites as molecular markers for plastic particles
in marine sediments, we developed a methodology for the quantitative determination of aryl phosphites and their primary transformation
products utilizing Soxhlet extraction, gel-permeation chromatography,
and high performance liquid chromatography-high resolution mass spectrometry. Aryl phosphite sources and fate during early diagenesis were
investigated through analysis of age-dated marine sediment cores from
two coastal lagoons, differing in proximity to domestic wastewater discharges, located along the southwestern shore of Long Island. Laboratory
and field experiments simulating geochemical conditions (e.g., aerobic
and anaerobic biodegradation, photolysis) were conducted with both
solution phase and plastic associated aryl phosphites to determine rates of
(a)biotic transformations and rationalize observed distributions of parent
compounds and their primary transformation products.
250 Bioavailability of Fluoranthene Adsorbed to Microplastics
S. Au, S.J. Klaine, Clemson Univ / Inst of Environmental Toxicology
CUENTOX
Microplastics (MPs) are a widespread and ubiquitous contaminant in
aquatic ecosystems. MPs are in the same size fraction as most sediment
particles and microorganisms, allowing them to be easily ingested by a
variety of organisms. Aquatic invertebrates play a vital role as primary
consumers in the food web and this may be adversely affected by the
presence of plastic debris in both the water column and benthos. Further,
ingested MPs may have organic contaminants adsorbed to them and
may influence the bioavailability of these contaminants. The potential
for MPs to alter the bioavailability of contaminants has been studied in
very few organisms. Polycyclic aromatic hydrocarbons (PAH) are a class
of persistent organic pollutants that are ubiquitous in aquatic ecosystems. Fluoranthene (FLU) is one of the USEPA’s 16 priority PAHs, and
it’s hydrophobic characteristic allows it to sorb easily to sediment and
organic matter; this parameter suggests that it will sorb to the hydrophobic surfaces of most MPs. The goal of this research was to characterize
the bioavailability of MP-adsorbed FLU. Adsorption/desorption isotherms for FLU and pristine polyethylene MP beads were characterized,
demonstrating that FLU sorption may vary greatly depending on the
polyethylene MP. The bioavailability of FLU adsorbed to polyethylene
MPs to the marine copepod, Amphiascus tenuiremis, was characterized
during 7-day bioassays. Exposures to FLU-saturated MPs resulted in
increased FLU body burdens in the aquatic invertebrate A. tenuiremis.
Increasing exposures to FLU-saturated polyethylene MPs also resulted
in a dose-dependent increase in mortality (≥40,000 MPs/mL); there was
no survival in any of the replicates exposed to 80,000 FLU-saturated
MPs/mL.
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251 Does microplastic in sludge pose a risk to terrestrial
environments?
A. Palmqvist, K. Syberg, Roskilde Univ / Dept of Environmental Social and
Spatial Change
In the recent years there has been increasing focus on plastic contamination of the marine environment, and in the last couple of years a
number of publications have pinpointed that also freshwater systems
may be at risk from microplastics (MPs) e.g., released from wastewater
treatment plants. Up until now MP pollution has rarely been considered a problem for terrestrial environments. However, due to the need
to preserve and reuse phosphate for agricultural purposes, wastewater
sludge is used in many countries for soil amendment, and this practise
makes certain demands on sludge quality. Due to the processes taking place in wastewater treatment plants, MPs tend to settle out in the
sludge compartment together with organic resources, which in principle
is beneficial because it reduces the amount of MPs in the effluent water.
However, when sludge is reused for soil amendment deposited plastics
will be added to agricultural land, and because plastics are slowly broken
down it may accumulate in soils. We currently know very little about the
potential risk of such plastic accumulation. In this presentation we will
give a short introduction to what we know including some preliminary
studies on both type and amount of plastics in Danish wastewater sludge
prepared for agricultural use. These studies show that fibres are the
major contributor to plastic contamination of wastewater sludge, whereas
primary MPs (i.e., plasticbeads) play a minor role. Since technological
solutions to prevent MPs from settling out in the sludge, or subsequently
remove MPs from sludge, are not straight forward, there is a need to
consider alternative solutions for example removal of plastic debris with
thermic sludge treatment prior to soil amendment or wastewater treatment at the source e.g., when designing new washing machines. We will
also present the results of recent experiments on epigeic earthworms,
carried out in our laboratory, studying the effects of MPs alone and in
combination with other environmentally relevant contaminants. These
studies among other things suggest that we may need to adjust procedures in standard test guidelines for assessing the hazard of plastic
particles. In conclusion, studies so far suggest that MPs will end up in
the terrestrial environment, and in particular on agricultural land, but
knowledge on hazard and eventual risk of MPs for terrestrial organisms
is largely missing.

Scientific Approaches to Support Restoring
Great Lakes Areas of Concern and
Addressing Beneficial Use Impairments
252 Delisting the Deer Lake Area of Concern - An evaluation of
actions and strategies for removing the fish consumption impairment
M. Loomis, USEPA / GLNPO
The Great Lakes Restoration Initiative (GLRI) is managed through
USEPA’s Great Lakes National Program Office and sets goals for
removing Beneficial Use Impairments (BUIs) within Areas of Concern
(AOC) and ultimately removal of those impairments prior to delisting of
an AOC. This case study discusses the critical elements which form the
basis for delisting of the Deer Lake Area of Concern. The study focuses
on evaluations of: (1) AOC-wide mercury input and source control
analysis, (2) implementation of source-control projects under GLRI, (3)
evaluation of long term monitoring data used to remove fish consumption impairments. The case study discusses the targeted approach used to
identify major controllable sources of mercury into the Deer Lake AOC.
Once major sources were identified, USEPA implemented phased “management action” projects to remove the last remaining point source of
mercury to Deer Lake. Implementation of critical actions plays a role in
evaluating and supporting removal of beneficial use impairments. Long
term monitoring data of mercury fish tissue concentrations were utilized
to show the measure of progress for impairment removal. Monitoring
data from the State of Michigan was used to create trends of mercury in
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several target fish species including walleye and northern pike. The study
identifies the other potential strategies for fish consumption monitoring and rationalize why a trend approach was chosen for the Deer Lake
Area of Concern. The structure and quantity of data did not support
the use of discrete statistical comparisons for this AOC. The case study
also helps identify distinctions in fisheries management restrictions (like
catch-release), health-based consumption restrictions, and beneficial use
impairment restrictions (“fish consumption”). All of these components
feed into the past of the Deer Lake AOC and the future of the Deer
Lake fishery.
253 The complexity of success: A case study of the potential short-term
and long-term impacts of remediation at the Upper Trenton Channel
AOC
R.R. Otter, Middle Tennessee State Univ / Biology; A.P. Mucha, USEPA
/ Great Lakes National Program Office; D. Walters, USGS / Fort Collins
Science Center; M. Mills, USEPA
Great Lakes AOCs are managed in a unique fashion that focuses on a
defined set of beneficial use impairments (BUIs). Since AOCs do not use
a traditional risk-based model for management, defining success can be
quite complicated, especially at AOCs that are listed for multiple BUIs.
For this work, a case study of the Upper Trenton Channel (in the Detroit
River AOC), a site listed for multiple BUIs, was completed with the goal
of estimating the short- and long-term impacts of a remediation event
(sediment dredging and capping) at the site. Analysis showed immediate impacts on multiple BUIs, including the potential for an increased
impairment for one BUI, restrictions on fish and wildlife consumption.
The potential impacts, both positive and negative at an AOC due to a
single remediation event can be directly attributed to the interconnectedness of many BUIs. A discussion of this case study will also include
the implications of these finding, from both a site and non-site specific
viewpoint.
254 Weight-of-evidence approach using chemical and biological
metrics to evaluate tributaries to the Niagara River
M. Mills, B. Crone, USEPA; B. Duffy, New York State Dept of
Environmental Conserv; K.J. Fetters, Univ of Michigan / School of Natural
Resources and Environment; A. Hannes, US Army Corps of Engineers
Buffalo District; E. Johnson, NOAA NCCOS CCMA / National Centers
for Coastal Ocean Science Center for Coastal Monitoring and Assessment;
K.L. Kimbrough, NOAA National Ocean Service / National Centers for
Coastal Ocean Science Center for Coastal Monitoring and Assessment; R.
Klaper, Univ of Wisconsin-Milwaukee / School of Freshwater Sciences; J.M.
Lazorchak, USEPA / Office of Research and Development; N. Neureuther,
Univ of Wisconsin Milwaukee / School of Freshwater Sciences; R. Yeardley,
USEPA / Office of Research and Development Cincinnati
Using a multimetric approach, a weight-of-evidence assessment was
performed on contaminants in the tributaries of the Niagara River. An
interagency, transdisciplinary team of researchers from USEPA, NOAA,
NYSDEC, USACE, and University of Wisconsin-Milwaukee conducted a sampling campaign on 7 major US tributaries to the Niagara
River Area-of-Concern (AOC). Past industrial and development activity
has contributed to degradation of the Niagara River system via physical alterations of habitat and introduction of anthropogenic chemicals.
Originally, five beneficial use impairments (BUIs) were listed for the
AOC: 1) restrictions on fish and wildlife consumption, 2) fish tumors or
other deformities, 3) degradation of benthos, 4) restriction on dredging
activities, and 5) loss of fish and wildlife habitat. Chemical contamination includes PCBs, PAHs, mirex (dechlorane), chlordane, dioxins, and
other regulated and emerging contaminants. The purpose of the collaborative study was to evaluate a weight of evidence approach to assess and
rank the contributions of contaminants from the tributaries to the main
stem of the Niagara River. This presentation focuses on the comparison
of multiple chemical and biological metrics such as: tissue chemistry
for legacy and emerging contaminants in ecological receptors (mussels
and macrobenthos), biotic condition indicators for macrobenthos (e.g.,
NYSDEC biotic assessment protocol, species richness, tolerant/intolerant species) sediment chemistry, water chemistry using passive samplers
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for legacy contaminants, and forensic chemistry evaluating sources.
Ultimately, following comparison of the metrics, a weight–of-evidence
approach will be used to rank sites with regard to their impact on conditions (chemical and biological) within the Niagara River.
255 Issues Related to Removal of the Fish Tumor Beneficial Use
Impairment at Ashtabula Ohio
A.P. Mucha, USEPA / Great Lakes National Program Office; M. Mills,
USEPA; E. Maack, School of Natural Resources and Environment; T.
Conlin, Ohio EPA; M. O’Brien, USEPA / GLNPO
At Areas of Concern, one of the potential beneficial use impairments, or
BUIs is fish tumors or other deformities. As with all BUIs, removing the
fish tumors BUI requires overcoming both technical and policy challenges. In the case of Ashtabula, understanding the age distribution of
the key fish species, relating trends to remediation events, and assessing
the importance of neoplasms versus actual tumors are among the key
technical issues. From a policy perspective, generating the right dataset
amongst different entities, and how to draft workable implementing
delisting criteria. The latest data for this BUI will be presented highlighting the technical and policy challenges currently being addressed at
Ashtabula.
256 Assessing Historical and Emergent Sediment Contamination in
Three Lake Ontario Areas of Concern
K. Stevack, Univ of Waterloo / School of Environmental Sciences; P.K.
Sibley, Univ of Guelph / School of Environmental Sciences; D.G. Poirier,
Ontario Ministry of the Environment / Laboratory Services Branch
The sustainability of the Great Lakes is of great importance to both
Canada and the United States, with both nations working towards
restoration of beneficial use in Areas of Concern (AOCs). Contaminated
sediment has been identified as one of the major impediments to the restoration of many AOCs in the Great Lakes. The three AOCs within the
Lake Ontario watershed investigated as part of this project are the metro
Toronto Harbour region, Hamilton Harbour, and Lyons Creek (Niagara
River). These sites each present a unique set of beneficial use impairments
in relation to sources and type of sediment contamination, and each has a
unique Remedial Action Plan geared toward beneficial use improvement.
In this study, we applied a sediment quality tetrad (SQTet) to provide a
weight-of-evidence assessment of the current sediment contamination
for these AOCs and compare these to historical contamination levels
and impacts. The SQTet includes assessment of bulk sediment chemistry, toxicity testing, benthic community analysis, and bioaccumulation
potential. Results to date show continued concern surrounding PAHs
in Toronto and Hamilton Harbour sediments, with at least one site
elevated above the severe effect level for Provincial Sediment Quality
Guidelines in Toronto, and all three exceeding in Hamilton. PCBs also
continue to be a concern in some areas of Hamilton Harbour, and have
resulted in acute toxicity in sediments collected from Lyons Creek. A
comprehensive assessment of the current state of impairment for these
sites and comparisons with historical data sets will determine if current
remedial actions have had a positive impact toward the goal of delisting
each AOC.
257 Use of macroinvertebrate biotic condition and tissue contaminant levels to assess and rank tributaries to the Niagara River Area of
Concern
J.M. Lazorchak, USEPA / Office of Research and Development; B. Duffy,
New York State Dept of Environmental Conservation; R. Yeardley, USEPA
/ Office of Research and Development Cincinnati; M. Mills, USEPA; K.
Fetters, USEPA / Office of Research and Development / Univ of Michigan;
B. Crone, USEPA; K.L. Kimbrough, E. Johnson, NOAA / National Centers
for Coastal Ocean Science Center for Coastal Monitoring and Assessment; N.
Neureuther, Univ of Wisconsin-Milwaukee / School of Freshwater Sciences;
A. Hannes, US Army Corps of Engineers Buffalo District
In the summer of 2014, NOAA’s National Centers for Coastal Ocean
Science, USEPA’s Office of Research and Development, New York State
Dept of Environmental Conservation (NYSDEC), US Army Corps of

Engineers (USACE) and the UW Milwaukee, conducted a study on
the tributaries to the Niagara River AOC. There are 7 major tributaries that feed the upper Niagara River from the eastern New York State.
Chemical contamination includes PCBs, mirex (dechlorane), chlordane,
PAHs, dioxin and other contaminants. In 1987, Environment Canada
(EC), USEPA, the Ontario Ministry of the Environment (MOE) and
NYSDEC, signed the Niagara River Declaration of Intent (DOI), to
adopt and implement a toxics reduction plan. Originally five beneficial
uses impairments were identified including: 1) restrictions on fish and
wildlife consumption, 2) fish tumors or other deformities, 3) degradation of benthos, 4) restriction on dredging activities, and 5) loss of fish
and wildlife habitat. The purpose of this portion of the study was to use
a multi indicator approach to assess and rank the contributions of contaminants and biotic condition of 7 tributaries (excluding Buffalo River).
This presentation will focus on the use of 2 indicators, Biotic Condition
as calculated by metrics and indices used by NYSDEC for macroinvertebrates collected by 3 plate six inch artificial substrates (Hester Dendys
(HDs) as well as 11 plate 5 inch HDs and body burden concentrations
measured in macroinvertebrate tissues collected off of 5 inch HDs. The
Biotic Condition Indicators that we focused on were NYDEC’s Biotic
Assessment Profile (BAP), Species Richness, % tolerant and % intolerant organisms. The body burden concentrations used were Total PCBs
and Total PAHs. Eight sample locations were initially assessed using
these indicators separately and then by an overall ranking which was the
sum of the ranks for each of the biotic condition metrics and the ranking of the PCB and PAH concentrations. The BAP and other metrics
calculated for the NYDEC water column deployed HDs compared very
well with the same metrics calculated for the sediment deployed EPA
HDs. Therefore, the metrics were averaged for the 2 HD deployments
over the 3 deployment events conducted between July and September
2014. The overall ranking resulted in the following order from highest
to lowest concentrations plus lowest to highest BAP scores: Two mile,
Scajacquada, Ellicott, 2 Gill stations, 2 Tonawanda stations and Cayuga
creeks.
258 Determining the Impacts of Toxins in the Great Lakes Using
Biomarkers of Dreissenid Mussels
N. Neureuther, Univ of Wisconsin Milwaukee / School of Freshwater
Sciences; E. Johnson, NOAA / National Centers for Coastal Ocean Science
Center for Coastal Monitoring and Assessment; K. Kimborough, NOAA
/ NCCOS CCM; A.P. Jacob, NOAA National Ocean Service / National
Centers for Coastal Ocean Science Center for Coastal Monitoring and
Assessment; R. Klaper, Univ of Wisconsin-Milwaukee / School of Freshwater
Sciences
Benthic community health is important not only for the ecosystem
health of the Great Lakes, but impacts on benthic organisms are
part of Beneficial Use Impairment (BUIs) designations for Areas of
Concern. NOAA’s NCCOS Mussel Watch Program monitors chemical
pollution in the near shore zones of the Great Lakes and under the Great
Lakes Restoration Initiative has included measures in Areas of Concern
(AOC) around the Great Lakes. Our research builds on the chemical
presence information by adding information on the health of mussels
within these AOCs versus other long-term reference sites. This includes
a multi-agency project in both the Manistique and Niagara River AOCs.
Contaminants in these river systems include PCBs, PAHs, pesticides and chemicals of emerging concern. In this project we examined
genomic biomarkers related to stress, reproduction, and general physiology in dreissenid mussels in sites that have been remediated to compare
to reference and heavily contaminated sites to determine if remediation
efforts impact the health of mussel species. Data indicate that a combination of biomarkers rather than single biomarkers provide an indication of
contamination and stress and relate to remediation efforts.
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259 Environmental Enhancements to the Milwaukee Harbor
Breakwater
B. Suedel, US Army Corps of Engineers / CEERD-EPR; H. Harrington,
US Army Corps of Engineers / Detroit District; J. Janssen, Univ of
Wisconsin Milwaukee; C. Banks, US Army Corps of Engineers ERDC; A.
Friona, US Army Engineer Research and Development Center
The Corps has over 107 miles of navigation structures (breakwaters, piers
and jetties), including structures at most of the U.S. Great Lakes Areas
of Concern (AOC). These structures already provide some beneficial
habitat for fisheries and waterfowl; however, this aspect is an unintentional attribute rather than integral to design. Traditionally, when
new structures are built or existing ones are maintained, the primary
objectives are to meet the navigation safety objectives while minimizing
adverse environmental impacts. Our goal was to add additional objectives, investigating opportunities to design or maintain the structures
such that they provide increased sustainability such as enhancing
fish spawning habitat. This addition would support the Corps and
Great Lakes stakeholders by providing low-cost measures that could
be implemented as part of routine maintenance, scheduled repairs or
modifications. This project developed an approach that broadens the
environmental and social benefits that are provided by the Milwaukee
Harbor, WI breakwater that were easily integrated as part of ongoing
maintenance. This breakwater fish spawning habitat demonstration
project is determining whether suitable habitat can be created as part
of the harbor breakwater by making simple, low cost modifications to
the design of the stone used to repair the breakwater. The modified
design includes incorporating a gently sloped spawning bed of 8-18”
stone topped with 4-8” cobble on the harbor side of the structure that is
500’ long by 10-15’ wide. Normally, 6-10 ton stone is used to maintain
the breakwater, as defined by the wave forces experienced on the lake
side of the structure. Because the harbor side does not experience such
forces, a smaller stone size more suitable for fish habitat was installed.
Use of the site by fish and invertebrate forage species will be monitored
using techniques including egg traps, micromesh gill nets, and visual
documentation. The project intends to provide a means of increasing the
availability of spawning habitat for species such as walleye, lake sturgeon
and lake trout, and foraging areas for species including smallmouth bass
and whitefish, thus contributing to long-term sustainability of these
species and providing fish spawning habitat currently lacking in the
Milwaukee Harbor.

Advancements in the Field of Passive
Sampling: Unique Applications and Novel
Developments – Part 2
260 Evaluation of various polymers for equilibrium passive sampling
of moderately hydrophobic emerging pollutants in water
Y. Hong, SCCWRP, UCR, Inst of Urban Environment, Chinese Academy
of Sciences; W. Lao, D. Tsukada, K.A. Maruya, Southern California Coastal
Water Research Project; J. Gan, Univ of California, Riverside / Dept of
Environmental Science
Passive sampling devices (PSDs) are powerful tools to measure freely
dissolved contaminants (Cfree) in water and sediment. However, PSDs
have not been sufficiently developed for moderately polar contaminants,
i.e. those with logarithmic octanol-water partition coefficient (log Kow)
ranging from 2 to 5. The goal of this study was to evaluate three polymer
films for measuring Cfree of the insecticide fipronil and its three major
degradates as model compounds under equilibrium sampling conditions. Polymethylmethacrylate (PMMA) exhibited the highest affinity
for fipronil and its degradates compared to polyethylene (PE) and
nylon-6. Equilibrium between the target analytes and PMMA film was
rapidly established (within 24 h) under laboratory conditions. Identical
PMMA-water partition coefficient (Kpw) values were estimated by the
equilibrium concentrations and from a first-order kinetics equation (R2
> 0.83) that was also used for PE. The average log Kpw of fipronil and
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its three degradates was 3.37 ± 0.32. In addition, we observed a tenfold
increase in sorption capacity of PMMA after a 30-min swelling treatment in ethyl ether. We hypothesize that swelling modified the polymer
matrix and surface structure as revealed by topography images taken by
an atomic force microscope. We further applied PMMA for measurement of Cfree for fipronil in situ in an urban waterway and also ex situ
for spiked sediments.
261 Air-water exchange, spatial and temporal trends of PBDEs along
an urban River using passive samplers
M. Khairy, R. Lohmann, Univ of Rhode Island / Graduate School of
Oceanography; K. Barrett, Manhattan College
Passive low density polyethylene (LDPE) samplers were deployed at six
different locations along the lower Passaic River (NJ, USA) covering the
region from the Dundee Dam to Newark Bay. Six sampling campaigns
(∼2 months each) were performed during September, 2011 through
November, 2012. LDPE samplers were extracted and analyzed for
PBDEs by GC-MS/MS. Estimated freely dissolved PBDE concentrations (average of the six deployments at each location) ranged from 13
ng/L to 35 ng/L. Except for lower concentrations located above Dundee
dam, all the other samples showed comparable concentrations with
slight variations. Dissolved PBDE concentrations recorded during the
different deployment periods at each location were found to significantly
increase with increasing the water temperature (r range: 0.71-0.92 at p <
0.01) indicating a shift in the dissolved phase-particulate partitioning of
PBDEs towards the soluble phase at higher temperatures. Alternatively,
warmer temperatures could have increased biological activity in the
sediments, leading to enhance release of contaminants from porewater.
As for the congener patterns, PBDEs in all the deployment periods
above the dam, at mile 12 and mile 8.6 were dominated by BDE-47
with a contribution ≥ 40 % of the total PBDE concentrations followed by
BDE-2 (13-24 %) and BDE-99 (11-15 %). Closer to the Superfund site
(miles 5.5, 4.2) reaching to Newark Bay (NB), PBDEs were also dominated by BDE-47 (38-41 %), BDE-49 (14-17 %), BDE-2 (9-13 %) and
BDE-99 (10-13 %). BDE-49 significant contribution observed at these
samples can be also observed in the sediment samples, where samples
collected from the same locations had a considerable contribution from
BDE-49 as compared to the other samples. Gaseous PBDE concentrations ranged from 0.8 to 1.5 pg/m3, with only slight variations observed
in detected gaseous PBDE concentrations between the sampling locations. The highest concentration was observed at mile 18 above Dundee
Dam, whereas the lowest concentration was observed at mile 5.5. PBDE
concentrations during the six deployments at each site increased with the
increase in the atmospheric concentration (r: 0.6-0.96). All the deployed
passive samplers were dominated by the lower brominated congeners
namely BDE- 2 (17-84 %) > BDE-15 (1-30 %) > BDE-8 (3-29 %), with a
considerable contribution from BDE-28 (3-28 %) and BDE-47 (2-19 %)
only at mile 4.2 and Newark Bay during June–August deployment (highest atmospheric temperature).
262 Transforming Epidemiological Studies: Using Passive Wristband
Samplers to Measure Environmental Contaminant Exposure
H. Dixon, Oregon State Univ / Environmental and Molecular Toxicology;
L. Kincl, Oregon State Univ / College of Public Health and Human Sciences;
D. Camann, Southwest Research Inst; J. Herbstman, Columbia Univ /
Public Health; K.A. Anderson, Oregon State Univ / Environmental and
Molecular Toxicology
Measuring an individual’s exposure to environmental toxicants is a vital
component in determining environmental health effects. However, there
is currently a lack of inexpensive, easy-to-use technology to accurately
assess personal exposure to contaminants. Epidemiological studies
primarily rely on questionnaires, urine biomarkers, and active air sampling devices to evaluate toxicant exposure. However, these approaches
present high costs and only have the capacity to measure a handful of
chemicals. Active sampling devices, such as an air monitoring backpack (AMB), are also bulky and interfere with participants’ lifestyles.
Common silicone wristbands could transform how researchers assess
individual exposure to chemicals. Current research in our laboratory
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demonstrates that pre-treated passive wristband samplers (PWSs) have a
~90% compliance rate and can provide time integrated concentrations of
over 1200 contaminants. In this study, collaborating with the Columbia
Center for Children’s Environmental Health (CCCEH) provides a
unique opportunity to evaluate the PWS alongside traditional exposure
monitoring tools. The CCCEH has extensively studied the relationship between polycyclic aromatic hydrocarbon (PAH) exposure during
pregnancy and adverse health effects in children via birth cohorts in New
York. To compare the novel PWS with CCCEH’s conventional methods
for PAH assessment, sixteen pregnant women wore both PWSs and
AMBs for 48 hours. One hypothesis was that PAH exposure measured
by the PWS would be equivalent to the AMB in regards to precision
and accuracy. The PWS extracts, containing chemicals from skin, water,
and air, were analyzed for 62 PAHs using GC/MS-MS at Oregon State
University. The AMB extracts, containing chemicals from solid particles and air, were analyzed for 20 PAHs using GC/MS at Southwest
Research Institute. Comparing the PAH results from both the AMBs
and PWSs, results suggest a majority of subjects classify into the same
tertile exposure groups with >45% accuracy. Relative standard deviation
analyses demonstrate that the PWS offers equal precision in comparison
to the AMB for about one-half of the PAHs quantitated. Interestingly,
six PAHs that were not found in the AMBs, but were tested for, were
consistently detected in the PWSs. The PWS, in combination with
further analytical refinement, will be an asset to epidemiological studies
and provide researchers with more chemical exposure information than
conventional methods.
263 Integrative Passive Sampling for Quantitatively Estimating
Pulsed Pesticide Exposures in Aquatic Systems
S.A. Morrison, J.B. Belden, Oklahoma State Univ / Integrative Biology
The overall objective of this research is to develop an integrative passive
sampler (IPS) that accurately measures time-weighted average (integrative) concentrations of organic contaminants in aquatic environments
following a pulsed (episodic) exposure. For the purposes of this research,
a pulsed exposure pertains to the rapid introduction of a contaminant to
an aquatic system through either spray drift or accidental direct spraying during crop application. The term “pulse” is used to describe the
phenomenon of exposure duration lasting less than 4 days (96 h) due to
contaminant partitioning or degradation from the water column, thus
reducing bioavailability. These rapid pulses are not adequately measured
with common IPS designs, e.g., polar organic chemical integrative
samplers (POCIS), due to long integration times (28 d) and poor uptake
of hydrophobic chemicals. Thus, specific emphasis should be placed on
optimization of an IPS design and protocol for better estimation of dose
metrics during short exposures of current use pesticides covering a range
of hydophobicities. Investigations were be based on two approaches:
1) optimization of an IPS design to reduce diffusion rate limitations
and increase sampling rates under environmental conditions; 2) testing
potential performance reference compounds (PRCs) to measure in-situ
sampling kinetics allowing for adjustments of sampling rates. Results
will be discussed in perspective to pulsed exposures.
264 Calibrating a polydimethylsiloxane passive air sampler for measuring indoor SVOCs
J.O. Okeme, Univ of Toronto / Physical and Environmental Sciences; A.
Abdollahi, Islamic Azad Univ Isfahan / Dept of Environmental Chemistry;
A. Saini, Univ of Toronto / Dept of Physical and Environmental Sciences;
S. Dhal, Univ of Toronto / Dept of Earth Sciences; L.M. Jantunen,
Environment Canada; M.E. Shoeib, Environment Canada / Atmospheric
Science and Technology Directorate; M.L. Diamond, Univ of Toronto / Dept
of Earth Sciences
Passive air samplers (PAS) are increasingly employed for monitoring
semi-volatile organic compounds (SVOC) concentrations although less
work has been done on their use indoors. We report on passive air samplers consisting of polydimethylsiloxane (PDMS) and a newly designed
PDMS coated with XAD (PDMS-XAD), in comparison to the popular
polyurethane foam (PUF) with a single bowl shelter. An indoor air
calibration study was conducted to determine passive sampling rates by

deploying these PAS and comparing with air concentrations measured
using two low-volume active air samplers analyzed for gas and particle
phases separately. Analytes of interest are brominated and organophosphate flame retardants, phthalate esters and PAHs. The study extended
for 50 days. Surface-area normalized uptake rates of PDMS were
comparable to PUF using the single bowl shelter, ranging between 0.6 to
1.5 m3 day-1 dm-2 for brominated flame retardants and phthalates. The
advantage to using PDMS, and particularly PDMS-XAD is the ability
to sample for more target analytes.
265 Multi-Analyte Passive Samplers with Tissue Mimicry to Measure
the Bioavailability of Contaminants
P.L. Edmiston, The College of Wooster / Chemistry; S.L. Dean, ABS
Materials Inc.
Evaluation of a new type of biomimic passive sampler for water and sediment sampling is being evaluated as part of SERDP project ER-2541.
The sampler is based on porous-elastic organosilica sorbents which are
swollen with triolein to mimic the tissues of benthic organisms. The
media is designed to simultaneously measure both organic and metal ion
contaminants in water and sediment. Interior surfaces of organosilica
matrix are functionalized with thiol groups to mimic the metal ion binding proteins found in biological systems. Adsorbed organic contaminants
can be recovered by solvent rinse whereas the metals are subsequently
desorbed via acid rinse. In this manner, the sampler media mimics fish
tissue, but is molecularly engineered to be non-degradable and robust.
The sampler can be loaded with organic and inorganic performance
reference compounds for improved quantitation. The purpose of the
samplers to determine bioaccessibility of contaminants by depleting both
the reversibly bound fraction (Crev) and freely dissolved pools (Cfree)
as would occur on an organismal level. Simultaneous measurement of
both Cfree and Crev allows for measurement of bioaccessibility without
significant use of modeling. Within a regulatory context, this can allow
decisions to made on the extent of accessible contaminant loads instead
of relying Ctotal. Since Ctotal may drastically overestimate environmental impact, such data may likely improved decision making capabilities.
Samplers have been tested for the simultaneous measurement PCBs,
dioxins, RDX, TNT, Cu2+, Zn2+, and Pb2+.
266 Calibration of a novel passive sampler for the measurement of 34
polar organic contaminants in aquatic systems
J.K. Challis, Univ of Manitoba / Chemistry; M.L. Hanson, Univ of
Manitoba / Dept of Environment and Geography; C.S. Wong, Univ of
Winnipeg / Richardson College for the Environment
Current passive sampling designs for polar organic contaminants in
water lack the ability to easily adjust uptake rates for differing environmental conditions (e.g., flow rate). Without an extensive laboratory or
in-situ calibration for each study, qualitative concentration estimates
often result. This issue significantly reduces the overall applicability
of current polar passive samplers. The diffusive gradients in thin films
(DGT) sampler, popular for metals sampling, is largely insensitive
to effects of flow on sampling rates due to the inclusion of a ratelimiting diffusive gel. In this study, we calibrate for 34 polar organic
contaminants (pharmaceuticals and pesticides) using the analogous
organic-DGT or o-DGT. Development and calibration of o-DGT was
done in the laboratory for a group of 34 analytes including synthetic
estrogens, antidepressants, antibiotics, as well as a number of pesticides.
Conventional DGT samplers were converted to o-DGT by modifying the binding gel with Oasis HLB, a common sorbent used in polar
passive samplers (e.g., POCIS). 1.5% agarose gels were used for both
diffusive and binding gels. To obtain sampling rates of the analytes, diffusion coefficients (D) through a 0.75 mm diffusive gel were determined
at 5, 13, and 23oC using a diffusion cell. D-values ranged from (1.025.25)x10-6 cm2/s. Empirical models were generated by linear regression
analysis of diffusion-temperature plots and showed good linearity for
all 34 analytes, allowing D-values to be calculated at any temperature.
Validation of the o-DGT sampler was done in a 40 L tank spiked at 2
µg/L (nominal) and renewed every 24-48 hours over 25 days. Samplers
were rotated through the tank at a flow rate of 1-2 cm/s. The majority
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of our 34 analytes remained in the linear region of sampler uptake for
approximately three weeks. The diffusive boundary layer (DBL) was
estimated to introduce 20-25% error into water concentrations as a result
of a 0.23 mm DBL. Sampling rates (RS, mL/d) modeled by diffusion
coefficients agreed very well (< 20% error) with total RS determined in
the calibration experiment, and were generally around 10 mL/d. These
results illustrate the promise of the o-DGT to potentially eliminate the
need for in-situ calibration, and provide a widely applicable, modelamenable passive sampler with increased ease of use, reliability, and
reproducibility, for polar organics in the aquatic environment.

Birds as Indicators of Ecosystem Health:
Investigations of Molecular to Population
Level Effects of Contaminant Exposure
267 In Vitro Metabolism of Tetradecabromo-1,4-diphenoxybenzene
Flame Retardant and Photodegraded By-products in a Herring Gull
Hepatic Microsomal Assay
G. Su, R.J. Letcher, Environment Canada / Ecotoxicology and Wildlife
Health Division; A. Greaves, Carleton Univ / Chemistry
Very recently, we identified a group of novel methoxylated polybrominated diphenoxybenzene (MeO-PB-DiPhOBz) contaminants in
herring gull (Larus argentatus) maternal tissues and their eggs from the
Laurentian Great Lakes of North America, and these newly discovered MeO-PB-DiPhOBz congeners were found to be contaminants in
herring gull eggs for at least the past 30 years. In terms of its chemical
structure similarity with tetradecabromo-1,4-diphenoxybenzene (TeDBDiPhOBz) flame retardant, we hypothesized that MeO-PB-DiPhOBzs
are degradation products of TeDB-DiPhOBz. Further studies demonstrated that this highly brominated polyphenyl ether compound can
photolytically degrade very quickly when exposed to artificial UV-A, -B,
-C or natural sunlight. A recent and extremely important finding that we
made was that degradation of TeDB-DiPhOBz and BDE-209 in solution
by natural sunlight can generate by-products that affect in vitro expression of genes, especially aryl hydrocarbon receptor (AhR)-mediated
CYP1A4 mRNA expression with an induction of up to thousands of
fold. Even though there has been progress, the TeDB-DiPhOBz flame
retardant to MeO-PB-DiPhOBz contaminant connection in herring gull
is presently not fully resolved. In the present study, we hypothesized that
MeO-PB-DiPhOBzs, with a specific methyl group, originate from the
degradation/biotransformation and TeDB-DiPhOBz and its debrominated by-products. TeDB-DiPhOBz and its photodegraded by-products
were incubated with hepatic microsomes, isolated from female herring
gulls from Lake Huron, to determine enzyme-mediated metabolism and
the metabolites formed. This work highlights the importance of biological transformation and environmental risks of TeDB-DiPhOBz, which is
an alternative FRs to BDE-209 that was added to the list of exemptions
in polymeric product applications.
268 Relationships between PBDE concentrations and activity and
transcription of type 1 deiodinase in liver of a highly flame retardantexposed gull
A. François, Univ of Québec at Montreal TOXEN / Dept of Biological
Sciences; R. Técher, Univ of Québec in Montreal / Dept of Biological Sciences;
M. Houde, Environment Canada / Centre SaintLAurent; P. Spear, J.
Verreault, Université du Québec à Montréal / Biological Sciences
Deca-brominated diphenyl ether (deca-BDE) mixture, composed mainly
of BDE-209 (~97%), is currently subject to usage restrictions in North
America, although no global action has been undertaken at this time.
High PBDE concentrations, especially BDE-209 and other highly
brominated congeners, have been reported in liver of ring-billed gulls
breeding near Montreal, QC, Canada. In vivo debromination of BDE209 leading to the formation of occasionally more toxic and persistent
lower brominated congeners (e.g., penta- to nona-BDE), has been
observed in a few bird species. However, the enzyme system involved
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in this metabolic transformation has as yet to be confirmed. Previous
study from our laboratory revealed no depletion of BDE-209 over the 90
min frame of an in vitro assay targeting activation of cytochrome P450
(CYP) isoenzymes. This led to the conclusion that CYPs are not involved
in BDE-209 debromination in ring-billed gulls liver microsomes.
Deiodinases (type 1, 2, and 3) are a class of selenoproteins in vertebrate
catalyzing the conversion of thyroid hormones in peripheral tissues.
Because PBDEs and thyroid hormones share important structural
similarities, deiodinases have been suspected to be involved in BDE-209
debromination in birds. The aim of the present study was to investigate
the relationships between PBDE accumulation, type 1 deiodinase (D1)
transcription and in vitro activity (microsomes) in liver of adult breeding ring-billed gulls. Results showed that in vitro D1 activity in male
liver microsomes was significantly higher compared to females, whereas
females tended to have higher D1 transcription levels than males. Birds
exhibiting highest D1 activity accumulated the highest concentrations of
hepta- and octa-BDEs in liver. Moreover, positive correlations between
D1 activity and concentration ratios of BDE-209 to sum hepta- and
octa-BDEs suggested that D1 is involved in the sequentially in vivo
debromination of BDE-209 in this species. However, no correlation was
found between D1 transcription levels and D1 activity or D1 transcription levels and PBDE concentrations. Furthermore, preliminary results
showed that D1 activity was reduced by 30% when microsomes were
co-incubated with BDE-209, suggesting that competitive inhibition may
occur for thyroxine metabolism. Ongoing work is being conducted to
confirm debromination of BDE-209 by using an in vitro D1 biotransformation assay in ring-billed gull liver microsomes.
269 Associations between organohalogen concentration, expression of
genes involved in thyroid regulation and thyroid hormones in highly
contaminated gulls
R. Técher, UQAM - TOXEN / Dept des sciences biologiques; J. Verreault,
Université du Québec à Montréal / Biological Sciences; M. Houde,
Environment Canada / Centre Saint-Laurent
Exposure to persistent organic pollutants such as organochlorines (OCs)
(PCBs and pesticides) and polybrominated diphenyl ethers (PBDEs) is of
high concern for avian wildlife in urbanized areas. High levels of PBDEs
surpassing those of PCBs have been reported in tissues of an omnivorous gull breeding in the Montreal area (Canada), the ring-billed gull.
Because of their structural similarities with thyroid hormones, PCBs
and PBDEs can disrupt the thyroid axis of birds through various modes
of action, including enhance glucuronidation and excretion of thyroxine
via stimulation of uridine diphosphate glucuronyltransferase, competition with transport proteins (transthyretin and albumin) and interactions
at the receptor level. Nevertheless, few studies have explored the links
between PBDE/OC exposure and thyroid axis disruption in birds
through investigation of gene expression. The objective of the present
study was to investigate the associations between tissue concentrations
of OCs and PBDEs, thyroid hormone levels, and selected genes involved
in thyroid axis regulation in the ring-billed gull. Analyses of contaminants in liver, plasma thyroid hormones and gene transcript levels in the
liver, thyroid and brain were carried out by GC-MS(ECNI), radioimmunoassay and qPCR, respectively. Results showed that the ratio of
total thyroxine to triiodothyronine was positively correlated with hepatic
concentrations of PCBs and PBDEs, which support thyroid hormone
homeostasis alteration. In the thyroid, transcript levels of several genes
were negatively correlated with liver PBDE and PCB concentrations
(e.g., type III deiodinase, thyroid peroxidase, and TRb). In contrast, in
the brain, transcript levels of TRa and TRb were positively correlated
with PCB concentrations, while transcript levels of transthyretin and
membrane transporter (OATP) were positively correlated with PBDE
concentrations. These results support previous studies indicating that
both PCBs and PBDEs may interfere with several components of the
thyroid axis (hormone synthesis, metabolism, transport, and action at
the receptor level). These findings also highlight potential compensatory mechanisms of the thyroid axis regulation in these birds exposed to
a wide array of contaminants that exhibit various modes of action and
interactions.
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270 Embryonic Exposure to Technical Short Chain Chlorinated
Paraffins (C10-13, 55.5%) Alters Thyroid-Related Parameters in
Hatchling American Kestrels
K.J. Fernie, Environment Canada / Ecotoxicology and Wildlife Health;
P.F. Henry, USGS / Beltsville Lab; R.J. Letcher, Environment Canada /
Ecotoxicology and Wildlife Health Division; V. Palace, Stantec Consultants
Ltd.; L.E. Peters, Univ of Manitoba / Fisheries and Oceans, Dept of
Environment and Geography; B.A. Rattner, S.L. Schultz, C.M. Maddox,
D. Sprague, USGS Patuxent Wildlife Research Center / Beltsville Lab;
D. Zaruk, E. Sverko, Environment Canada / National Laboratory for
Environmental Testing; N.K. Karouna-Renier, USGS Patuxent Wildlife
Research Center / Beltsville Lab
Short chain chlorinated paraffins (SCCPs) (C10 – C13) are complex
mixtures of polychlorinated n-alkanes, primarily used as flame retardants and in many industrial applications. Annual global consumption
is large (>25 tonnes/year) but has sharply declined since 1992. SCCPs,
released via wastewater, landfills, and air emissions, have been reported
globally in fish and tissues of marine mammals, as well as in some birds
from Europe and the European Arctic. The toxicity of SCCPs has been
demonstrated in aquatic species, but despite their reported accumulation
in wild birds, to our knowledge, exposure-related toxicities and effects
on avian wildlife remain unknown. Following approved procedures,
fertile eggs of captive American kestrels (Falco sparverius) were injected
with organic safflower oil (controls) or SCCP-TM mixed in safflower
oil into the aircell on embryonic d5, and at concentrations within levels
reported in wild bird eggs (10, 50 or 100 ng/g ww). A stock dosing
solution of SCCP-TM was prepared using a commercial SCCP-TM
solution, Chloroparaffin® (C10-13, 55.5% Cl, 100 µg/mL in cyclohexane; Dr. Ehrenstorfer GmbH, Augsburg, Germany). The 10 and
50 ng/g SCCP-TM safflower oil solutions were prepared serially from
the stock 100 ng/g dosing solution, and in sufficient volume for all egg
injections. Eggs were artificially incubated until hatching. From each
hatchling, blood was collected and organ somatic indices (SI) calculated.
Total thyroxine (TT4) and total triiodothyronine (TT3) concentrations
were analyzed in duplicate in plasma and right thyroid glands. At these
SCCP-TM concentrations, there were no significant effects on hatching
success, deformities, thyroid gland SI, or plasma TT4 or TT3, and glandular TT3 concentrations. However, the exposure to SCCP-TM reduced
glandular TT4 concentrations overall (♂ only) (p = 0.02), significantly for
males exposed to 10 or 50 ng/g ww of SCCP-TM, and directionally for
those exposed to 100 ng/g ww. Relative to control males, glandular TT4
levels were suppressed by 33%, 22% and 20%, respectively. Glandular
TT4 concentrations were negatively correlated with yolk sac mass (♂)
and the spleen and heart SIs (♀). The biological significance of these
correlations is unknown for kestrels, but warrants further investigation.
Assessment of additional endpoints is ongoing.
271 Characterizing contaminant exposure along the Central Flyway
and its effects on avian pre-migratory fuelling ability using two shorebird species
K. Bianchini, Univ of Saskatchewan - Toxicology Centre / Toxicology; D.
Newstead, Coastal Bend Bays & Estuaries Program; C.A. Morrissey, Univ
of Saskatchewan / Biology
Many migratory birds depend on key stopover sites along the Central
Flyway to refuel, and ultimately replenish the fat stores that sustain
subsequent migratory flights. Proper fuelling is important because it
increases a bird’s probability surviving migration. Similarly, fat deposition rates are positively correlated with migratory speed, and early arrival
at breeding grounds in the spring increases reproductive performance.
Therefore, migratory success and the demographics of migratory bird
populations are related to the ecological health of stopover sites along
the Central Flyway. Unfortunately, these sites remain poorly studied,
particularly in the context of site contamination. This is of importance for
migratory birds because legacy compounds, such as PCBs and dioxins,
have the potential to interfere with pre-migratory fuelling. Our objectives are 1) to characterize the contaminant exposure of 2 species of
shorebirds, the Red Knot (Calidris canutus) and Sanderling (Calidris
alba), along the Central Flyway, and 2) to characterize the effects of

contaminants on avian pre-migratory fuelling. We are using shorebirds
(Order Charadriiformes) as a model because these birds exhibit extreme
examples of pre-migratory fuelling, and many shorebirds are currently
failing to sufficiently put on fat prior to departure from certain stopover
locations, which may be contributing to population declines in these
birds. Over 3 years, we captured 29 Red Knots and over 350 Sanderling
from two stopover sites along the Central Flyway: Chaplin Lake, SK,
a relatively uncontaminated site, and Corpus Christi, TX, which is
subject to contamination by oil spills and other pollution from the Gulf
of Mexico. Contaminant profiles at each site were determined from sediment samples. Each bird’s body condition was determined using its fat
score, mass, and body morphometric measurements, and fuelling status
was determined using plasma metabolite levels. We also fitted 20 Red
knots and 65 Sanderling with coded nanotags, which transmit a signal
that can be detected using radio telemetry array technology, to track the
arrival, departure, and stopover durations of these birds. We found that
body condition is closely related to plasma triglyceride concentrations and
that birds at the more contaminated stopover sites exhibit lower fuelling
rates.
272 Assessment of Population, Reproductive, and Health
Impairments in Great Lakes Colonial Waterbirds Breeding in
Contaminated Sites in Michigan
K. Grasman, Calvin College / Biology; L.L. Williams, US Fish & Wildlife
Service; J. Moore, US Fish and Wildlife Service / Interior
This study during 2010-14 assessed effects of contaminants, primarily PCBs and PCDDs, on reproduction and immunological health of
fish-eating birds in the Saginaw Bay and Raisin River Areas of Concern
(AOCs) and Grand Traverse Bay as part of the Great Lakes Restoration
Initiative-Fish and Wildlife Service AOC program. Saginaw Bay sites
included two herring gulls colonies (Confined Disposal Facility (CDF)
and Little Charity Island), two Caspian tern colonies (CDF and Charity
Reef) and one black-crowned night heron colony (CDF). Herring gulls
were studied in the River Raisin AOC at the Detroit Edison Monroe
Power Plant on the western shore of Lake Erie and in Grand Traverse
Bay on Bellow Island. Reference sites were in the lower St. Mary’s
River (gulls on Pipe Island Twins and terns on Two Tree Island) and on
Chantry Island, Lake Huron (herons). Gull nests were marked during egg-laying, and viability was assessed during late incubation using
an embryonic viability detector sensitive to heartbeat and movement.
Embryonic nonviability in herring gulls in the Saginaw Bay and River
Raisin AOCs (4.5% for the CDF, 7.4% for L. Charity, and 7.7% for
Monroe) was higher than at the reference site (2.6%). Infertility was
the primary cause of nonviability at the reference site. Both elevated
infertility and embryonic mortality contributed to nonviability in AOCs.
Two gull chicks were found at Monroe with crossed bills, a deformity
associated with PCBs and PCDDs. In the Saginaw Bay AOC chick
productivity was substantially below reference values in 2/4 years for
Caspian terns on the CDF, 1/2 years for Caspian terns on Charity Reef,
and 1/5 years for herring gulls on the CDF. Productivity was generally
good for herring gulls on L. Charity Island. In the River Raisin AOC,
productivity was very poor in 2/5 years, with complete reproductive
failure during 2010. In herring gull chicks the mean phytohemagglutinin (PHA) skin response for T-cell mediated immunity was suppressed
52-57% at both AOCs and 47% in Grand Traverse Bay. This response
was suppressed 46-49% in Caspian terns and 33% in black-crowned
night herons in the Saginaw Bay AOC. Mean antibody responses were at
least two-fold lower in herring gull chicks at both AOCs and in Grand
Traverse Bay. Ongoing immunological and reproductive impairments
at these contaminated sites are consistent with previous studies on the
effects of persistent pollutants, such as PCBs and PCDDs, in Great
Lakes wildlife.
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273 Decadal re-evaluation of contaminant exposure and reproductive success of ospreys (Pandion haliaetus) nesting in Chesapeake Bay
Regions of Concern
B.A. Rattner, USGS Patuxent Wildlife Research Ctr / Beltsville Lab; R.
Lazarus, USGS Patuxent Wildlife Research Center; P.C. McGowan, US
Fish and Wildlife Service / Chesapeake Bay Field Office; R.C. Hale, Virginia
Inst of Marine Science / Aquatic Health Sciences; S.L. Schultz, N.K.
Karouna-Renier, USGS Patuxent Wildlife Research Center / Beltsville Lab;
M. Ottinger, Univ of Houston / Dept of Animal and Avian Sciences
The last large-scale ecotoxicological study of ospreys nesting in
Chesapeake Bay was conducted in 2000/2001 and focused on US
Environmental Protection Agency-designated Regions of Concern
(ROCs, Baltimore Harbor/Patapsco, Anacostia/middle Potomac and
Elizabeth Rivers). In 2011/2012 ROCs and a reference site (Poplar
Island, MD) were re-evaluated to determine spatial and temporal trends
in legacy and contemporary contaminant residues in eggs and osprey
productivity. Concentrations of p,p-DDE and other organochlorine
pesticides were below the threshold associated with 10% eggshell thinning and osprey eggshell thickness measurements were comparable to
those of the pre-DDT era. Eggs from the Anacostia/middle Potomac
Rivers had lower total PCB concentrations in 2011 than in 2000 (5.57
vs. 9.28 µg/g ww); however, PCB levels in eggs from Baltimore Harbor
(7.77 vs. 7.25 µg/g ww) and the Elizabeth River (2.92 vs. 3.60 µg/g ww)
remained unchanged. Total PCBs in eggs were significantly greater in
Baltimore Harbor/Patapsco River and the Anacostia/middle Potomac
Rivers compared to the reference site (1.50 µg/g ww). Concentrations
of polybrominated diphenyl ether flame retardants (PBDEs) declined
by 40% in the ROCs. Current-use flame retardants, including
α-hexabromocyclododecane (HBCD), 1,2-bis (2,4,6-tribromophenoxy)ethane (BTBPE), di(2-ethylhexyl)-2,3,4,5-tetrabromophthalate
(TBPH), 2-ethylhexl 2,3,4,5-tetrabromobenzoate (TBB), and decabromodiphenyl ether (DBDPE), and the methoxy- metabolite of the
antibacterial agent triclosan, were at low ng/g concentrations. Osprey
productivity was adequate to sustain local populations and there was no
relation between egg loss or nest success with concentrations of halogenated contaminants. There was marginalevidence of genetic damage
(8-hydroxy-deoxy-guanosine, 8-OH-dG) in osprey nestling blood
samples from Baltimore Harbor/Patapsco River and the Anacostia/
middle Potomac Rivers compared to the reference site. Our findings document the continued recovery of the Chesapeake Bay osprey population,
declining levels of persistent halogenated compounds in some urbanized
locations, and modest evidence of genetic damage in nestlings from the
most industrialized regions.
274 Validating and Applying Amino Acid-Specific Stable Nitrogen
Isotope Analysis to the Interpretation of Avian Contaminant
Monitoring Data
C.E. Hebert, Environment Canada / Science and Technology Branch
Ecotoxicology and Wildlife Health Division; B. Popp, Univ of Hawaii; K.J.
Fernie, R.J. Letcher, Environment Canada / Ecotoxicology and Wildlife
Health Division; B.A. Rattner, USGS Patuxent Wildlife Research Ctr /
Beltsville Lab; N. Wallsgrove, Univ of Hawaii
Top predator birds integrate lower food web processes making them
useful indicators of ecosystem state. Monitoring and research programs
using such bird species have been underway for decades. Core goals
of these programs include understanding the environmental fate of
contaminants and detecting environmental change through alterations in
ecological processes, e.g., food web disruption by exotic species. Meeting
these goals requires methods to accurately assess pathways of energy,
nutrient, and contaminant flow to avian species. Stable isotope analysis
is one such method. In the past, most nitrogen isotopic studies of birds
have been based upon the analysis of bulk tissues. However, spatial and
temporal comparison of δ15N values may not be appropriate because of
potential differences/changes in δ15N values at the base of the food web.
Amino acid compound-specific nitrogen isotope analysis (AA-CSIA)
may provide the means to address this issue by generating δ15N baseline
and trophic position estimates from the same sample. Here, we describe
AA-CSIA results stemming from avian laboratory and field studies. A
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laboratory feeding study was conducted using a terrestrial carnivore, the
American Kestrel. Adult kestrels were fed an isotopically-characterized
diet. They were sacrificed and δ15N patterns in individual amino acids
were compared in their tissues and food. In the field, δ15N patterns in
individual amino acids in tissues from laying female Herring Gulls and
their eggs were examined. Eggs are commonly used in avian biomonitoring studies so it is important to determine if egg isotope patterns
are consistent with those observed in other tissues. Finally, we provide
examples of how baseline correction of δ15N data is critical when interpreting spatial and temporal trends in egg contaminant monitoring data.

Ecotoxicology of Environmentally Relevant
Nanomaterial Exposures
275 The ecotoxicity of surface functionalized silver nanoparticles in
microcosms with increasing community complexity
F. Wu, Oregon State Univ / Chemical Biological and Environmental
Engineering; B.J. Harper, Oregon State Univ / Dept of Environmental and
Molecular Toxicology; S.L. Harper, Oregon State Univ / EMT
Continuously growing production and application of silver nanoparticles
(AgNPs) will result in release into aquatic environments. Modifications
to the surface chemistry of engineered AgNPs, are known to alter
particle stability, dissolution, bioavailability and toxicity. While this has
inevitably raised concerns about impacts on ecosystem health, the environmental risks to organisms within a community setting are still largely
unknown. To address this data gap, we investigated how AgNPs with
different surface chemistry affect community toxicity and how increased
trophic complexity affects the interactions between the organisms and
nanomaterials. To answer both questions, microcosms comprised of algae
(Chlamydomonas reinhardtii) + bacteria (Escherichia coli) were compared
to similar microcosms when a predatory invertebrate (Daphnia magna)
and a vertebrate (Danio rerio) were incorporated to increase community
complexity. Each microcosm was exposed to 70 nm AgNPs at 0.1 (to
represent environmentally relevant concentrations), 1, and 5 (to represent
a worst case scenario for spill) mg L-1, and PEG-AgNP, silica-coated
AgNP, aminated silica-coated AgNP were selected to investigate the
relative influence of surface charge, composition and dissolution on toxicity. Our results showed that PEG-AgNPs had the highest overall toxicity
in all three microcosm scenarios, followed by silica-coated AgNPs, and
lastly aminated silica-coated AgNPs, which countered with our prediction that aminated silica-coated AgNPs would have higher dissolution
and toxicity. Increasing species complexity in the microcosm reduced the
toxicity of AgNPs to lower level species (algae and bacteria). Within a
community unit, Daphnia and algae were the most impacted species by
PEG- and silica-coated AgNP exposures. However, the dissolution and
subsequent release of Ag ions could not fully explain the observed patterns of community toxicity because we found similar, slow dissolution
rates of all three NPs. In addition, Daphnia had 100 to 4000 fold higher
internal Ag concentrations compared to developing zebrafish, possibly
due to their filter feeding behavior. Overall, our findings suggest that
the toxicity of AgNPs is dependent on their surface chemistry; however,
increasing trophic complexity can alter organismal susceptibility by
decreasing exposure concentrations actually experienced, or by the predation that occurs in the more complex systems with multiple trophic levels.
276 Elucidating impact of nanosized TiO2 and ZnO on microbial
ecology
Y. Liang, N. Londono, Southern Illinois Univ of Carbondale / CEE; H. Shi,
Missouri Univ of Science and Technology / Chemistry; A. Donovan, Missouri
Univ of Science and Technology
Understanding impact of engineered nanoparticles (ENPs) on our
environment is a highly complex topic. Contradictory results have been
reported in the literature due to different experimental setups, different environmental matrices, and different ENPs having different
properties. A significant amount of laboratory researches in this area
has been conducted with unreasonably high ENPs’ concentrations and/
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or under conditions that do not even slightly represent the real world
scenario, mainly due to the lacking of sensitive enough methodology for
characterizing and quantifying the ENPs at environmentally relevant
concentrations. Recently, we investigated change of microbiomes in river
water samples collected from upstream of where effluents from a local
municipal wastewater treatment plant (WWTP) are released. The water
samples were spiked with TiO2 (10-25 nm) or ZnO (10-30 nm) or both
at concentrations that were relevant to those identified in the environment. The spiked samples and controls with no nanoparticle addition
were exposed to natural light at 12h/12h (dark/light) cycle to simulate
exposure in a static environment, such as a lake or reservoir. Samples
withdrawn at different time points were subject to single particleinductively coupled plasma-mass spectrometry (SP-ICP-MS) analysis
for determining particle size, particle concentration, and dissolved ion
concentration. Samples after three-day exposure to nanoparticles were
also subject to DNA extraction followed by next-generation sequencing
to understand change of microbial distribution responding to the presence of the ENPs. Results from all of these studies will be presented and
discussed.
277 Experiments and models relating effects of silver nanoparticles on
individuals to populations of Daphnia
L.M. Stevenson, K. Krattenmaker, A. Bowers, E. Johnson, UCSB / Ecology
Evolution and Marine Biology; E. McCauley, Univ of Calgary / Biological
Sciences; R.M. Nisbet, UCSB / Ecology Evolution and Marine Biology
In standardized tests, Daphnia are exposed to potential toxicants as
individuals, or as very small groups of individuals, to allow for detailed
tracking of effects on survival, growth, and reproduction. However,
environmental concerns relate to how contaminants affect daphnid
populations, not individual Daphnia, emphasizing the need to understand
the link between individual- and population-level effects of toxicants.
Further, most studies investigating the effect of toxicants on Daphnia feed
them unrealistically high algal food levels. This is problematic because,
except during blooms, natural Daphnia populations experience food levels
as low as 1% of those used in toxicity tests. Therefore, it is important to
analyze the effects of a toxicant on Daphnia fed lower, environmentally
relevant concentrations of algal food at the individual level to quantify
the interactions between ecological stressors (food and toxicant stress)
at multiple levels of biological organization. Here we report a suite of
experiments investigating the effect of silver nanoparticles (AgNPs) on
individuals and populations of Daphnia. We measured the direct effect of
AgNPs on daphnid survival, growth and reproduction using food levels
similar to those found in natural populations. We followed the dynamics of populations experiencing the same food and AgNP environments
for 60 days. 75 µg/L AgNPs enhanced individual survival and growth
however inhibited reproduction compared to controls at the individual
level. 200 µg/L AgNPs lead to greatly reduced survival such that only
individuals fed the highest food levels reached adulthood. However, a
concentration that was lethal to individual Daphnia (200 µg/L AgNPs)
had no significant effect on daphnid populations. Our previous work
on the interactions of AgNPs in freshwater systems identified a novel
environmental feedback in which algal-produced dissolved organic
carbon mitigates the toxic effect of AgNPs to the algal cells themselves (Stevenson et al., 2013). To attempt to understand the differences
observed between AgNPs exposed to individuals or daphnid populations,
we simulated daphnid populations with population models parameterized using the individual-level data. We will report modeling results with
additional feedbacks included in these models. This study emphasizes the
importance of feedbacks when extrapolating individual-level effects to
whole populations experiencing multiple stressors.
278 Investigating Toxicity of ZnO Nanoparticles to Earthworms in
Soils of Different Organic Matter Using Oxidative Stress and Weight
Loss as Endpoints
P. Mwaanga, A. Munthali, M. Walubita, Copperbelt Univ /
Environmental Engineering
Fewer studies have investigated the toxicity of metal oxide nanoparticles
to organisms in real complex environmental systems. Studies conducted

in simple artificial systems often lead to overestimation of toxic effects
of these nanomaterials to organisms. The objective of this study was to
investigate the dose of citrate functionalized and non-functionalized
ZnO NPs that would cause some toxicity to earthworm, Eisenia fetida in
soils of different organic matter content, measured as % carbon. Natural
soils free from heavy metals, with organic carbon content, ranging from
0.5 to 65% carbon were used in this study. The earthworms were initially
cultured in these soils in the Environmental Engineering Laboratory at
the Copperbelt University, before exposure to the NPs. Doses of ZnO
NPs ranging from 5.0 mg/kg - 2000 mg/kg were investigated for a
period of 14 days on their toxicity to Eisenia fetida. Each preweighed E.
fetida was transferred into the testing chamber with 100 g of soil with
specific % carbon content, dosed with ZnO NPs and this was carried
out in three replicates for each dose. The toxicity end points used were
weight loss and generation of oxidized glutathione (GSSG). The weight
loss was measured using the analytical balance. The GSSG was measured
using Glutathione Colorimetric detection kit and the protein content
was determined using Bicichoninic assay (BCA) protein colorimetric
detection kit. The protein content was used to normalize the GSSG.
As expected, the results showed that the non-functionalized ZnO NPs
exerted the most weight loss and induced the highest amount of GSSG.
The results further showed that organisms in soils with low carbon content were more sensitive and significant differences (p< 0.05) in weight
loss and GSSG generation between the treated organisms and the controls were observed in doses as low as 50 mg/kg. Interestingly, the results
also showed that in soils with high (>25%) carbon content, functionalized ZnO NPs increased the weights of the organisms. Paradoxically;
significant higher levels of GSSG were observed in the organisms with
increased weight. Overall, these results suggest that the toxicity of metal
oxide NPs in soil is much lower than would be predicted from models
constructed from results of simple and artificial systems.
279 Modeling the effect of cysteine and humic substances on bioavailability of Ag from Ag nanoparticles to a freshwater snail
S.N. Luoma, Univ of California, Davis / John Muir Inst of the
Environment; M.N. Croteau, USGS; T.L. Stoiber, Univ of California
Davis / John Muir Inst of the Environment
If released into the environment metal-based engineered nanomaterials
(Me-ENMs) are likely to undergo numerous transformations that will
affect their bioavailability, toxicity and ecological risk. Interactions with
dissolved organic material drive one of the most important classes of
transformation, although the outcomes of those interactions are complex
and sometimes appear contradictory. Here we model the drivers of silver
bioaccumulation at environmentally realistic concentrations (25nM)
from two types of coated silver nanoparticles, PVP AgNPs and PEG
AgNPs, in the presence of either Suwannee River humic acid or a highaffinity thiol-rich organic ligand, cysteine using the freshwater snail L.
stagnalis as a model organism. Uptake rates of dissolved silver released
from the NP’s were quantified with and without cysteine, in experiments
with silver nitrate (AgNO3). The contribution of dissolved Ag to uptake
from AgNPs with two different polymeric coating was determined from
dissolved Ag concentrations. Uptake attributable to particulate AgNP
uptake was determined by difference from overall uptake. Overall uptake
of Ag from the two NPs was either increased or not strongly affected in
the presence of 1 – 10 mg/L humic acid, but was substantially reduced
by 1Ag:1cys. In the presence of the cysteine, dissolution of Ag from
both AgNPs was increased as shown by ultra-centrifugal filtration. The
degree of dissolution differed with the polymer coating (PVP-AgNP >
PEG-AgNP).With the addition of equimolar 1 Ag: 1 cysteine, overall
uptake was reduced but not eliminated. In the absence of cysteine, a
definitive component of uptake into tissue from the AgNPs themselves
was observed. The rate of particulate Ag uptake differed with the type of
polymer coating. With the addition ofequimoral cysteine (1 Ag: 1 cysteine) the uptake rate of particulate PVP-AgNP uptake was reduced and
PEG-AgNP uptake was eliminated. These results suggest transformations that affect bioavailability differ depending upon the nature of the
natural organic material and the type of polymer coating used to stabilize
the AgNP. Humic substances contain relatively few strong ligands for
Ag so their effects on uptake of Ag from NPs is limited.
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280 Adsorption and Uptake of Tri-Layered Silver Nanoparticles
(107Ag@Au@109Ag) by the green alga Chlamydomonas reinhardtii
D.E. Ponton, Univ of South Carolina / Center for Environmental
NanoScience and Risk; R. Merrifield, Univ of Birmingham / Geography
Earth and Environmental Sciences; M.N. Croteau, USGS; J. R. Lead, Univ
of South Carolina / Center for Environmental NanoScience and Risk
Whether nanoparticles (NPs) are taken up by unicellular organisms
such as algae is still unclear. Studies conducted with silver (Ag) NPs and
Chlamydomonas reinhardtii suggested that only Ag ions are absorbed,
although it is recognized that Ag NPs raise the dissolved Ag concentration near the membrane, which contributes to the uptake. Here we
characterize the behavior and fate of Ag NPs in the presence of the green
alga Chlamydomonas reinhardtii over different NPs and algae concentrations as well as different period. We used isotopically labelled three layer
core shell NPs (107Ag@gold@109Ag), which allowed distinguishing the
form of Ag absorbed by the algae (i.e., the inner 107Ag was prevented
from dissolution by the gold layer, while the outer 109Ag layer could
dissolve). We characterized the NPs before and after algal exposure
using ultra-filtration, ultra-violet and visible absorbance spectrum and
inductively coupled plasma spectrometry. Prior to adding the algae,
the NPs were well dispersed and 10% of the total Ag was dissolved.
Accumulation of Ag in algae exposed to a range of NP concentrations do not obeys saturation uptake kinetics. Uptake of dissolved Ag
accounted for 20% of the measured silver in the algae. Increasing amount
of NPs were recovered with the algae after 1 hour of exposure. Although
preliminary, our results show that nanoparticle binding to cell surfaces
as well as ion uptake are two significant process that account for the Ag
concentrations measured with algae. Our use of isotopically labelled
three layer core shell NPs will help elucidate the role of ions and particles
in the biouptake of inorganic NP.
281 Influence of PAH physico-chemical characteristics on their bioavailability once adsorbed to carbon nanotubes
E.N. Linard, Clemson Univ / Biological Sciences; S.J. Klaine, Clemson Univ
/ Inst of Environmental Toxicology CUENTOX
The highly applicability of carbon nanotubes (CNTs) in various sectors
of society has led to an increase in the release of these materials into
the environment. In the aquatic environment CNTs will interact with
natural organic matter (NOM), becoming dispersed and suspended.
CNTs may also interact with organic contaminants including polycyclic
aromatic hydrocarbons (PAHs). CNTs have a high adsorption affinity
for PAHs and have been speculated to act as “contaminant transporters”.
In spite of this few studies exist that have quantified the bioavailability
of CNT-adsorbed PAHs to fish in the presence of NOM. Further, there
is little conclusive information characterizing the relationship between
adsorption behavior and bioavailability of CNT-adsorbed PAHs, even
though adsorption and desorption of PAHs from CNTs play a significant role in the ultimate fate of these CNT-adsorbed PAHs. Studies
suggest that certain physical and chemical properties of the adsorbate,
such as hydrophobicity, water solubility, size and molecular configuration, influence adsorption to CNTs. The goal of the present research
was to establish the physico-chemical properties of PAHs that are most
influential on adsorption to CNTs and how this relates to the resulting
bioavailability of the adsorbed PAH. Adsorption isotherms of a series
of PAHs to CNTs were established in conjunction with quantifying the
bioavailability of the adsorbed PAH to P. promelas using bile analysis via
fluorescence spectroscopy. Hydrophobicity has commonly been used in
bioavailability models and previous studies have found a direct correlation between hydrophobicity of PAHs and adsorption capacity of
CNTs for PAHs. However, our results suggest that water solubility
was a stronger predictor of the bioavailability of adsorbed PAHs than
hydrophobicity. Experimental data showed a strong inverse correlation
between water solubility of a PAH and the bioavailability of that PAH
when adsorbed to CNTs. Water solubility was not directly correlated
with adsorption affinity of CNTs for PAHs, suggesting that adsorption strength and capacity do not fully explain bioavailability of PAHs
adsorbed to CNTs. Current work further suggests that molecular configuration may play a significant role in bioavailability of CNT-adsorbed
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PAHs due to alignment of PAHs on the surface of the nanotube and
may explain the disconnect between adsorption capacity of CNTs for
PAHs and the resulting bioavailability.
282 The interactive effects of UV radiation and titanium dioxide
nanoparticles on marine snow-associated microbes
V. Haynes, J. Ward, Univ of Connecticut / Marine Sciences; B. Russell, Univ
of Connecticut
Titanium dioxide nanoparticles (NPs) are used in a variety of consumer
goods including paints, sunscreens, skin-care products and anti-microbial agents, and are likely entering the marine environment via direct
and indirect inputs. The transport and fate of TiO2 in the environment
are dependent on a number of properties and NPs can be incorporated
into natural agglomerations through association with other particles
(e.g., marine snow). Additionally, TiO2 NPs are photocatalysts, able
to produce reactive oxygen species (ROS) that can damage living cells
and cause deleterious effects in some aquatic organisms. This study is
aimed at investigating two different types of TiO2 NPs (UV-Titan and
Degussa P25), activated by solar lamps that mimic natural light in the
visible and UVA/B regions, and comparing their effects on marine snowassociated microorganisms. For all experiments, bulk titania (> 1 µm in
size) serves as a control for the nanoscale-size effect. Natural seawater
was spiked with either UV-Titan or P25 NPs at a concentration of 0.5
mg l-1 and marine snow was generated by means of a roller table. During
the 3-day rolling period, the seawater and associated microbes were
exposed to three different light regimes (15-hr light, 9-hr light and 0-hr
light as a control). Marine snow was collected and bacterial abundance
(CFU ml-1), bacterial functional diversity (EcoPlates) and phytoplankton abundance (light microscopy) were analyzed. A shift in bacterial
functional diversity and phytoplankton abundances occurred for light
treatments compared to controls (bulk TiO2 in the light and NPs in the
dark), suggesting that the two commercially available NPs can have toxic
effects on marine snow-associated organisms under environmentally
relevant light regimes. Importantly, by exposing marine snow organisms
to natural light, we were able to parse out the NP photocatalytic effect
versus the nanoscale-size effect.

“One Health”: Opportunities for SETAC
Leadership in Integrating Environmental,
Human and Animal Health
283 One Health System-Wide Science and Care: Opportunities to
Help Counteract the Sixth Extinction While Improving Human
Health and Economic Vitality
V.R. Beasley, The Pennsylvania State Univ / Veterinary and Biomedical
Sciences
As with other uses of the term health, One Health is an umbrella for
preferred outcomes, focused and integrative education/training, practice
interventions, and prioritized research. We have repeatedly uncovered
toxic, infectious, and other disease agents first in humans, domestic or
wild animals, or plants, only to found out later that they had injured
or killed members of the other groups. To minimize and prevent such
shared health problems, we need more efficient ways to generate and
interlink spatially and temporally explicit data, including from environmental and ecological toxicology, diagnostic medicine, and conservation
biology. Current needs include unified vocabularies on health parameters, disease agents, societal drivers, interventions, and outcomes.
Analyses should reveal proximate etiologies, connections to underlying
societal drivers, and how reliable triggers for effective mitigation and
prevention can be applied. Mapping programs should include distributions of humans, domesticated, and native, exotic and invasive animals
and plants together with their respective syndromic and diagnostic
health parameters, cities/towns, agricultural areas, managed forests,
industries, mining and fossil fuel exploitation, buffers, wild places,
climate and weather. Analyses will point to existing and emerging
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health problems related to individual stressors and groups of stressors,
data gaps, interventions, and indicators of recovery. They will also draw
attention to the need to extend the reach of professionals and paraprofessionals to underserved populations of humans, animals, and plants. Data
entry across the board will need to be nearly effortless and databases
will need to be readily accessible. Fortunately, One Health programs are
already yielding transparent sharing of information on health and health
stressors to highlight out-of-control, poorly controlled, and resolving
problems, as well as areas that avoided problems altogether. Wildlife and
ecological toxicologists already collaborate with veterinarians, physicians,
public health specialists, epidemiologists, climate scientists, engineers,
business professionals, policy makers, political leaders, and the public as
a whole, but far more needs to be done—in the developed world—and
even more so, in the developing world. Because it is inclusive of so many
aspects of human wellbeing, One Health may serve as a basis for protection and recovery of myriad species here and across the globe.
284 Inter-connections between human health and ecological integrity: An organizational framework for research and development
W.H. Benson, USEPA / National Health and Environmental Effects
Research Laboratory; R.T. Di Giulio, Duke Univ / Nicholas School of the
Environment; T. Fontaine, R. Hines, USEPA / National Health and
Environmental Effects Research Laboratory
A Pellston workshop entitled, Interconnections between Human Health
and Ecological Integrity, was held in 2000. Jointly sponsored by the
Society of Environmental Toxicology and Chemistry (SETAC) and
the Society of Toxicology (SOT), the workshop was motivated by the
concern of human health, environmental, and social scientists for the
interconnections between wellbeing of natural ecosystems and human
health. The goal of the workshop was to initiate substantive yet broadly
considered explorations of these interconnections, including creative,
transdisciplinary approaches for solving environmental problems at
this interface. Major themes included the biological basis of similarities and differences between human and ecosystem “health”, how the
environment shapes the human sense of wellbeing and vice versa,
linkages among land-use patterns, ecological degradation, and human
health as well as implications of human health-ecological integrity
interconnections for policy makers. One outcome of the workshop was
the development of a conceptual model for mapping human healthecological integrity interconnections that includes the natural system,
composed of both the physical environment and biota, and the social
system, including both culture and institutions. Each system delivers
outputs to the other system. The social system, including elements such
as economics, delivers pollution and other residuals to the natural system
and value-added goods and services to itself. The natural system, including elements such as natural resources, provides ecological goods and
services to the social system, which together support human health and
well-being. With regard to an organizational framework, the scientific
strengths of USEPA’s National Health and Environmental Effects
Research Laboratory (NHEERL) can be characterized as systems-based
research that integrates ecological integrity with human health with
the goals of protecting the environment and improving human health
and wellbeing. An important component of the systems-based approach
is the iterative and complementary experimental and computational
research being conducted by NHEERL and other units of USEPA’s
Office of Research and Development. This presentation will discuss the
utility of the conceptual model developed at the joint SETAC-SOT
Pellston workshop, in context of the One Health framework, as an organizational framework in research and development.
285 Exploring Collaboration and Business Opportunities in One
Health
J.E. Whaley, A. Fairbrother, Exponent, Inc. / EcoSciences; J.P. Staveley,
Exponent
One Health recognizes the connection of human health to the health of
animals and the environment. It integrates human, veterinary, wildlife,
and environmental health disciplines at multiple levels to face increasing challenges to health, nutrition, security, and economic growth

worldwide. One Health evolved from the veterinary public health
community and has become ingrained in strategic frameworks for many
public and animal health programs, wildlife conservation, and international entities including the United Nations, European Union, and
World Bank. Efforts to collaborate are emerging. For example, the One
Health Commission (OHC), a non-profit entity, was formed in 2008 to
promote and facilitate collaboration, information exchange, and funding for medical and veterinary colleges and public health programs in
the U.S. (https://www.onehealthcommission.org/). Sponsors of OHC
include several universities, foundations, and corporations. Opportunities
for collaboration and business participation in One Health are increasing and several areas within the SETAC membership “wheelhouse”
already fall under the One Health concept. For example, investigation
into the decline of managed honey bee colonies is an extension of the
One Health concept exploring multiple potential causal factors including
pests, pathogens, and pesticides. Unsolved, the consequences could be
devastating to agriculture and food security. Chemical (e.g., endocrine
disruptors) use leading to undesired immunomodulation in wildlife could
potentiate the risk of infectious zoonotic disease transmission. This could
play out globally where unchecked use of chemicals and habitat perturbation could contribute to the spread of infectious and zoonotic disease
beyond geographic borders. Other potential One Health business areas
include natural resource damage assessments and ecological services
where the effects of ecological integrity on human well-being are considered. Finally, SETAC skill sets could be applied to tackling the threat
of bioterrorism (e.g., plague and anthrax), another One Health area. It
is time to make the connections and explore collaboration and business
opportunities that link human well-being to ecological integrity.
286 Integrating the “One Health” approach in the design of sustainable munition compounds
M.S. Johnson, Toxicology Portfolio
Sustainable use of testing and training ranges within the U.S. Dept of
Defense is a critical goal in maintaining a ready force capable of meeting
future security requirements. Large land areas are required for these
purposes, many of which support valuable resources to local communities
in terms of maintaining ecosystem services, preserving rare species, and
providing for the general health of civilians and their families. Although
there are regulations that require that environmental and occupational
health aspects be considered, specific data requirements coincident with
new chemical and weapon system design have not been elucidated.
Working with research, testing and development entities, the Army has
demonstrated a phased approach to environmental and occupational
health data acquisition that is commensurate with the relative development of material research, design, testing and evaluation. This process
using new and innovative approaches to initially provide relative comparisons provides a technical foundation from which to make decisions
and focus toxicity testing designs. Examples will be provided.
287 Expanding environmental toxicology in One Health by studying
the role of contaminants in complex health problems; case studies in
Haiti and Kenya
T. Sabo-Attwood, J.H. Bisesi, R. Rheingans, B. Okech, S.E. Robinson,
Univ of Florida / Dept of Environmental and Global Health; L.
Ferguson, Pratt School of Engineering / Dept of Civil and Environmental
Engineering; A. Ali, Univ of Florida / Environmental and Global Health;
A.S. Kane, Univ of Florida - College of Public Health & Health Professions /
Dept of Environmental and Global Health
The complexity of addressing public and environmental health issues
requires collaborative efforts that include professionals with crosstraining that span disciplines. This notion is in line with a One Health
approach, a concept being widely adopted, that states the health of
animals, people, and ecosystems are intricately linked. Internationally
applauded, the One Health approach is strongly endorsed by human
medicine, public health, veterinary medicine, and various other national
and international institutions and organizations (e.g., CDC, USDA etc.).
Historically, this approach has been most heavily applied in the area of
infectious disease and zoonosis surrounding epidemics (e.g., influenza,
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SARS, Ebola) however, it is has been gaining more traction in other
fields. At the University of Florida we have embarked on a number of
international projects structured to incorporate a One Health approach
with an emphasis on incorporating the analysis of environmental
contaminants in understanding key public health issues in Haiti and
Kenya. This talk will describe two case studies with a focus on environmental contaminant monitoring of air and waterways in Gressier, Haiti
and Kisumu, Kenya. Preliminary analysis of these samples, including
chemical identification and biological assessments, will be considered in
the context of larger issues related to infectious disease from an animal
and human health perspective. Additionally, our approach to training through the development of graduate degree programs specifically
in One Health and the opportunity for students to participate in these
projects will be discussed.
288 Comparative Pharmacology and Toxicology: An Integrative
Bridge for the One Health Initiative?
B.W. Brooks, Baylor Univ / Environmental Health Science Program Dept of
Environmental Science
The vision of the One Health Initiative includes improving animal life by
integrating human and veterinary medicine with environmental science.
One Health identifies advancing comparative medicine and environmental research as one way to achieve its goals, but identifying robust
and then implementing pragmatic approaches to comparatively examine
contaminant impacts on animals requires attention. In this presentation,
some lessons learned from understanding environmental consequences of
biologically active chemicals using biological read across approaches will
be considered. Compared to industrial chemicals for which very little
toxicology information exists, human pharmaceuticals and veterinary
medicines receive extensive study prior to approval. Identifying ways
to leverage this information to define and predict chemical bioactivity across chemical classes and biological species has received recent
study. Comparative pharmacology and toxicology studies have revealed
important challenges and opportunities based on metabolism differences
among vertebrates. When the structure and function of biological targets
are conserved across species, it appears possible to identify relatively
susceptible organisms, particularly to molecules designed to elicit specific
biological activities. Such information has provided useful exemplars
to advance coupling of human and ecological hazard and risk assessment frameworks. For example, high throughput methods adapted from
drug discovery promise to yield next generation computational models
aimed at reducing uncertainty during regulatory assessments of new and
existing industrial products for human and ecological health. However,
efforts are needed to understand when in vitro molecular initiation events
propagate across scales of biological organization to result in important
adverse outcomes. When biological targets are evolutionarily conserved,
human and veterinary medicines can also serve as experimental scalpels,
which afford unique opportunities to explore basic molecular, biochemical and physiological research questions across species. Lessons learned
from the rational design of less hazardous pharmaceuticals further
promise to prospectively support the sustainable molecular design of less
hazardous industrial chemicals. These observations collectively suggest
that comparative pharmacology and toxicology represents an integrative
bridge to advance the goals of the One Health Initiative.
289 Applying a Holistic Approach to Chemical Management to
Improve Community Well-being
L. Kapustka, LK Consultancy; K.L. Froese, GatePost Risk Analysis / Dept
of Public Health Sciences
The Preamble of the World Health Organization, drafted in 1946, posits
that health is a state of complete physical, mental, and social well-being,
and not merely the absence of disease or infirmity. Aboriginal Peoples
around the globe have long-standing connections to land, water, air,
plants, and animals that contribute mightily to their sense of well-being.
Much of the One Health movement is dedicated to understanding
interconnections between humans and domesticated animals in terms
of understanding mechanisms of disease incubation and transmission.
Despite these deep understandings, the approaches to characterizing risk
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of chemicals in the environment have been partitioned into narrow fragments that do not and cannot address the holistic nature of individual or
community well-being. We believe a systems approach such as that postulated by Waltner-Toews et al (2003 Frontiers In Ecology, 1: 23-30) is a
foundational element of the One Health approach: it offers a mechanism
to incorporate factors such as risk perception, sense of place, traditional
practices, etc. in mental and social determinants of well-being. In this
talk, we will examine the evolution of chemical management practices
that have emphasized reductionist principles and illustrate situations in
which this approach is insufficient. We will also discuss the advantages
of moving toward a holistic, integrated approach to chemical management in our contemporary world.
290 Research on coal-tar-based sealcoat exemplifies the One Health
concept
B.J. Mahler, USGS / Water Mission Area; P.C. Van Metre, USGS / Texas
Water Science Center; S. Williams, Baylor Univ; C.G. Ingersoll, J.L. Kunz,
USGS / Columbia Environmental Research Center; E.E. Little, USGS /
Biological Resources Division / Columbia Environmental Research Center;
W.T. Foreman, USGS / National Water Quality Laboratory; A. Kienzler,
European Commission Joint Research Centre / IHCP System Toxicology
Unit EURL ECVAM; A. Devaux, Université de Lyon-ENTPE; S. Bony,
Université de Lyon
Coal-tar-based (CT) sealcoat is marketed as protecting and beautifying
the asphalt pavement of driveways and parking lots, and is commonly
applied to pavement in the central, southern, and northeastern U.S. and
in Canada. Use of CT sealcoat has implications for human and aquaticecosystem health. CT sealcoat typically is 20 to 35% crude coal tar or
coal-tar pitch and contains from 50,000 to 100,000 mg/kg PAHs, about
1,000 times more than asphalt-based (AS) sealcoat. Tires and snowplows
abrade the dried sealcoat surface into fine particles—PAH concentrations in dust on CT-sealcoated pavement are about 1,000 times higher
than in dust from AS-sealcoated pavement (median total PAH concentrations 2,200 and 2.1 mg/kg, respectively). Samples of PAHs in house
dust in residences adjacent to CT-sealcoated pavement (CT-affected)
yielded a median PAH concentration 25 times higher than that for
dust in residences adjacent to unsealed or AS-sealcoated pavement.
Preschoolers in CT-affected residences are estimated to consume more
PAHs from incidental ingestion of house dust than from diet, and the
estimated lifetime cancer risk from non-dietary ingestion of PAHs for
those living in CT-affected residences is 38 times higher (central tendency) than for those in non-CT-affected residences. Use of CT sealcoat
also has numerous implications for aquatic ecosystems. Source apportionment modeling has indicated that, in regions where CT sealcoat
is prevalent, particles from sealcoated pavement are contributing the
majority of the PAHs in recently deposited lake sediment, with potential
adverse effects to benthic biota. Acute toxicity of simulated rain runoff
from CT-sealcoated pavement to stream biota, demonstrated for a cladoceran (Ceriodaphnia dubia) and for a fish (fathead minnows, Pimephales
promelas), continued for runoff samples collected as long as weeks or
months following sealcoat application. Using the fish-liver cell line
RTL-W1, runoff collected as much as 36 days following CT-sealcoat
application was demonstrated to cause DNA damage and impair DNA
repair capacity. Recent research has provided direct evidence that
restricting use of CT sealcoat in a watershed can lead to a substantial
reduction in PAH concentrations in receiving water bodies. Research on
CT sealcoat illustrates the importance of the “One Health” concept and
the value of interdisciplinary collaboration in investigating the intersection between human and aquatic-ecosystem health.
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Building a Weight of Evidence for
Bioaccumulation Assessment
291 A Bioaccumulation Assessment of Triclosan using a Weight of
Evidence Approach
S. Pawlowski, BASF SE; J. Arnot, Arnot Research & Consulting Inc.; S.
Champ, BASF SE
Triclosan is an antibacterial biocide which is used in various cosmetic
and personal care products such as hand wash or tooth paste. Due
to these down-the-drain applications, triclosan primarily enters the
environment via sewage treatment plant (STP) effluents. Due to the
high logKow of 4.9 at pH 5 and two older fish BCF studies (Orvos et
al. 1999 and Schettgen et al 2000), there is a current regulatory discussion whether the substance has a potential to be bioaccumulative in fish
and other organisms and whether there is a risk for secondary poisoning
(accumulation along the food chain). Therefore, a weight of evidence
approach was applied to assess the bioaccumulation potential of the substance taking into account all available experimentally derived data and
suitable QSAR models. The evaluation revealed that two out of three
experimentally derived BCF values (ranging from about 2500 to about
8700 L/kg) had identifiable sources of error resulting in overestimates of
the bioaccumulation potential of the substance. The third experimental
BCF study had no identifiable sources of experimental error, was much
lower and thus showing a more realistic value (~100 L/kg). The lower
BCF measurement was further supported by available toxicokinetic
studies from various vertebrates (including fish), published data (fish
monitoring, in vitro metabolism), and mass balance and QSAR models.
Taking all of these lines of evidence into account, it can be concluded
that Triclosan does not exceed the commonly used BCF bioaccumulation
criteria (thresholds). Furthermore, models parameterized with the available data calculate biomagnification factors that are less than 1; Triclosan
does not biomagnify in food chains.
292 A global model for a global issue: Understanding key factors driving the trophic magnification of chemicals
D. Walters, USGS / Fort Collins Science Center; T. Jardine, Univ of
Saskatchewan / School of Environment and Sustainability; B. Cade, USGS,
BRD / Fort Collins Science Center; K.A. Kidd, Univ of New Brunswick;
D.C. Muir, Environment Canada / Aquatic Contaminants Research
Division; P. Leipzig-Scott,
The environmental risk of synthetic chemicals is governed by their
persistence, bioaccumulation potential, and toxicity. Bioaccumulation
in aquatic food webs is best described by trophic magnification factors (TMFs) that are calculated as the antilog of the slope of the
log[chemical] vs. trophic position regression, yielding an average increase
in concentration for each step in the food chain. TMFs > 1 indicate
biomagnification. We assembled a database of >1500 published TMFs
and tested whether observed values varied as a function of a chemical’s
hydrophobicity (KOW) and potential for metabolic transformation (kM).
TMFs ranged from 0.02 to 82, and were highest for chemicals with slow
transformation rates (kM < 0.01 day-1) and moderate hydrophobicity
(peaking at log KOW ~7). TMFs varied considerably among different ecosystems (freshwater vs. marine), climates, and food web types
(“cold” food webs containing only ectotherms vs. “whole” food webs also
containing endotherms), indicating that trophic magnification is contextdependent. Marine ecosystems had more extreme high and low TMFs,
and trophic magnification was greatest in whole food webs. TMFs in
freshwaters were less variable but generally >1, indicating widespread
trophic magnification of organic pollutants in these food webs. We used
quantile regression models of KOW, kM, and TMF derived for the
global dataset to calculate the probability that a compound would exhibit
trophic magnification. The risk of trophic magnification was highest for
slowly transformed compounds (kM < 0.01 day-1) such as polychlorinated biphenyls which almost always resulted in TMFs >1 (probability ≥
95%) regardless of KOW. At the other end of the spectrum, compounds
with rapid transformation rates (kM > 0.2 day-1) such as polycyclic
aromatic hydrocarbons seldom resulted in TMFs >1 (probability ≤10%).

Between these extremes in kM values is a large combination of chemical
conditions with a varying probability of TMFs >1. For these chemicals,
KOW is increasingly important in determining if trophic magnification will occur. This empirical approach to calculating the risk of trophic
magnification based upon chemical properties has widespread application for regulatory agencies charged with permitting chemicals that will
ultimately be released into the environment.
293 Applying a weight-of-evidence approach to the use of fieldderived BAFs and BSAFs in the bioaccumulation assessment of
pesticides in Canada
C.L. Quinn, Golder Associates Ltd. / Dept of Physical and Environmental
Sciences; R. Sebastien, M. Kivi, Pest Management Regulatory Agency
Health Canada; A. de Bruyn, Golder Associates Ltd.; R. Currie, Pest
Management Regulatory Agency Health Canada
In evaluating the environmental risks of pesticides, the Pest
Management Regulatory Agency (PMRA) develops an understanding of
the fate of a pesticide, the toxicity of the chemical to different organisms,
and whether a pesticide has the potential to persist and bioaccumulate.
Government of Canada guidance on evaluating bioaccumulation puts
more emphasis on bioaccumulation factors (BAFs) than bioconcentration factors (BCFs) or octanol/water partition coefficients (KOW).
Both the BCF and BAF are environmentally more relevant than KOW
because they take into account the response of the organism, including metabolism, steric effects at the gill/water interface, bioavailability
of the substance, and related factors. However, there are challenges in
assessing field-derived bioaccumulation data and understanding and
acknowledging the limitations of field data are pivotal to characterizing
bioaccumulation potential. This presentation reviews the current state
of the science of BAFs as presented in previously published studies and
reports and examines the relevance, adequacy, and weighting of bioaccumulation data for use in the assessment of field derived BAFs and
biota-sediment accumulation factors (BSAF) for pesticides. We discuss
the advantages, disadvantages, and limitations of field derived BAFs
and BSAFs, present a conceptual framework for evaluation, highlight
environmental, biological, and chemical factors to consider when evaluating a BAF or BSAF study, and present data analysis and interpretation
considerations. We also present general recommendations for acceptance
of field derived BAFs and BSAFs for regulatory purposes. This information can be used in the development of site-specific field study protocols
and as part of the weight-of-evidence decision making when characterizing the bioaccumulation potential of pesticides under aquatic field
conditions.
294 In Vitro to In Vivo Extrapolation of Hepatic Metabolism in Fish:
An Inter-laboratory Comparison of In Vitro Methods
K.A. Fay, Univ of Minnesota - Duluth / Biology; M.R. Embry, ILSI
Health and Environmental Sciences Inst (HESI); M. Bernhard, The
Procter & Gamble Company / Env Stewardship and Sustainability; I.
Bischof, Fraunhofer IME - Inst for Molecular Biology and Applied Ecology;
J.W. Davis, Dow Chemical Company / Toxicology and Environmental
Research and Consulting; J. Domoradzki, Dow Corning Corporation /
Health and Environmental Sciences; M. Halder, European Commission
Joint Research Centre / DG Joint Research Centre IHCP EURL ECVAM;
X. Han, DuPont; J. Hu, The Dow Chemical Company / Toxicology and
Environmental Research and Consulting; K. Johanning, KJ Scientific LLC;
H. Laue, Givaudan Schweiz AG / Fragrances S T; D. Nabb, DuPont; J.W.
Nichols, USEPA / ORD NHEERL Mid-Continent Ecology Division; C.
Schlechtriem, Fraunhofer IME / Bioaccumulation and Animal Metabolism;
H. Segner; L. van der Wal, Joint Research Centre / Environment Health and
Safety Division Environment Directorate; J.A. Weeks, S.C. Johnson & Son,
Inc. / Environmental Safety
Chemical biotransformation represents the single largest source of
uncertainty in chemical bioaccumulation assessments for fish. In vitro
methods employing isolated hepatocytes and liver subcellular fractions
(S9) can be used to estimate whole-body rates of chemical metabolism,
required as inputs to established in silico models of chemical accumulation. Predicted levels of accumulation obtained in this manner are
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generally closer to measured values than predictions obtained assuming
no metabolism, suggesting that these methods could provide critical
information as part of a tiered approach to bioaccumulation assessment.
Regulatory use of these procedures, however, requires that they be evaluated to determine their reproducibility within and among laboratories.
Building on previous work, a multi-laboratory ring-trial was coordinated
by the ILSI Health and Environmental Sciences Institute (HESI).
This ring-trial was initiated to support the development of an OECD
Test Guideline, led by the United States and European Commission.
The approach uses substrate depletion methods to determine the rate at
which the in vitro test systems (S9 fractions and cryopreserved hepatocytes) metabolize selected test chemicals. This information can then
be extrapolated to the whole liver to provide a direct basis (i.e., ml/h/g
liver) for comparison which can then be extrapolated to whole organism bioaccumulation. The specific aims of the ring trial were to compare
the performance of two in vitro methods based on rainbow trout S9 and
cryopreserved hepatocytes within and across participating laboratories.
The ring-trial involved seven laboratories in Europe and North America
(The Dow Chemical Company, DuPont, Fraunhofer IME, Givaudan
Schweiz AG, The Procter & Gamble Company, SC Johnson / KJ
Scientific, and the US Environmental Protection Agency). Six chemicals
(pyrene, 4-n-nonylphenol, fenthion, methoxychlor, deltamethrin, and
cyclohexyl salicylate) were evaluated in both test systems. This presentation will summarize the results of the ring-trial. The views, conclusions
and recommendations expressed in this poster are those of the authors
and do not necessarily represent the policies or positions of the European
Commission, the OECD, or the US Environmental Protection Agency.
295 Pragmatic Pharmaceutical Prioritization: using accumulation and
elimination as key steps in prioritizing drugs for environmental risk
S. Owen, AstraZeneca / Safety Health Environment; L. Stott, Kings College,
London / Division of Diabetes and Nutritional Sciences; S. Schnell, Division
of Diabetes and Nutritional Sciences; E. Chang, Kings College London;
C. Hogstrand, N. Bury, Kings College London / Division of Diabetes and
Nutritional Sciences; J.P. Sumpter, L. Margiotta-Casaluci, Brunel Univ /
Inst of Environment Health and Societies
In order to prioritize the risk of pharmaceuticals in the aquatic environment it is essential to understand exactly how much of a chemical is able
to enter a fish. The potential for uptake, elimination and net bioaccumulation are therefore key factors. We present a simple model for Pragmatic
Pharmaceutical Prioritization that undertakes progressive steps to assess
the utility of the fish plasma model (FPM) to assess the risk of key
compounds. The FPM aims to predict the concentration of a drug in
fish plasma starting from a given water concentration and is one of the
main tools used in the Read-Across approach; the hypothesis that similar
plasma concentrations of pharmaceuticals cause comparable targetmediated effects in both humans and fish at similar level of biological
organization. The FPM is a steady-state model and its predictions are
simply driven by physicochemical properties (i.e., Log Kow). So far, this
has been validated only for a small set of pharmaceuticals with a relatively narrow range of Log Kow values; further refinement is necessary
before its predictions can be reliably used to assess the uptake of pharmaceuticals with a wider and diverse range of physicochemical properties.
In particular, it will be crucial to establish the role of uptake processes
that are not dependent on Log Kow. The first step towards an improved
uptake model for pharmaceuticals (typically ionized; low logP) is to
accurately predict the uptake of a compound across the gill. We believe
in silico models are still some way off understanding all the processes
involved in the uptake of these compounds; so we developed an in vitro
organoid reconstruction of the gill using primary cell culture of rainbow
trout gills. This model replicates the ‘live’ gill and provides an ideal tool
to assess uptake and elimination of pharmaceuticals by both passive, and
most importantly, active processes. Once inside a fish, the availability of
a pharmaceutical is principally driven by the pharmacokinetics of that
compound. The metabolism and elimination, tissue distribution, protein
binding and availability to susceptible targets are all key features of how
simplistic bioaccumulation can be tuned to predict plasma concentrations
and therefore accurately model risk in fish. This presentation describes
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how we established the principle in vivo, moved to an in vitro approach
and are now looking to implement this knowledge in the environmental
risk assessment.
296 Preliminary results of the metabolic activity in alligator gar
(Atractosteus spatula): A comparison with rainbow trout (Oncorhynchus
mykiss)
K.M. Johanning, KJ Scientific LLC / dba of Pura Vida Connections, LLC;
A. Adams, M. Hebert, R. Howie, Q. Fontenot, A. Ferrara, Nicholls State
Univ / Biological Sciences
Metabolic stability of xenobiotics determines whether or not a chemical
is biotransformed and to what extent is biodegraded. Information on the
rate that test chemicals are or are not metabolized can be used to determine bioaccumulation potential or BCF (Bioconcentration factor), which
is important for regulatory purposes under REACH (Registration,
Evaluation, Authorization and Restriction of Chemicals). Under this
initiative, chemicals that have a log Kow > 3 and are produced in quantities greater than one ton/year, are regulated and must be tested for PBT
(Persistency, Bioaccumulation and Toxicity). The trout in vitro metabolism assay is among the new in vitro methodologies to test chemicals in
the PBT assessment. This assay is undergoing validation through the
OECD and gaining acceptance among regulatory agencies. The in vitro
trout metabolism assay decreases the number of animals used for testing,
costs and time required to obtain results. Despite of the advances in
these methodologies, we must evaluate in vitro metabolism assays across
a variety of species to better understand interspecies variation and differences in how species function under different or environmentally relevant
conditions such as dissolved oxygen concentrations and temperatures.
The objective of this research was to compare the in vitro metabolism in
the liver S9 fraction of alligator gar with rainbow trout as our reference
species. Alligator gar are unique ancient fish that provide a valuable
contrasting model to rainbow trout. Alligator gar live at higher temperatures and lower dissolved oxygen levels than rainbow trout. Differences
may be found in how these species do or do not metabolize xenobiotics. Laboratory or hatchery raised alligator gar and rainbow trout were
maintained at 230C and 130C, respectively. Fish were acclimated to
laboratory conditions for at least for a month prior to sacrifice. Fish were
euthanized and livers from alligator gar and rainbow trout were perfused
with a saline buffer (HBSS) at pH 7.8. After each perfusion liver S9
fractions were prepared following protocols established for rainbow
trout (Johanning et al., 2012). Phase I and II enzyme activities for both
species were compared. Thus far, EROD activities appear to be similar.
Experiments are ongoing to further compare metabolism and to explore
evolutionary strategies and adaptations at the physiological level.
297 Weight of evidence assessment of the PBT properties of cyclic
volatile siloxanes (cVMS)-1
J. Bridges, Univ of Surrey / Biomedical Sciences; K.R. Solomon, Univ of
Guelph / School of Environmental Sciences
The term weight of evidence(WoE) is increasingly being used by government agencies and others to describe a process by which they conduct
hazard/risk assessments. However there are major differences in what
they mean by the term and how it is used in practice. The purpose of
using a WoE methodology should be to make a hazard/risk assessment
process more transparent, consistent and less subject to bias by individual
risk assessors. A working definition of WoE is the testing of a hypothesis
(formulated problem), by the analysis of all the potentially appropriate publications and reports using predefined criteria for both quality
and relevance. The criteria in use for screening chemicals for POP and
PBT classification are based on the properties of stable, low volatility
aromatic chlorinated chemicals such as PCBs. cVMSs are highly volatile,
have an unusual combination of physico-chemical and surface active
properties and are therefore quite unlike the halo-based chemicals used
to establish the criteria for POPs and PBTs. The unusual properties of
the cVMS must be considered in the characterization of P, B, and T as
well as for long range transport (LRT). We have applied a quantitative
WoE to examine the P,B and T properties of the cVMS’s. The process
used is a stepwise one comprising the following: * Identification of all
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the publications and reports (data sets) that might be useful to test the
hypothesis * set aside data sets that give inadequate methodological
information and separate the remainder into types of methodology (lines
of evidence, LOE) * Identification of best practice for each aspect of the
methodology for each LOE and identify criteria for these and use this
to produce scoring sheets for all aspects of both quality and relevance(on
a scale 0-4) * determination of an average score for each LOE +/-SE for
both strength of evidence and relevance (also presentation of the findings
in tabular and/or graphical form for ease of understanding) * combination of the scores for the various lines of evidence using a suitable
weighting scheme to reach conclusions on the P,B and T properties. The
presentation will describe the methodology used in the above process.
The results of this assessment are provide in the subsequent paper by
Solomon and Bridges.

affected survival, reproduction, and growth of D. magna . Interestingly,
the results also indicate that in the Cd/Ni mixtures, similar results were
obtained for all the endpoints examined when compared to the Ni alone
experiment. This is indicative of non-interactive toxicity between Cd
and Ni. In light of such results, further experiments will be conducted to
determine mixture effect of Cd and Ni at higher concentrations.

Modeling and Interpreting Effects of Metals
Mixtures

300 Toxicity of metal mixtures in a mining-impacted stream to
Daphnia magna: Comparison of results in simulated and field-collected waters
K. Ebeling, Colorado School of Mines; J.F. Ranville, E. Traudt, Colorado
School of Mines / Chemistry and Geochemistry; J.S. Meyer, ARCADIS; S.A.
Smith, Colorado School of Mines
Many surface waters are impacted by elevated concentrations of multiple
metals resulting from acid mine drainage (AMD) and/or industrial
inputs. Because these elevated concentrations of metal mixtures sometimes can be toxic to aquatic life, there is a need to better understand and
predict the toxicity of metal mixtures in the environment. Laboratory
toxicity tests are important for providing data to develop multi-metal
toxicity models. Aquatic chemistry characteristics such as water hardness, alkalinity, and the concentration and composition of dissolved
organic matter exert important controls on aquatic toxicity; however,
many laboratory toxicity tests do not closely mimic the aqueous chemistry at contaminated sites. Therefore, it is difficult to accurately predict
the toxicity of metal mixtures in the field. We investigated differences in
the toxicity of Cd, Cu, Ni, and Zn to neonates of a freshwater invertebrate (Daphnia magna) in laboratory waters and in waters from the
Clear Creek Superfund Site, a Colorado stream impacted by AMD. Our
results suggest that the toxicity of metal mixtures in many routinely-used
laboratory waters differs from the toxicity observed in natural waters that
are contaminated with the same metals, even after accounting for differences in water hardness. Median lethal concentrations (LC50 values)
of Cd, Cu, Ni, and Zn in laboratory toxicity tests performed in USEPA
moderately hard reconstituted water differed substantially from LC50
values in toxicity tests conducted in site-simulated waters and in waters
collected from the field. For example, in USEPA moderately hard reconstituted water, toxicity to D. magna is considerably less-than-additive in
binary-metal tests with Cd and Zn and slightly more-than-additive in
binary metal tests with Zn and Cu. We also observed less-than-additive
toxicity of Cd and Zn mixtures and more-than-additive toxicity of Zn
and Cu mixtures in site-simulated and field-collected waters. However,
these effects were slightly dampened due to the differing aqueous
chemistry in the field water. This study highlights the importance of
water chemistry beyond only accounting for differences in water hardness, when extrapolating results of metal-mixture toxicity tests from
the laboratory to the field; and it emphasizes the need for bioavailability
models to quantitatively predict differences in toxicity of metal mixtures
between varying water types.

299 Chronic effectc of cadmium and nickel mixtures to Daphnia magna
E. Perez, Loyola Univ Chicago / Biology; T. Hoang, Loyola Univ Chicago /
Inst of Environment and Sustainability
The toxicity of metal mixtures has been studied for decades, but most
have considered acute toxicity. Subsequently, only a handful of studies have investigated mixture toxicity on aquatic biota at a chronic level
and sublethal concentrations. In aquatic ecosystems, metals are typically
found as mixtures of multiple elements and usually remain in the environment for long periods of time. Therefore, the aim of this study was to
characterize the chronic toxicity effects of cadmium (Cd) and nickel (Ni)
mixtures on the survival, growth, and reproduction (total neonates, neonate/adult/day and time to first brood) of Daphnia magna. Twenty-eight
day (28) toxicity tests were conducted simultaneously with Ni alone, Cd
alone, Cd/Ni mixtures and neonate D. magna based on ASTM testing
methods. Results indicate that a dissolved Cd concentration of 0.4µg/L
did not affect survival, reproduction or growth of D. magna when present
alone. In fact, 95% of D. magna survived to the end of the experiment.
At dissolved Ni alone concentrations ≤40 µg/L, no effect was found
to D. magna. However, at concentrations ≥ 120µg/L, Ni significantly

301 Interactive effects of waterborne metals (Cd, Cu, Ni and Zn), singly and in binary mixtures, on fathead minnow (Pimephales promelas)
reproduction
M. Driessnack, Univ of Saskatchewan - Toxicology Centre / Toxicology;
A. Jamwal, Univ of Saskatchewan / Biology Dept; S. Niyogi, Biology
Toxicology Centre
The present study examined the interactive effects of metals (Cd, Cu, Ni
and Zn) on fish reproduction during chronic waterborne exposures. We
used a 21-day fathead minnow reproductive bioassay, where fish were
exposed to isotoxic concentrations (15-20% of 96h LC50) of each metal,
both singly and in binary combinations (Cd and Cu, Cd and Zn, and Cu
and Ni). The main objectives were to: (a) to determine whether binary
metal combinations elicit antagonistic or additive interactions on fish
reproductive performance, and (b) to examine whether the responses of
key female reproductive and physiological biomarkers (mRNA expression of estrogen receptors (ER-α and ER-β), vitellogenin (Vtg) and
metallothionein (Mt), and plasma estradiol) are indicative of metal(s)induced alterations in reproductive output. Cumulative egg production
was found to be the most sensitive reproductive endpoint in our study,

298 Why excluding benthic invertebrate biotransformation in P
and B assessment may jeopardize ERA of hydrophobic organic
contaminants
H. Selck, Roskilde Univ / Dept Environmental Social and Spatial Change;
K.B. Woodburn, Dow Corning Corporation / HES
Current risk assessment of hydrophobic organic contaminants is based
on these contaminants’ potential to persist (P) in the environment,
bioaccumulate (B) in biota, and their potential toxicity (T). This presentation addresses the importance of environmental and physiological
factors for affecting bioaccumulation, specifically biotransformation, of
sediment-associated hydrophobic organic contaminants in the aquatic
environment; these factors collectively play a major role in contaminant
persistence. Special emphasis is placed on: 1) the impact of benthic
invertebrates on fate of sediment-associated contaminants, and 2) variability of biotransformation capacity among benthic invertebrate species.
In conclusion, even though biotransformation capacity varies widely
among benthic invertebrates, it is evident that biotransformation may
reduce body burden and facilitate the removal of sediment-associated
organic contaminants, and especially so in polychaete species thriving in
organically enriched and contaminated sediment. Existing risk assessment tools and methods may therefore not be designed to fully address
hydrophobic organic contaminants, and evidence suggests inclusion of
benthic invertebrate biotransformation in P and B assessment. By focusing future research on physiological properties that impact accumulation
and biotransformation of B and P substances, we will be able to reduce
uncertainty and thus improve our ability to estimate the first step in B,
namely transfer from the abiotic (sediment) to the lower trophic level
(i.e., the first step in the benthic-pelagic food web).
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which was significantly decreased in all of the single metal exposures
except Cd. The binary mixtures of both Cu and Cd, and Cd and Zn
produced more than additive effect on cumulative egg production in fish.
Interestingly however, no interactive effect of Cu and Ni was recorded on
fish reproductive output, as the cumulative egg production in Cu or Ni
only exposure was similar relative to that in their mixture treatment. The
hepatic mRNA expression of ER-α and ER-β was markedly influenced
only by the binary mixture of Cu and Cd, which also corresponded with
significantly reduced plasma estradiol level in this treatment relative to
that in the respective single metal and control treatments. In contrast, a
consistently significant down-regulation of Vtg mRNA expression and
up-regulation of Mt expression in fish liver was recorded across all the
metal mixture treatments. In general, hepatic Vtg and Mt expression
appeared to be better indicators of reproductive effects of binary metalmixtures in fish. The present study provides new mechanistic insights
into the reproductive toxicity of metals, both individually and in binary
mixtures.
302 On Water Hardness, Alkalinity, and the Differing Effects of a
4-Way Mixture of Cd, Se, SO4, and NO3 on Invertebrates
S. Bogart, Univ of Lethbridge / Dept of Biological Sciences; C. Meays,
Ministry of Environment; G.G. Pyle, Univ of Lethbridge / Biological
Sciences
Canadian water quality guidelines for the protection of aquatic life
(WQG) are typically determined using data from single-contaminant
exposures however aquatic ecosystems are increasingly exposed to
multi-contaminant mixtures with nearly unknown consequence. We
determined the toxicity of single-contaminants and a 4-way mixture
of Cd, Se, SO4, and NO3 at WQG concentrations to Daphnia magna
and Hyalella azteca in 50 (SOFT) and 250 (HARD) mg/L as CaCO3
water hardness, using standard, species-specific water recipes. Chronic
exposures of D. magna and H. azteca to the 4-way mixture in HARD
or SOFT water did not elicit mortality greater than acceptable limits for
the control (i.e., 10% and 20% for species used, respectively) however
acute exposure scenarios produced variable results. In acute exposures
in SOFT water, the 4-way mixture was not toxic to D. magna, however
in H. azteca tests, ~30% mortality was observed in the 4-way mixture
exposure despite there being < 10% mortality in any single-contaminant
exposure. Single-contaminant exposures of Cd in HARD water were
~95% lethal to D. magna and ~75% lethal to H. azteca, yet the 4-way
mixture was not lethal to D. magna but was ~75% lethal to H. azteca.
Binary mixtures testing revealed that SO4 ameliorated Cd toxicity in the
4-way mixture exposure to D. magna. We hypothesize that the observed,
acute, mixture toxicity (Hyalella) vs. amelioration (Daphnia) in HARD
water is explained by differing major-ion concentrations in the speciesspecific test waters used. Tests of D. magna were completed in water
with 175 mg/L as CaCO3 alkalinity while tests of H. azteca tests were
completed in water with 40 mg/L as CaCO3 alkalinity. Thus, it could
be that SO4-based amelioration of Cd is only possible, at the tested
concentrations, in waters of higher alkalinity, such as in the Daphniaspecific water, where Cd toxicity was ameliorated, in comparison to the
less alkaline Hyalella-specific water, where no amelioration was observed.
Our results show that single-contaminant based WQG may not offer the
desired level of aquatic resource protection when applied to a complex
mixture scenario. Our results also support further testing of the potential
effects of major ion concentrations in water, e.g., Ca, Mg, and HCO3,
which could alter the toxicity of multi-contaminant mixtures and produce unexpected results.
303 Statistical determination of non-additivity in toxicity of metal
mixtures to Daphnia magna
E. Traudt, J.F. Ranville, Colorado School of Mines / Chemistry and
Geochemistry; D.C. Thomas, Tyler Technologies; J.S. Meyer, ARCADIS
Currently there is no standardized statistical method to test for additivity of toxicity in chemical mixtures. We present a new method that is
useful when response addition is assumed and the mixture-toxicity tests
are conducted using a “titration” design, in which the concentration
of one chemical (the background chemical) is held constant while the
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second chemical (the varied chemical) is increased along a concentration
gradient from sublethal to lethal effects. To illustrate this method, we use
acute lethality data for Daphnia magna exposed to binary Cd-Ni, Cu-Ni,
and Ni-Zn mixtures. Qualitative analyses indicated that the toxicity of
Ni-Cd mixtures was less-than-additive (i.e., less toxicity than expected
from the individual-metal tests); the toxicity of Ni-Cu mixtures was
more-than-additive (i.e., greater toxicity than expected); and the toxicity
of Ni-Zn mixtures was additive or slightly less-than-additive. To statistically quantify these relationships, we determined the concentration
of the varied metal at the inflection point of the mixture’s concentration response curve (i.e., the ECxinfl, akin to the concentration of the
varied metal at which the residual survival is halved, after accounting
for mortality caused by the background metal). Unlike EC50 values, the
ECxinfl can be calculated even if the background mortality exceeds 50%.
The ECxinfl is a valid parameter for all mixtures, because it is the steepest portion of a dose-response curve, independent of the lower mortality
limits. As the concentration of the varied metal is increased in a sequence
of separate binary-metal tests (each with a separate background-metal
concentration), a significant decrease or increase of the ECxinfl from the
EC50 determined in the individual-metal test as the concentration of the
varied metal increases provides evidence for more-than-additive or lessthan-additive toxicity, respectively. This comparison of ECxinfl values
to the individual-metal EC50 is suitable because, assuming independent
toxic action, 50% of the residual survivors will die at the EC50 of the
varied metal. In these binary-metal tests, the statistical results generally
supported the qualitative inferences about additivity or non-additivity of
the metal mixtures. This proposed approach is more statistically appropriate than some other tests of additivity of toxicity, because it accounts
for uncertainty in both the predicted and the observed mixture-toxicity
results.
304 Chronic waterborne toxicity of binary mixtures of Ag, Cd, Cu,
Ni, Pb and Zn to the freshwater snail Lymnaea stagnalis
A. Cremazy, Dept of Zoology; K. Brix, C.M. Wood, Univ of British
Columbia / Dept of Zoology
Incorporating metal mixture toxicity into regulatory frameworks has
been an important focus of environmental scientists and regulators over
the past decade. As a result, great progress has been made in the development of new experimental, statistical and modeling approaches for
the interpretation of metal mixture toxicity. Nevertheless, more data are
needed to continue improving our understanding on this complex subject. Specifically, the chronic toxicity of metal mixtures has been sparsely
investigated in contrast to acute toxicity, despite its generally greater relevance for environmental risk assessment. The freshwater snail Lymnaea
stagnalis is highly chronically sensitive to a range of trace metals, with
effects on growth observed in relatively short 14-day exposures. These
aspects makes this species an ideal candidate for chronic metal mixture studies. In the present study, we investigated the effects of binary
mixtures of six environmentally relevant metals (Ag, Cd, Cu, Ni, Pb and
Zn) on the growth of juvenile L. stagnalis (starting weight = 5 – 10 mg)
in 14-day waterborne exposures. Metal interactive effects (antagonistic
and synergistic) were assessed from deviation from the two reference
models of Concentration Addition (CA) and Independent Action (IA),
using the mixture toxicity analysis framework developed by Jonker and
co-workers (Environ. Tox. Chem., Vol. 24, pp. 2701–2713, 2005), allowing the evaluation of dose-level and dose-ratio dependency. [This work is
funded with a CRD grant from NSERC, in partnership with Rio Tinto,
ICA, CDA, NiPERA and IZA].
305 Mesocosm experiments evaluate metal mixture toxicity on aquatic
insects
T.S. Schmidt, USGS / Water Resouces Div; H. Rogers, USGS / Fort Collins
Science Center; C. Mebane, USGS WRD / Water; L.S. Balistrieri, US
Geological Society
Despite often being the most diverse and numerically dominant group
of taxa in aquatic ecosystems, aquatic insects are under-represented in
ecotoxicology databases. Further, data available in these databases for
aquatic insects are mostly comprised of simplified short-term exposure
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scenarios that can be inconsistent with what is observed in natural
systems. Mesocosm experiments can bridge laboratory and real-world
environments and are particularly useful for investigating biological
effects of chemicals under conditions that mimic elements of real-world
exposures, yet maintain experimental control. As part of a multi-year
effort to develop a better understanding of the effects of metal mixtures on aquatic insects we conducted a 30-day mesocosm experiment
exposing aquatic insects to single, binary, and ternary mixtures of Cd,
Cu, and Zn. Nominal aqueous exposure concentrations ranged from
0.15- 11 µg/L for Cd, 3.1- 100 µg/L for Cu, and 125-1250 µg/L for Zn.
Dissolved metal concentrations were tracked through time while adult
emergence was measured daily. On day 30 larval survival and metal
concentrations in sediments, biofilms and in the caddisfly Brachycentrus
americanus tissues were measured. We present comparisons of aquatic
insect responses to binary and ternary mixtures relative to concentration
and response addition mixture toxicity concepts. We also contrast results
to those from field surveys in the context of a multi-metal biotic ligand
model.

Deepwater Horizon Oil Spill – Five Years
Later – Part 2
306 Role of crude oil ingestion by zooplankton in the fate of crude oil
spills in the sea
R. Almeda, Technical Univ of Denmark / DTU AQUA; T.L. Connelly,
Memorial Univ of Newfoundland; E.J. Buskey, Univ of Texas at Austin /
Marine Science Inst
After marine oil spills, crude oil droplets (1-100 µm) generated by natural mixing or/and application of dispersants are frequently in the prey
size spectra of zooplankton. However, ingestion of crude oil droplets
by zooplankton after spills has been commonly neglected in oil spill
research. We investigated and quantified defecation rates of crude oil by
single species of marine planktonic copepods (Temora turbinata, Acartia
tonsa, and Parvocalanus crassirostris) and natural copepod assemblages
after exposure to mechanically or chemically dispersed crude oil.
Approximately 88-100% of the analyzed copepod fecal pellets contained
crude oil droplets with median diameters ranging from 2.4 to 3.5 µm.
Depending on the species and experimental treatments, crude oil defecation rates ranged from 5.3 to 245 ng-oil copepod-1 d-1, which represent
a mean weight-specific defecation rate of 0.026 µg-oil µg-Ccopepod-1
d-1. Considering a dispersed crude oil concentration commonly found
in the water column after oil spills (1 µl L-1) and copepod abundances
in coastal areas, copepods may defecate ~1.3-2.6 mg-oil m-3 d-1, which
would represent ~0.15% - 0.30% of the total dispersed oil per day. Our
results indicate that ingestion and subsequent defecation of crude oil by
planktonic copepods has a small influence on the overall mass of oil spills
in the short term, but can be an important biological process in vertical
flux and transfer of low solubility and highly toxic petroleum hydrocarbons through marine food webs after crude oil spills in the sea.
307 Impacts of the 2010 Deep Water Horizon oil spill on costal and
pelagic fish from the Gulf of Mexico
M. Grosell, Univ of Miami / Dept of Marine Biology and Ecology; D.D.
Benetti, Univ of Miami / Dept of Marine Ecosystems and Society; A.
Esbaugh, Univ of Austin Texas / Marine Science Inst; A.P. Roberts, Univ
of North Texas / Dept of Biology Inst of Applied Science; D. Crossley, W.
Burggren, Univ of North Texas / Dept of Biology; D. Schlenk, Univ of
California Riverside / Dept of Environmental Sciences
A consortium “RECOVER” (Relationships of Effects of Cardiac
Outcomes in fish for Validation of Ecological Risk) consisting of seven
co-PIs and a total of ~ 30 scientists from four institutions was formed
and supported by the Gulf Of Mexico Research Initiative (GoMRI).
RECOVER aims to assess impacts of Deep Water Horizon oil, in
combination with natural light, on Gulf of Mexico fish species, as well
as to explore the potential for recovery following transient oil exposure. Impacts are being assessed on the costal red drum and the pelagic

mahi-mahi using a range of life stages and multiple levels of biological
organization, ranging from subcellular and molecular, to population
and prey-predator interaction levels. In addition to cardiotoxic effects
of oil exposure, a number of alternative modes of action for oil exposure
are being evaluated. Wild captured brood stocks of mahi-mahi and red
drum at some of the RECOVER institutions ensure continuous access to
embryos, larval, juvenile and adult life stages for experimentation. One
key objective of RECOVER is to relate genome wide expression changes
induced by oil exposure to phenotypic performance using adverse
outcome pathway analyses. Performance evaluation includes cardiac
output (nanoliters per min) and blood pressure measurements in larval
fish using 3D imaging techniques in combination with micro-electrode
applications as well as adult fish via flow-probe and pressure transducer
instrumentation during progressively exhaustive exercise. Swim tunnel
respirometry, respirometry and swimming kinematics analyses are used
to provide integrative measures of metabolic rates and overall aerobic
performance before, during and after oil exposure. The population level
effects, and thus ecological relevance of oil induced impacts at the level
of individual fish, is being assessed by a range of predator-prey interaction analyses for mahi-mahi and red drum. An overview of RECOVER
activities and objectives will be presented. This research was made possible by a grant from BP/The Gulf of Mexico Research Initiative to the
RECOVER consortium.
308 Toxicity of very thin surface slicks of Deepwater Horizon oil to
Gulf of Mexico fish and invertebrate embryos and larvae
J.M. Morris, Stratus Consulting; H.P. Forth; C. Lay, Stratus Consulting
- Abt Associates; R. Takeshita; M. Krasnec, Stratus Consulting Inc. Abt
Associates; J. Lipton, Stratus Consulting, Inc.; T. Lindsey, Louisiana State
Univ; F. Galvez, Louisiana State Univ / Dept of Biological Sciences; M.M.
Alloy, Univ of North Texas / Biology; C. Overturf, Univ of North Texas /
Dept of Biology Inst of Applied Science; T.R. Garner, Univ of North Texas;
A.P. Roberts, Univ of North Texas / Dept of Biology Inst of Applied Science;
E. Mager, J. Stieglitz, Univ of Miami - RSMAS / Division of Marine
Biology and Fisheries; C. Pasparakis, Z. Yao, Univ of Miami; D.D. Benetti,
Univ of Miami / Dept of Marine Ecosystems and Society; M. Grosell,
Univ of Miami / Dept of Marine Biology and Ecology; E. Chesney, K.
O’Shaughnessy, Louisiana Universities Marine Consortium; B. Woodall, J.P.
Roberts, M. Boulais, A. Volety, Univ of North Carolina Wilmington
In support of the Deepwater Horizon (DWH) Natural Resource Damage
Assessment, we conducted several exposures of early lifestage Gulf of
Mexico fish and invertebrate to very thin surface slicks generated with
DWH oil. Species tested to date include bay anchovy, eastern oyster,
Gulf killifish, mahi-mahi, red drum, and speckled sea trout. The surface
slicks were very thin (~1µm) and we generated the slicks using two types
of naturally weathered DWH oil collected from the field during the spill.
We conducted the exposures for various lengths of time ranging from 2
to 96 hours during different embryologic and larval developmental periods for some tests. Additionally, for some species we included UV light
as an additional stressor to assess the impacts of photo-induced toxicity.
We measured survival, hatching success and heart rate following exposure to the surface slicks. Exposure to the thin surface slicks was acutely
toxic and exposure timing and duration affected toxicity. Additionally,
exposure to UV light following exposure to the surface slicks resulted in
severe photo-induced toxicity. We will present a synthesis of the results
of more than 40 bioassays and chemical characterization tests conducted
in collaboration with 6 different laboratories.
309 The use of Eicosanomics to investigate adverse outcomes of
DOSS exposure in the Chorioallantoic membrane
T. Cantu, Medical Univ of South Carolina / OBGYN; A. Temkin, Medical
Univ of South Carolina / Marine Biomedicine and Environmental Studies;
J. Bowden, National Inst of Standards Tech / Environmental Chemical
Sciences Group; D. Spyropolos, Medical Univ of South Carolina / Dept of
Laboratory Medicine and Pathology; L.J. Guillette, Medical Univ of South
Carolina / Marine Biomedicine and Environmental Sciences OBYGYN
Eicosanoids are deemed ‘local’ hormones and are gatekeepers of
inflammation and the immune response; the diverse family includes
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prostaglandins, leukotrienes, lipoxins, thromboxanes, and resolvins/
protectins. These chemical messengers have a vast array of functions,
which vary from promoting angiogenesis to resolving inflammation. Due to their diversity, lipidomics platforms for global eicosanoid
measurement (termed eicosanomics) have been used clinically and in the
laboratory to study eicosanoid signaling comprehensively. While the
traditional platform for eicosanomics has been limited to clinical studies (Dennis, Maddipati, etc.), the application of this new technique for
evaluating environmental health presents a promising novel direction.
Currently, there exists little data to examine how obesogens affect the
global eicosanoid pathway through high-throughput ‘omics’ technologies. Further, obesogen exposure outcomes have focused on adipocytes.
While this information is crucial for lipid signaling in adipocytes, there
are few studies investigating the effect of a putative ‘obesogen’ on lipid
homeostasis and biosynthesis within the placenta. In this investigation,
we explore how Dioctyl Sodium Sulfosuccinate (DOSS) exposure alters
eicosanoid biosynthesis in the chorioallanotic membrane (CAM) of
chickens through lipidomic analysis of over 100 bioactive eicosanoids.
Eicosanoids are measured through Liquid Chromatography/Tandem
Mass spectrometry and employ standard calibration curves for all
compounds measured (all R2 above .97). The chicken chorioallantoic
membrane assay has been used extensively to determine angiogenic
potential of certain compounds, and it is vital for our understanding of
blood flow and vasodilation. In this study, we propose that it serves as a
model of placental function in oviparous species. As the egg is a ‘closed’
system, there is no maternal-placental (uteroplacental) blood circulation;
thus, it is useful for testing the effects of exogenous chemicals considered environmentally significant. Preliminary data has identified over
22 eicosanoids present in CAM tissue, and collaborative work with the
Spyropoulos lab has identified changes in eicosanoid secretion by stem
cells exposed to DOSS. Ongoing work will investigate how DOSS exposure in the chicken alters eicosanoid pathways throughout embryonic
development.
310 Photo-enhanced Toxicity of Deepwater Horizon Spill Oil to
Larval Red Drum and Speckled Seatrout
M.M. Alloy, Univ of North Texas / Biology; K. Bridges, UNT / Dept of
Biology Inst of Applied Science; R. Garner, Univ of North Texas / Biology;
C. Mansfield, Clemson Univ / Environmental Toxicology; M.W. Carney,
Stratus Consulting Inc; H.P. Forth; M. Krasnec, C. Lay, Stratus Consulting
Inc Abt Associates; R. Takeshita; J.M. Morris, Stratus Consulting; S.
Bonnot, Texas Parks and Wildlife; J. Oris, Miami Univ / Dept of Biology;
A.P. Roberts, Univ of North Texas / Dept of Biological Sciences Inst of
Applied Science
The 2010 Deepwater Horizon (DWH) oil spill resulted in the release
of millions of barrels of crude oil into the Gulf of Mexico. Photoinduced toxicity following co-exposure to ultraviolet (UV) radiation
is one mechanism by which polycyclic aromatic hydrocarbons (PAHs)
from oil spills exert toxicity. Photo-induced toxicity is a phenomenon in
which molecules of certain PAHs interact synergistically with ultraviolet
radiation. This interaction generates reactive oxygen species resulting in
acute toxicity at PAH concentrations lower than those which result in
effects in the absence of UV. Early lifestages of aquatic organisms are
generally more susceptible to photo-induced toxicity than juvenile and
adult stages. The goal of these studies was to determine the sensitivity
of larvae of two Gulf of Mexico near-shore spawning fish species, red
drum (Sciaenops ocellatus) and speckled seatrout (Cynoscion nebulosus), to
PAH photo-induced toxicity. Larvae were exposed to dilutions of water
accommodated fractions of DWH spill oil and natural sunlight (three
intensities) in a fully factorial design. Here, we report that co-exposure
to sunlight and DWH spill oil resulted in LC20 values ranging from
0.13 to 2.4 µg/L tPAH50 (sum of 50 polycyclic aromatic hydrocarbons
[tPAH50]). Toxicity occurred in a PAH and UV dependent manner
and in a relatively short time period (< 24hrs). These data suggest that
bioassays that do not include a UV component may underestimate the
potential for toxicity of oil spills to aquatic species.
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311 Effects of Deepwater Horizon oil and dispersants on various life
stages of oysters
A. Volety, Univ of North Carolina, Wilmington / Marine and Ecological
Sciences; J. Vignier, Univ of Brest; B. Woodall, J.P. Roberts, Univ of North
Carolina Wilmington; A. Loh, Univ of North Carolina Wilmington / Dept
of Geology and Geography; P. Soudant, Univ of Brest; F.E. Chu, Virginia
Inst of Marine Science; L. Haynes, Florida Gulf Coast Univ; J.M. Morris,
Stratus Consulting; C. Lay, M. Krasnec, Stratus Consulting Inc. Abt
Associates; J. Lipton, Stratus Consulting, Inc.
The 2010 Deepwater Horizon Oil Spill released oil into the Gulf of
Mexico. Many of the polycyclic aromatic hydrocarbons and other oil
constituents found in oil are toxic. The oil spill, which continued for
three months and which resulted in extensive exposure of nearshore
habitats well beyond the period when oil was being discharged from
the wellhead, coincided with the spawning season of the Eastern oyster
(Crassostrea virginica), an environmentally and commercially important
shellfish species in the Gulf of Mexico. The long planktonic nature (14 to
21 days) of oyster larvae, sedentary nature of adult oysters, high filtration rates and their micro algal/particulate diet make them vulnerable to
acute exposure to contaminants both in solution and bound to suspended
sediment, and adsorbed onto algal and other particles. We conducted a
series of experiments to examine the effects of the Deepwater Horizon
(DWH) oil and dispersants on various life stages of oysters ranging
from gametes to adults. Oysters were exposed to water accommodated
fractions of oil (with and without dispersant), sediment elutriates,
contaminated sediment, and contaminated algae. Fertilization success,
morphological development, growth, survival and settlement success
after these exposures were measured. Fertilization success decreased,
developmental abnormalities increased, and larval growth, survival
and settlement, and reproductive development of adults decreased in a
dose-dependent manner relative to oil exposure and exposure duration.
Results suggest that exposure of various life stages of oysters to oil and/
or dispersants will have a negative impact on overall growth and survival
and may have implications on the population structure.
312 Photo-enhanced Toxicity of Fresh and Weathered Macondo
Crude Oils to Marine Organisms Exposed to Natural and Artificial
Sunlight
B. Finch, Oregon State Univ / Environmental and Molecular Toxicology; S.
Marzooghi, D.M. Di Toro, Univ of Delaware / Civil and Environmental
Engineering; B.A. Stubblefield, Oregon State Univ / Environmental and
Molecular Toxicology
Crude oils contain a mixture of hydrocarbons including phototoxic
polycyclic aromatic hydrocarbons (PAHs) that are novel in their ability
to absorb ultraviolet (UV) light. PAH absorption of UV light can substantially increase toxicity to marine organisms. The study objective was
to examine potential for photo-enhanced toxicity of fresh and naturally
weathered Macondo crude oils collected from the Deepwater Horizon
incident to the Gulf of Mexico species mysid shrimp (Americamysis
bahia), inland silverside (Menidia beryllina), sheepshead minnow
(Cyprinodon variegatus), and Gulf killifish (Fundulus grandis). Acute
toxicity tests were conducted using combinations of natural or artificial
sunlight and low energy water-accommodated fractions (LEWAFs) of
fresh and weathered Macondo crude oils. LEWAFs were prepared with
crude oil alone as well as in combination with the dispersant Corexit
9500. Species sensitivity comparisons among different crude oils were
made using median lethal LEWAF concentrations (LC50s). Weathering
of crude oil reduced the photo-enhanced toxicity of Macondo crude oils.
The addition of Corexit 9500 to crude oils increased measured PAH
concentrations and toxicity compared to crude oil alone studies. Corexit
9500 when tested alone was not phototoxic, as indicated by similar
observed toxicity in the presence and absence of UV light. Overall, fresh
and weathered Macondo crude oils have the potential to be phototoxic
to Gulf of Mexico marine organisms. PAH concentrations measured
in LEWAFs were greater than the majority of the PAH concentrations
measured in Gulf of Mexico water samples from June 2010 to July 2012.
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313 Toxic effects of Deepwater Horizon oil on early life-stage red
drum and speckled seatrout
R. Takeshita; H.P. Forth; M. Krasnec, Stratus Consulting Inc. Abt
Associates; M. Carney, C. Lay, C. Mansfield, Stratus Consulting - Abt
Associates; M.M. Alloy, Univ of North Texas / Biology; K. Bridges, UNT /
Dept of Biology Inst of Applied Science; R. Garner, Univ of North Texas /
Biology; S. Bonnot, Texas Parks and Wildlife; A.P. Roberts, Univ of North
Texas / Dept of Biological Sciences Inst of Applied Science; J.M. Morris,
Stratus Consulting; J. Lipton, Stratus Consulting, Inc.
In 2010, the Deepwater Horizon (DWH) blowout caused the release
of millions of barrels of oil into the Gulf of Mexico, resulting in the
contamination of coastal ecosystems. In support of the DWH Natural
Resource Damage Assessment, we conducted a series of laboratory tests
to investigate the toxicological impacts of DWH oil on early life-stage
coastal fish. Embryos and larvae of red drum (Scianops ocellatus) and
speckled seatrout (Cynoscion nebulosus), two ecologically and recreationally important fish species of the Gulf coast, were exposed to oil via
water accommodated fractions (WAFs) for 24–72h. We used highenergy (HEWAF), low-energy (LEWAF), and chemically-enhanced
(COREXIT 9500: CEWAF) preparations of WAFs with two types
of DWH surface oil collected during the DWH response (Slick A and
Slick B). Our analysis is ongoing, but DWH oil’s lethal effects on both
red drum and speckled seatrout demonstrate a similar dose-dependent
relationship, with LC20 values for all time-points and WAF preparations ranging from 9.4 to 34.0 µg tPAH50/L for red drum and 6.2 to
49.2 µg tPAH50/L for speckled seatrout (sum of 50 polycyclic aromatic
hydrocarbons [tPAH50]). Both oils resulted in similar toxicity (when
comparing tPAH50 concentrations), and the WAF preparation method
slightly affected toxicity. Exposure duration and age of the animals also
influenced toxicity. Our results demonstrate that DWH oil alone is toxic
to the early life-stages of red drum and spotted seatrout.

Assessing Contaminant Effects in Multistress Ecosystems
314 Bioavailability of organochlorine chemicals and molecular
changes in fathead minnows from single and complex mixture
exposures
V. Dang, K.J. Kroll, Univ of Florida / Physiological Sciences; S. Supowit,
Arizona State Univ / Biodesign CES; R.U. Halden, Arizona State Univ /
The Biodesign Inst Center for Environmental Security; N.D. Denslow, Univ
of Florida / Physiological Sciences
High levels of organochlorine based chemicals are measured in organisms at contaminated sites around the world, potentially affecting
survival, growth and reproduction of aquatic organisms. We conducted
a 21-d feeding study to measure trophic transfer of chemicals from
blackworms (Lumbriculus variegatus) to fish (fathead minnows) and
molecular effect endpoints in fish. Fish were fed worms exposed to 5
individual organochlorine chemicals featuring varying Kow values,
including triclosan, triclocarban, fipronil, dieldrin and p,p’-DDE or two
mixtures, one with the organochlorine pesticides (OCPs) dieldrin and
p,p’-DDE and a second one with triclosan, triclocarban and fipronil.
Body burdens of chemicals in worms and fish were analyzed by LC-MS/
MS and GC-MS/MS and effects of contaminants on the hepatic
transcriptome were measured from the singly or mixture contaminated
fish. The fish bioaccumulated contaminants quickly, showing steady state
levels within 7 to 14 days of the feeding. Uptake patterns of chemicals by
fish were not different when fish were fed worms exposed to either single
chemicals or a mixture of chemicals. However, there was little overlap in
gene expression profiles in mixture experiments compared to the single
chemical experiments, revealing the challenges associated with seeking to forecast the biochemical effects of mixtures at the transcriptome
level. For example, the two organochlorine pesticides have different
modes of action, and this was reflected by an observed lack of overlap in
biological processes that were affected in exposed fish. Treatments with

triclosan, triclocarban, and fipronil affected several shared processes, but
each chemical also had an individual set of altered processes, suggesting
partial overlap in the biochemical pathways that these chemicals target.
The mixture of triclosan, triclocarban and fipronil altered cell processes
including mRNAs for ribosomal proteins, mRNA transcription and processing, response to oxidative stress, and apoptosis, among others. These
results suggest that fundamental biochemical processes related to health
and reproduction are affected by these contaminants and that single
compound exposure information cannot necessarily serve to predict the
effect of exposures to mixtures of pollutants.
315 EFFECTS OF INSECTICIDES ON STREAM
INVERTEBRATES IN SOY PRODUCTION REGIONS IN
SOUTH AMERICA
L.S. Hunt, URS Corporation; C. Bonetto, Instituto de Limnología –
Dr. Raúl A. Ringuelet; M.J. Lydy, Southern Illinois Univ-Carbondale
/ Center for Fisheries Aquaculture and Aquatic Sciences; D.F. Buss,
Fundacao Oswaldo Cruz / Laboratório de Avaliação e Promoção da Saúde
Ambiental; S. Fanelli, Instituto de Limnología – Dr. Raúl A. Ringuelet; M.
Marrochi, CONICET / Instituto de Limnología – Dr. Raúl A. Ringuelet
ILPLA CONICETCCT La Plata UNLP; M. Liess, UFZ Center for
Environmental Research / Dept of SystemEcotoxicology; V.H. Resh, UC
Berkeley
We measured sediment concentrations of 17 insecticides and collected
benthic invertebrate community samples in 48 streams in intensive soy
production regions of South America (Argentina in 2011-2014, Paraguay
and Brazil in 2013) during peak application periods. We also measured
environmental variables, such as stream buffers and habitat quality.
Although environmental regulations are quite different in each country,
the most commonly used insecticides were detected at high frequencies
in all regions. Maximum concentrations and detection frequencies for
each sampling event ranged from: 1.2–7.4 ng/g dry weight (dw) chlorpyrifos (56-100%); 0.89–8.3 ng/g dw cypermethrin (20-100%); 0.42–16.6
ng/g dw lambda-cyhalothrin (60-100%); and 0.49–2.1 ng/g dw endosulfan (13-100%). Other insecticides were detected less frequently. In
all regions, cypermethrin and/or lambda-cyhalothrin toxic units (TUs)
based on Hyalella azteca LC50s were occasionally >0.5 (indicating likely
acute toxicity), while TUs for all other insecticides were < 0.5. Although
H. azteca does not occur in the study regions, we found that H. curvispina, which is widespread in South America, had similar sensitivity to
the four most commonly detected insecticides, based on bioassays we
conducted. In Argentina, where Hyalella spp. comprise an important part
of the low gradient Pampas stream communities, we found that their
relative abundance decreased as pesticide TUs increased. Although the
high gradient streams in the Brazil and Paraguay Atlantic-forest study
regions do not contain appropriate habitat for Hyalella spp., they do
support many other taxa that are reported to be sensitive to pesticides,
such as mayflies, caddisflies and decapods. To quantify and compare the
community-level effects of pesticides and other stressors, we are adapting
the Species at Risk (SPEAR) index for both habitat types (pampas and
Atlantic forest streams). Buffer zones between streams and agricultural
fields are an important management practice for preventing pesticides
from reaching streams and for maintaining high quality stream habitat. Combining data for all regions, there was a negative relationship
between buffer width and insecticide TUs, and 83% of sites with average
total TU>0.5 had buffers of < 20m. While Brazil and Paraguay require
forested stream buffers, there are no such regulations in the Argentine
pampas and buffer widths there were smaller.
316 Coho Salmon Spawner Mortality in Pacific Northwest Urban
Watersheds: Lethal Stormwater Impacts are Prevented by Soil
Bioinfiltration
J.A. Spromberg, Ocean Associates Inc.; D.H. Baldwin, NOAA Fisheries
/ Northwest Fisheries Science Center; J. McIntyre, Puyallup Research
Extension Center; S. Damm, US Fish and Wildlife Service; J.A. Davis, San
Francisco Estuary Inst; J. Davis, US Fish & Wildlife Service / Division of
Environmental Assessment and Restoration; N. Scholz, NOAA Fisheries
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Adult coho salmon (Oncorhynchus kisutch) return each fall to freshwater
spawning habitats throughout western North America. The migration coincides with increasing seasonal rainfall, which in turn increases
stormwater runoff, particularly in watersheds with urban and suburban
land cover characteristics (e.g., impervious surfaces). For more than a
decade, field assessments in urban streams have shown that adult coho
are dying prior to spawning, often at rates exceeding 50% of the entire
fall run. The syndrome is characterized by a loss of orientation and equilibrium, leading to death on a time scale of a few hours. Such high levels
of mortality are a significant concern for the long-term conservation and
recovery of wild coho, particularly those distinct population segments
vulnerable to ongoing and future development pressures in the Pacific
Northwest. Stressors related to temperature, oxygen, and pathogens have
been ruled out based upon extensive forensic data. Although indirect
evidence from forensic investigations and geospatial land use analyses
has implicated toxic runoff as causing the mortality syndrome, this
has not been directly demonstrated. Therefore, we exposed otherwise
healthy coho spawners to undiluted stormwater collected from a high
traffic volume urban arterial (i.e., highway runoff) and highway runoff
that was first pre-treated via bioinfiltration through experimental soil
columns to remove pollutants. We found that untreated highway runoff
collected during nine distinct storm events was universally lethal to
adult coho relative to unexposed controls. The mortality syndrome was
prevented when highway runoff was pretreated by soil infiltration. Our
findings show that exposure to urban stormwater is sufficient to cause the
adult coho mortality syndrome. Moreover, although the causal chemical
stressor(s) have not yet been identified, conventional green stormwater
infrastructure can effectively protect adult spawners from the acutely
toxic effects of highway runoff. Integration of these types of infrastructure may protect salmonid habitat in urban watersheds.
317 From single-species to aquatic communities - How can we get the
most for mixture toxicity assessments?
S. Hasenbein, Univ of California, Davis / VMAPC; S. Lawler, Univ
of California Davis / Entomology and Nematology; J. Geist, Technische
Universität München / Aquatic Systems Biology Unit; R.E. Connon, Univ
of California, Davis / School of Veterinary Medicine
Water pollution is a major threat to biological diversity worldwide.
Increased pesticide use, and their application as mixtures, is one of many
drivers affecting habitat health. Most data used in risk assessment of
pesticides are based on single species tests using single substances, at
concentrations that are usually not environmentally realistic, with few
assessments including sublethal endpoints. In order to bridge the gap
between laboratory toxicity tests using individual chemicals, and the
effects of mixture toxicity on aquatic ecosystems, we first conducted laboratory-based toxicity assessments of single and combined exposures of
three commonly used insecticides: two pyrethroids; lambda-cyhalothrin
and permethrin, and one organophosphate; chlorpyrifos, on lethal and
sublethal effects on Chironomus dilutus and Hyalella azteca, two important
ecotoxicological testing organisms. We then evaluated these conditions
on community composition within a 6-month multi-species field study
using mesocosms, composed of naturally developed invertebrate communities. In the laboratory-based single-species tests, growth and motility
were significantly affected at ecologically relevant concentrations. The
effects of mixture exposures, at relative toxic concentrations, were less
severe than those observed in the single exposures. In the mesocosms,
the effects of a series of applications of tertiary contaminant mixtures
resulted in significant decrease of H. azteca population, and zooplankton
species such as copepods and cladocera. The lethal concentrations determined in single-species tests in the laboratory do not necessarily reflect
the effects predicted in the environment. By using lab-based toxicity tests
it is possible to determine ecologically relevant sublethal effects under
controlled conditions within a very short period of time. Mesocosms on
the other hand allow us to evaluate long-term community and food-web
effects. Both approaches provide essential information for understanding mixture toxicity and evaluating their effects on aquatic ecosystems,
which can be used in risk-assessments of contaminants of concern.
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318 Developing New Diagnostic Tools for Stream Causal Assessment
K.C. Schiff, D. Gillett, Southern California Coastal Water Research Project
California is creating a biological integrity policy (aka biocriteria) for
perennial wadeable streams. An important element of the new policy
is to develop tools for determining the specific causes of impairment
when streams are not meeting the new regulatory policy. Unfortunately,
causal assessment has been used rarely in California and it is unclear
how well existing causal assessment tools work in California’s diverse
stream habitats and multitudes of stressors. The goal of this study was
to evaluate the current tools from the USEPA – the Causal Analysis/
Diagnosis Decision Information System or CADDIS – in California
through a series of case studies across a variety of ecological landscapes,
human land use types, and proximate stressors. In general, the evaluation
of CADDIS was positive, but its success in multiple stressor watersheds limited its current applicability in California. These cumulatively
impacted systems do not respond to the upstream-downstream stressor
framework on which CADDIS was originally built. Therefore, this talk
will particularly focus on the new diagnostic tools being developed in
California for improving on the CADDIS framework for multi-stressor
stream systems. These tools include using multivariate approaches for
objectively selecting comparator sites with similar environmental settings
as the targeted test site - even if they are not in the same watershed, new
scoring tools for determining the optimal metrics for assessing biological alteration, using the State’s reference site network to define biological
changes relative to natural expectations (and shifting natural expectations with global climate change), differentiating physical habitat from
water quality impacts, as well as predictive modeling and cumulative risk
distributions for quickly and cost effectively screening potential stressors.
These new tools are being developed in California’s urban, agricultural,
and timber harvest impacted watersheds.
319 Evaluating relations between stressors and ecological endpoints
in streams at the regional scale
P.C. Van Metre, USGS / Texas Water Science Center; I. Waite, USGS; T.S.
Schmidt, USGS / Water Resources Div; D. Carlisle, R. Gilliom, USGS
Relations between environmental stressors in streams—contaminants,
nutrients, streamflow, temperature, and habitat—and ecological communities are highly complex. The US Geological Survey Regional Stream
Quality Assessments (RSQA) are evaluating stressor-condition relations
for wadeable streams for several regions of the United States. The assessments combine extensive chemical characterization of about 100 streams
for a 2–3 month index period, continuous monitoring of stage/flow and
temperature, and ecological surveys of habitat and algal, invertebrate,
and fish communities. Focus studies to better understand sources or
effects of specific stressors also are being conducted. Regional-scale
studies can potentially provide the statistical power necessary to evaluate
the effects of multiple stressors on ecological communities and to develop
models to predict stressors and ecological conditions at unsampled
sites. The first RSQA, in 2013, investigated stream quality across the
Midwestern US corn belt in collaboration with the US Environmental
Protection Agency. Stressor measures indicate unusually high nitrate
concentrations, frequent detection of pesticides, and a dominance of
fine-grained sediment at most sites. Initial analyses of stressors and
invertebrate communities indicate that habitat, nutrient, and contaminant metrics all have some importance and that stressor characterization
might be sufficient to explain community condition without including land-use/land-cover variables in the models. Additional modeling
of stressors as a function of watershed characteristics should allow the
extrapolation of ecological models to unsampled streams in the region.
320 One, two, too many; multiple stressors and the adaptive assessment, remediation and management of contaminated landscapes
W.G. Landis, A.J. Markiewicz, Western Washington Univ / Inst of
Environmental Toxicology
Ecological risk assessment has found it historically difficult to deal with
multiple sources of multiple stressors with exposure to multiple habitats that cause effects to a number of endpoints. However, it is essential
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that in the remediation and long-term management of contaminated
landscapes that this be done at a decade or longer timescales. Adaptive
management (AM) is often hailed as the process for the management of
such landscapes. Landscapes under remediation are subjected to a number of other stressors, and often are managed for the continued extraction
of natural resources and ecosystem services. Unfortunately the analytical
tools necessary to implement an adaptive management approach have
not developed to match the scale of the need. One of the assumptions
of AM is that testable predictions are made that then can be tested by
before and after management implementation (BACI) design. BACI
designs have a number of assumptions and limitations, one of which is
that natural factors are in a natural equilibrium be it static or dynamic.
At a regional scale this assumption is violated given climate change, nonindigenous species, population growth and technological innovation.
Ecological risk assessment offers an alternate means of making predictions that embraces change, the associated uncertainty, and fits into an
adaptive management framework. Incorporating Bayesian networks into
the relative risk model (BN-RRM) allows probabilistic predictions to be
made regarding risks due to specific stressors. Management options can
be evaluated and the magnitude of change in risk to endpoints evaluated.
Sensitivity analysis points to the variables most important to monitor and
with what degree of accuracy and precision. The models are updateable
as new information is obtained from field monitoring or related research.
The output can then be placed into a decision analysis framework to
evaluate the trade-offs of various options.
321 Climate Change and Ecological Risk Assessment for
Contaminated Sites
L. Gaasland-Tatro, Western Washington Univ / Environmental Science;
W.G. Landis, Western Washington Univ / Inst of Environmental Toxicology
The SETAC international workshop “The Influence of Global
Climate Change on the Scientific Foundations and Applications of
Environmental Toxicology and Chemistry” demonstrated that climate
change will interact with toxicants and consideration of climate change
will be important for the long-term management of contaminated sites
(Environmental Toxicology and Chemistry, vol 32 issue 1, 2013). This
project has two goals, investigating methods for incorporating climate
change with contaminants in ecological risk assessment and understanding the effects of these stressors on the South River. Our study
incorporates climate change predictions for temperature and precipitation into a Relative Risk Model (RRM) framework for the South River,
a Mercury contaminated legacy site in northern Virginia. We selected
an ensemble of seven global circulation models downscaled to predict
region specific temperature and precipitation changes through the end of
the century. The ensemble of climate predictions allowed us to quantify
potential effects from a range of possible changes in temperature and
precipitation. The future climate scenarios provided inputs for Bayesian
networks used to calculate relative risk to two bird species and two fish
species with different mercury exposure routes. The Bayesian networks
allow us to quantify the uncertainty inherent in calculating risk to a novel
ecological system from climate predictions. Our results will provide managers with a quantitative method for assessing potential climate change
effects to biological endpoints and avoid unintended consequences in
long-term site management. The versatility of Bayesian networks allows
the RRM framework to be adapted for incorporating site-specific climate
predictions for other endpoints and ecological systems.

Ecological Consequences of Exposure to
Pharmaceuticals – Part 2
322 Evaluation of Prioritization Methods in Relation to Adverse
Impacts of Pharmaceuticals on Fish Reproduction
M. Overturf, J.C. Anderson, Z.P. Pandelides, L. Beyger, D.A. Holdway,
Univ of Ontario Inst. of Tech / Faculty of Science Biology
Environmental toxicology research involving pharmaceuticals has
increased greatly over the last 10-15 years. Much research has focused
on the endocrine disruption potential of pharmaceuticals as they relate

to negative population impacts of aquatic organisms. With the growing number of pharmaceuticals being manufactured and detected in
the environment, testing of each chemical for impacts on reproduction
is not practical at the present time as is required for several regulatory needs. Therefore, prioritizing pharmaceuticals for further testing
has been identified as a major priority amongst the scientific community. Many approaches have been identified and implemented using
therapeutic class, mechanism of action, and/or chemical properties as
criteria for selection. This presentation will review the current data on
the reported effects of pharmaceuticals on fish reproduction with an
emphasis on fecundity, a predictor of population effects. In addition, an
extensive evaluation of prioritization methods as they relate to predicting
reproductive impacts on fish will be discussed. As global use of pharmaceuticals continues to rise, the need to discern the effects of chronic
exposure to these compounds is greatly increased. Therefore, implementing appropriate prioritization models will greatly enhance in identifying
those pharmaceuticals that pose the greater risk to fish reproduction.
323 Beyond emerging contaminants: bioactive transformation products and their implications for ecosystem health
D.M. Cwiertny, Univ of Iowa / Dept of Civil and Environmental
Engineering; E.P. Kolodziej, Univ of Washington Tacoma/Seattle /
Center for Urban Waters Interdisciplinary Arts and Sciences Civil and
Environmental Engineering
Environmental transformation processes, including those occurring in
natural and engineered aquatic systems, do not necessarily significantly
alter molecular structures of bioactive pharmaceuticals. While the
majority of generated transformation products are likely benign, substantial conservation of structure in transformation products can imply
conservation or even creation of bioactivity across multiple biological
end points and thus incomplete mitigation of ecological risk. Here, we
explore these phenomena for emerging pollutant classes, with a primary
focus on endocrine-active steroid hormones. Specific focus will be paid
to potent synthetic androgens (trenbolone acetate metabolites), progestins (dienogest) and glucocorticoids (prednisone and dexamethasone).
This talk will present examples of bioactive transformation products and
related implications for fate assessment, regulatory approaches, and treatment technologies.
324 Impacts of wastewater contaminant metformin on the reproductive system of fathead minnows (Pimephales promelas)
N. Niemuth, R. Klaper, Univ of Wisconsin-Milwaukee / School of
Freshwater Sciences
The discovery of intersex fish in freshwater systems around the world
suggests the widespread presence of endocrine disrupting compounds
in the aquatic ecosystem, likely from human waste. Synthetic estrogens
from birth-control medications found in wastewater have been pointed to
as one likely cause of observed endocrine disruption in the environment.
However, the impact of other pharmaceuticals which have also been
found in even larger concentrations in wastewater and surface waters
remain largely unknown. The drug metformin is prescribed worldwide as
a treatment for Type 2 diabetes. This biguanidine is excreted in human
waste in its active form and, although it is removed to a high degree by
wastewater treatment, recent studies have found this compound in many
freshwater systems around the world and it is now estimated to be the
pharmaceutical most deposited into the aquatic environment by mass.
In our previous work we examined the impacts of metformin exposure
on adult fish and its consequences for hormones and reproduction and
found that vitellogenin mRNA was produced in exposed males indicating a potential for endocrine disruption. In this study we exposed
fathead minnows (Pimephales promelas) from fry stage to adulthood to
a concentration of metformin found in wastewater effluent and examined reproductive, histopathological, and gene-expression endpoints to
determine the effects of exposure to this widely found contaminant. We
found not only evidence of intersex in males but gene expression changes
that indicate potential mechanisms of impact in exposed fish. This talk
will describe the potential impacts of metformin as a non-traditional
endocrine disrupting compound.
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325 Laboratory approaches to understanding gonadal development
and abnormalities in wild-caught smallmouth bass (Micropterus
dolomieu)
S. Kadlec, Univ of Minnesota / Integrated Biosciences; R.D. Johnson, D.R.
Mount, USEPA / ORD NHEERL Mid-Continent Ecology Division; P.
Schoff, Univ of Minnesota Duluth / Natural Resources Research Inst
Our previous work reported smallmouth bass in Northeastern Minnesota
rivers and lakes with a prevalence of testicular oocytes (TOs) ranging from 7 to 57%, which is consistent with findings reported in other
U.S. river systems. While it is often presumed that TOs are caused by
exposure to estrogenic compounds, the relatively high prevalence of TOs
in some waters with no known source of estrogenic compounds suggests
an alternate or more complex explanation. To better understand gonadal
development of smallmouth bass and how it is influenced by estrogenic exposure, we conducted a laboratory exposure using 17-α-ethinyl
estradiol (EE2). Smallmouth bass fry were exposed for 90 d to 2 or 10
ng/L EE2 beginning at swim-up, then reared for an additional 90 days
in clean water. These treatment groups and control fish were subsampled
intermittently for histological evaluation of gonadal development. In
control fish, subtle indications of ovarian differentiation were observed
at 32 d, with unambiguous distinction of ovaries from undifferentiated
(presumed male) gonads by day 63, and formation of clearly identifiable
testicular tissue by day 92. In the groups exposed to 2 ng/L EE2, 100%
of fish had undergone ovarian differentiation by day 63, with continued
development of ovaries even after cessation of EE2 exposure. Because
no EE2-exposed fish followed a path of testicular development, the
connection between testicular oocytes and estrogenic exposure could not
be evaluated. Given that total estrogenicity at or near the equivalent of
2 ng/L EE2 has been measured in or near wastewater treatment plant
discharges, our study suggests that smallmouth bass could be susceptible
to estrogenic exposure in the environment. Ongoing studies are focused
on determining response to lower intensity exposures.
326 Evaluation of conventional and alternative treatment of hospital
and urban wastewater in the removal of antibiotics and antibiotic
resistance genes
D. Barcelo, CSIC / IIQAB, Dept Environmental Chemistry; S. Chamorro,
D. Lucas, Catalan Inst for Water Research ICRA; M. Badia-Fabregat,
Universitat Autònoma de Barcelona; E. Marti, Catalan Inst for Water
Research ICRA; B. Huerta Buitrago, Catalan Inst for Water Research
ICRA / Dept of Water Quality; M. Gros; A. Sanchez-Melsio, C. Borrego,
Catalan Inst for Water Research ICRA; S. Rodriguez-Mozaz, Inst for Water
Research ICRA / Water Quality; G. Caminal, Universitat Autònoma de
Barcelona; T. Vicent, UAB; J. Balcazar, Catalan Inst for Water Research
ICRA
Large amounts of antibiotics are released into municipal wastewater due
to excessive consumption and disposal of unused antibiotics. Overuse and
misuse of antibiotics has led to the emergence of antibiotic-resistant bacteria, compromising the effectiveness of antimicrobial therapy. Aquatic
ecosystems are an ideal setting for the acquisition and spread of antibiotic
resistance genes (ARGs) due to the continuous release of both antibiotics and antibiotic resistant bacteria through discharge of wastewater
treatment plant (WWTP) effluents among other sources. In this work
we investigate the pollution by a broad range of antibiotics (β-lactams,
lincosamides, macrolides, quinolones/fluoroquinolones, sulfonamides,
tetracyclines, dihydrofolate reductase inhibitors and nitroimidazoles) and
ARGs (blaTEM, ermB, qnrS, sul1 and tetW), released from hospital and
urban wastewaters, their removal through a WWTP and their presence
in the receiving river water. An alternative treatment based on fungi
was also evaluated for veterinary hospital wastewaters. Although a good
antibiotic removal (70%) was observed during the wastewater treatment process, most antibiotics were still present in WWTP effluents.
On the other hand, alternative treatments based on fungus Trametes
versicolor was more efficient in the degradation of compounds such as
ciprofloxacin, enrofloxacin, marbofloxacin and ampicillin, which are
quite recalcitrant in conventional WWTPs. Concerning ARGs, concentrations of ermB and tetW genes decreased during WWTP whereas
blaTEM, sul1 and qnrS gene copy numbers increased. In the case of
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fungal treatment, a ten-fold increase in the abundance of total bacteria
was observed, which contrasted with the ten hundred reduction observed
after conventional wastewater treatment. Moreover, the fungal treatment
resulted in better relative removal rates for ARGs than those obtained
from a conventional wastewater treatment process. Altogether, our findings demonstrate a widespread occurrence of antibiotics and ARGs in
urban and hospital wastewaters and that inefficient treatment processes
contribute to their spread into aquatic environments, where both types
of emerging pollutants were found at higher concentrations in samples
collected downstream the discharge point. Based on removal rates of
both antibiotics and ARGs, the fungal treatment emerges as a promising
alternative technology, although further optimization is needed to reduce
the amount of associated microbiota.
327 Use of bioactivity tools to measure estrogenic mixtures below
WWTPs with differing treatment technologies
K.A. Keteles, USEPA; A.M. Vajda, Univ of Colorado-Denver / Integrative
Biology; D. Winkelman, Colorado State Univ / Colorado Cooperative Fish
and Wildlife Research Unit; J. Beihoffer, USEPA / NEIC; D. Ekman,
USEPA / Ecosystems Research Division; D.L. Villeneuve, USEPA / MidContinent Ecology Division; J.M. Lazorchak, USEPA / Office of Research and
Development; A. Jastrow, USEPA ; T. Collette, Ecosystems Research Division
Contaminants of emerging concern (CECs) occur in the environment as
complex mixtures whose composition and concentrations are highly variable over space and time. Consequently, alternative methods to capture
the cumulative effects of these chemicals in the environment are needed.
One approach is to use molecular biomonitoring by measuring an organism’s response to environmental exposures, for example through changes
in gene expression or changes in endogenous metabolites (metabolomics).
As a case study, caged fathead minnows were deployed in the South
Platte River, Denver, below two urban waste water treatment plants with
different treatment technologies and at a reference location. Expression
of vitellogenin mRNA (vtg) in male fish was measured as an indicator
of exposure to complex mixtures of estrogenic CECs. Compared to fish
caged in a reference stream, vtg was elevated sixteen fold in male fish
deployed below the WWTP with less advanced treatment technology,
indicating biologically-significant exposure to environmental estrogens. The observed vtg induction in male fish was further supported
by orthologous measures of contamination and biological effects at the
study sites. Results of both nuclear magnetic resonance (NMR)-based
hepatic metabolomics and T47D in vitro bioassay analyses of ambient
water samples comport with the vtg results suggesting an exposure to
environmental estrogens below the WWTP with less advanced treatment. Biological results were anchored to analytical characterization of
pesticides, waste indicators, pharmaceuticals and personal care products
(PPCPs) detected in water samples collected at the time of fish deployment and recovery. Overall, biomonitoring of vtg expression appears to
be a useful screening tool to determine exposure to estrogenic mixtures
especially when used in concert with metabolomics and in vitro tools.
328 Development of the Coastal Biosensors for Endocrine Disruption
(C-BED) Assay Reveals Implications for Human and Ecological
Health
B. Blalock, B. Duphily, W.E. Robinson, K. Ricciardi, H.C. Poynton, Univ
of Massachusetts, Boston / School for the Environment
Endocrine disrupting compounds (EDCs) interfere with natural hormone
function and cause sublethal effects such as gender reversal, reproductive,
and developmental effects at low, environmentally relevant concentrations. These compounds enter coastal environments primarily from the
effluents of waste water treatment facilities, and have become ubiquitous
in marine surface waters, sediments and biota. To monitor exposure
and effects of EDCs to marine biota, we are developing the Coastal
Biosensors for Endocrine Disruption (C-BED) Assay that is specific for
two of the most widely detected EDCs in coastal environments, 17-alphaethinylestradiol (EE2) and 4-nonylphenol (4NP), using the sentinel
species, the blue mussel Mytilus edulis. Our experimental approach has
two main focus areas. Firstly, we performed bioconcentration experiments
to determine and model uptake, and depuration in individual organs

TUESDAY PLATFORM ABSTRACTS
using radio-labeled EE2 and 4NP. We identified the digestive gland as
the organ with the highest bioconcentation of EDCs and demonstrated
that the levels of EDCs that accumulate in mussels are high enough
to place shellfish consumers at risk. Secondly, we used gene expression
assays to identify genes which were differentially expressed due to EDC
exposure. We exposed M. edulis to two concentrations of EE2 (5 and 50
ng/L) and 4NP (1 and 100 µg/L), sampled mussels at 4wk and 5wk, and
performed gene expression analysis on digestive gland tissue using a highdensity M. edulis microarray. Candidate biomarkers for C-BED Assay
development are being identified based on three criteria: (1) specificity
to either EE2 or 4NP, (2) correlation with tissue concentration, and (3)
consistent expression patterns at both time points. While we are actively
identifying and testing candidate genes for the C-BED Assay, we have
also uncovered unsettling impacts of the chemical exposures. M. edulis
exposed to intermediate and high levels of EE2 have higher expression
levels of female-specific transcripts, suggesting that EE2 may cause sex
reversal in male M. edulis, a finding that has not been previously linked
to EDC exposures in this species. Additional preliminary results provide
evidence for the “non-genomic” response to estrogens that has been proposed as the primary mechanism for estrogen signaling in bivalves.
329 Protein expression profiles in early life stages zebrafish (Danio
rerio) exposed to triclosan
E. Falisse, F. Silvestre, Univ of Namur
Triclosan (5-chloro-2-[2,4-dichloro-phenoxy]-phenol, TCS) is a broad
spectrum antibacterial agent widely used in personal care product. It
is not completely removed during wastewater treatment and therefore,
it is found in aquatic ecosystems. The aim of the present study was
to investigate the effects of TCS exposure during early life stages of
zebrafish on the cellular phenotype assessed at the proteomic level. The
protein expression profile of larvae exposed to 50 and 100 µg/L during 7
days after fertilization was compared to controls larvae using 2D-DIGE
technique. Six pools of 24 larvae were used per condition. A total of
1710 spots were detected, 36 of them were found to be differentially
expressed by TCS treatments. Proteins were classified into 4 functional
groups: cytoskeleton, stress response, vision and others. Among the 18
unique proteins identified, 5 of them belong to the 21 proteins most
frequently identified as differentially expressed in response to stressor
in zebrafish. Moreover the family of heat shock proteins, cytoskeletal
keratins, actins, myosin and tropomyosins are detected in 55%, 45%,
40%, 37.5% and 32.5% of the studies respectively. Peroxiredoxin (22.5%)
and apolipoprotein (20%) families are also commonly found. These 7
predominating families cover 50% of the unique protein identified in the
present study [1]. These reflect a general stress response at the proteome
level. Interestingly, crystallins family appears to be rather unique with
only 17.5% of identification in proteomics studies. In our case, we found
3 isoforms of beta crystallins (A1, A2 and B1), which are the principal
constituent of the eye lens. We also identified the betaine-homocysteineS-methyltransferase involved in the methylation of cytosine, which
was overexpressed in exposed fish. These proteins seem to be specific
to triclosan exposure and give insight into the mechanism of action of
this toxicant. [1] K. J. Groh and M. J.-F. Suter. 2014. Stressor-induced
proteome alterations in zebrafish: A meta-analysis of response patterns.
Aquat. Toxicol., 159C, 1–12.

Direct and Indirect Effects of Current-Use
Pesticides on Wildlife
330 Evaluation of the relative risk to birds of alternative pesticides
using USEPA’s TIM/MCnest Model
M. Etterson, USEPA / ORD NHEERL Mid-Continent Ecology Division;
K.V. Garber, E.W. Odenkirchen, USEPA / Office of Pesticide Programs
Environmental Fate and Effects Division
Agricultural producers today have many choices of active ingredients
for crop protection. These products come with different active ingredients, different modes of action, and initiate different adverse outcome

pathways. Use patterns also differ considerably among products in the
timing, amount, frequency, and method of application. These differences
result in different patterns of exposure, which will interact with species
life-history to produce different effects in populations of non-target
wildlife. In this project, we use an integrated modeling approach that
combines USEPA’s Terrestrial Investigation Model (TIM) with the
Markov Chain Nest Productivity Model (MCnest) to evaluate the relative risk of alternative pesticide application protocols to North American
bird species that breed in or adjacent to croplands. We present examples
from several insecticides representing different chemical classes and
across many species of birds potentially affected. We demonstrate how
the use of these models can help to classify the relative risk among alternative pesticides and explore the sensitivity of relative risk conclusions to
changes in model parameters.
331 Pyrethroid exposure affects avian immunity to West Nile virus
M.D. Jankowski, Minnesota Pollution Control Agency / Chemical and
Biological Toxicology; E. Hofmeister, US Geological Society / National
Wildlife Health Center; M.E. Moore, Los Alamos National Laboratory
When the risk of human exposure to arboviruses is judged to be excessive, mosquito control agencies may deploy pyrethroid insecticides
to reduce populations of adult mosquitos and thus transmission risk.
Aquatic invertebrate life is known to be highly susceptible to pyrethoids,
but terrestrial vertebrates are considered to be much less vulnerable to
lethal effects. However, sublethal effects of pyrethroid insecticides on
vertebrates, such as immunotoxicity, are much less studied. For example,
a decline in a bird’s immune response to viral exposure may enhance
its capacity to transmit virus to mosquitoes, indirectly exacerbating
local viral transmission dynamics. We conducted studies to assess the
impacts of Permanone (permethrin) and Scourge (resmethrin), pyrethroid insecticides, on avian immunity to West Nile virus (WNV).
Zebra finches were exposed to aerosolized permethrin and chickens
were exposed to water-borne resmethrin at environmentally relevant and
high concentrations. We found that the response to WNV was altered
compared to control birds. Seroconversion was delayed while virus levels
were unaffected or slightly reduced. Future work should be conducted to
better characterize avian pyrethroid exposures. Additionally, given our
findings, further investigations to determine if pyrethroids enhance the
innate immune response to WNV in birds are warranted.
332 Conspecific aggression, testosterone, & ornamentation of female
bluebirds at a golf course: A case for disturbance induced disjointed
signaling?
L. Gillespie, J.M. Jawor, The Univ of Southern Mississippi / Biology
Destruction of open, semi-wooded areas reduced populations of Eastern
Bluebirds in the mid-20th century. Aggregations of nest boxes preferentially introduced birds to human-modified areas such golf courses and
suburban yards, which experience chronic human activity and application of insecticides, fungicides, and triazine herbicides which may
impact physiology, behavior, and endocrinology. Laboratory studies show
decreased testosterone (T) in birds exposed to products of this nature.
Disruptions of sexually dimorphic behaviors or physiology can occur
via altered gonadal steroids which may affect mating systems. In species
where T dependent traits signal condition or status, changes in concentration of T over time may result in unreliable signals. Longitudinal
field studies investigating biologically relevant contaminant exposures
are limited, and while circulating contaminants are not measured in this
study, this research utilizes a unique, experimental approach analyzing flexible behavioral and hormonal response phenotypes in different
contexts as they affect sexually selected ornamental and condition driven
traits. It is fair to speculate that contaminant exposures in wild populations could influence T production resulting in maladaptive behavioral
or physiological states, and correlations have been found between egg
contaminants and aberrant mating behavior in wild gulls. Observation
of aggressive behaviors toward live conspecifics during incubation
revealed that female bluebirds nesting at a southeastern golf course had
significantly higher T compared to a site with no lawn care treatment.
In bluebirds, ultra-violet (UV) plumage brightness is a sexually selected
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ornamental trait indicating competitive ability; females at the golf
course are significantly less ornamented, yet less ornamented females are
more aggressive. At the lower disturbance site, females are significantly
more ornamented, and more ornamented females are significantly more
aggressive. This disconnect between ornament signal and behavior could
have significant impacts on population growth or structure in bluebirds
and may be linked to altered T production. Given highly conserved
vertebrate pathways for T paired with frequency of human exposures to
similar contaminants, this research could contribute to the field of endocrine disruptor (ED) studies and impacts of sub-lethal EDs on human
populations.

areas of known neonicotinoid use and testing for signs of neonicotinoid
toxicity. UPLC-MS/MS will allow us to detect the presence of neonicotinoid compounds in quail tissues, while histopathological analysis
will elucidate the type and extent of cellular damage. We will also use
biomarkers to test for signs of oxidative stress. Preliminary results from
histopathological analysis indicate mild testicular degeneration and toxic
insult in the liver. Further analysis will shed light on the effects of neonicotinoid insecticides on bobwhite quail and other species with similar
exposure pathways that are frequently associated with agriculture.

333 Scaling pesticide impacts on Streaked Horned Larks (Eremophila
alpestris strigata) from fields and flocks to landscapes and populations
D. Dishman, Integral Consulting Inc.; N.H. Schumaker, USEPA
Accounting for population-level risks posed by multiple stressors is critical to evaluating the potential effects of pesticides on wildlife species,
particularly those with protected status under the Endangered Species
Act. It has become increasingly clear that pesticides and multiple other
natural and anthropogenic stressors interact in agricultural landscapes
that are home to endangered species, and that the effects on wildlife
cannot be assumed to be simply additive. Many threatened and endangered plants and animals are potentially affected by complex interacting
stressors, and this is creating a need for assessment tools that are
biologically realistic, but also parsimonious and quick to develop and
apply. Here, we discuss the design and application of a multi-stressor,
spatially-explicit IBM (individual-based model) that can relate changes
in pesticide application regimes at local scales to population trends at
landscape scales. Our model system is a subpopulation of the endangered
Streaked Horned Lark (Eremophila alpestris strigata) located in Oregon’s
Willamette Valley, an area dominated by agriculture that also includes a
network of natural areas. We use the horned lark model to illustrate how
pesticide impacts on individuals can be scaled-up to predict populationlevel responses, and how these effects can be disentangled from other
dynamic disturbance regimes (i.e., physical destruction of habitat)
impacting wildlife. We further demonstrate how the use of parsimonious
IBM approaches can allow for the rapid assessment of predicted population impacts over large areas, generating estimates that are relevant to
evaluation of risks at multiple landscape scales.

335 Neonicotinoid Pesticide use and potential exposure to Northern
Bobwhite and Scaled Quail throughout the Rolling Plains of Texas
and Oklahoma
U. Turaga, S.T. Peper, N. Gupta, N. Dunham; W. Kistler, S. Almas,
S.M. Presley, Texas Tech Univ; R.J. Kendall, Texas Tech Univ / Dept of
Environmental Toxicology
From August through September 2013, 81 Northern Bobwhite (Colinus
virginianus) and 17 Scaled quail (Callipepla squamata) were trapped
as part of a multi-phased broad-scale project, Operation Idiopathic
Decline. The project aimed at identifying the leading cause of decline
in quail populations throughout the Rolling Plains ecoregion of Texas
and Oklahoma. Each of the quail was examined for the presence of
neonicotinoids, which has been linked to the decline in populations of
insectivorous passerines. A qualitative and quantitative analysis was performed for neonicotinoids, a group of commonly used insecticides. The
crops of each quail were thoroughly examined for the presence of a neonicotinoid coated seed which are easy to identify because of their distinct
color. No physical evidence for the presence of neonicotinoid treated
seeds in crops of quails was observed. The livers were harvested and
analyzed for neonicotinoids. Analysis of liver samples revealed very low
concentrations of neonicotinoids, orders of magnitude below toxic levels.
Additionally, surveys were conducted at feed/seed stores throughout the
Rolling Plains of Texas to get a better understanding of neonicotinoid
product availability and usage. Nineteen counties were surveyed and
results indicate that there was limited usage of neonicotinoid containing
products throughout this ecoregion. Based on the minimal neonicotinoid
usage and low concentrations found within each quail sampled, our study
suggests that there is no direct relationship between use of neonicotinoids and decline in quail populations.

334 Assessing the Impact of Neonicotinoid Insecticides on Northern
Bobwhite Quail (Colinus virginianus) in Texas
H.M. Ertl, M.A. Mora, Texas A&M Univ / Wildlife and Fisheries Sciences;
D.J. Brightsmith, Texas A&M Univ / Dept of Pathobiology and Veterinary
Science; K.H. Carson, Texas A&M Univ / Dept of Crop and Soil Sciences
The pervasive and prophylactic use of neonicotinoid insecticides in past
decades has been the cause of their scrupulous review in recent years.
These systemic insecticides are known to have adverse and sub-lethal
effects on non-target taxa, and their use on hundreds of crop types
worldwide affords them the opportunity to affect countless species. Here,
we evaluate the possibility that neonicotinoid insecticides may be affecting the abundance of an upland game bird species frequently associated
with agriculture in Texas: the Northern bobwhite quail (Colinus virginianus). Bobwhite quail have experienced population declines across their
range in recent decades; however, the cause for decline is still unclear.
Since the early 1990’s in particular, bobwhite recovery in Texas, even in
favorable conditions, has been low. In an effort to determine the relationship between bobwhite quail and neonicotinoid insecticides in Texas,
we developed two objectives: First, we will analyze statewide trends in
bobwhite abundance and neonicotinoid use over the past 25 years using
quail observations collected along roadside transect surveys throughout
the state by Texas Parks and Wildlife and the North American Breeding
Bird Survey. With the use of GIS, we are able to map these transects,
place a buffer around them to identify study areas of 1 km in width, and
evaluate the interaction between quail abundance and neonicotinoid use,
along with other known indicators of quail such as breeding season precipitation, summer maximum monthly temperature, and land use within
those study areas. Second, we are collecting quail tissue samples from

336 Prevalence of pesticide active ingredients in food boluses of insectivorous Tree swallows in Quebec and Saskatchewan, Canada
M.M. Belisle, Université de Sherbrooke; C.A. Morrissey, Univ of
Saskatchewan / Biology; K.M. Kuivila, USGS / Oregon Water Science
Center; J. Bellenger, D. Garant, L. Haroune, F. Pelletier, Université de
Sherbrooke
Over the past 30 years, most aerial insectivorous bird populations have
strongly declined in North America. One of the main putative causes
suggested to explain this decline is the reduction in availability and contamination of insect prey through increasing use of pesticides associated
with agricultural intensification. To address the challenging question of
whether agrochemicals are affecting farmland bird populations, one of
the first needs is to efficiently detect and quantify a wide array of compounds in field samples. Passive insect samples are often characterized
by very low biomass and high heterogeneity; however, boluses of insects
that adult birds bring back to nestlings represents an efficient means of
sampling prey to determine exposure. We collected food boluses from
insectivorous Tree swallow nestlings at field locations in distinctly different agricultural regions of Canada – southern Quebec and central
Saskatchewan where cropping and pesticide use patterns vary. A total
of 881 individual boluses were collected from Quebec Tree swallows in
2013 and 2014 using the ligature method with extraction and chemical
analysis according to MASE method. Among 54 targeted analytes, 25
were detected but could not be quantified (> LOD, < LOQ ) and 19 were
detected and quantified (> LOQ ). Overall, pesticides were detected in
roughly 30% of samples and quantified in roughly 17% of the boluses
analyzed. Similarly, bolus samples from Central Saskatchewan were
collected from 150 Tree swallows nestlings (50 nest pools) in 2015 from
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sites varying in agricultural intensification. Pesticide residues in bolus
were further compared to samples from passive insect samplers at the
farm sites. Data on pesticide levels and patterns of insecticide, herbicide
and fungicide detections are discussed in relation to land use. The study
has implications for understanding how extensive pesticide use in agriculturally dominated areas exposes insectivorous birds to a potentially
toxic mixture of pesticide products.
337 Effects of Agriculture and Pesticide Use On Abundance of Six
Aerial Insectivorous Bird Species Over 30 Years in Canada’s Prairie
Pothole Region
N. Michel, Univ of Saskatchewan / Dept of Animal and Poultry Science;
R.G. Clark, Environment Canada / Canadian Wildlife Service; K. Hobson,
Environment Canada; C.A. Morrissey, Univ of Saskatchewan / Biology
Aerial insectivorous birds are undergoing severe population declines
across North America. Analyses of North American Breeding Bird
Survey (BBS) data revealed negative population trends in 20 of 33 species
since 1966 with aerial insectivores experiencing the most severe decline
of any avian guild in Canada. Aerial insectivorous birds face a variety of
threats such as pesticides, habitat loss (including conversion to highintensity agriculture), and climate change. However, the relative effects
of these potential drivers of population trend remain unknown. Here,
we evaluate the relative effects of pesticide use, agricultural intensity,
land cover, climate, and weather on a suite of six aerial insectivorous
bird species: Purple Martin (Progne subis), Tree Swallow (Tachycineta
bicolor), Northern Rough-winged Swallow (Stelgidopteryx serripennis),
Bank Swallow (Riparia riparia), Cliff Swallow (Petrochelidon pyrrhonota),
and Barn Swallow (Hirundo rustica). We used boosted regression trees,
a machine-learning technique, to assess the ability of spatiotemporally
dynamic variables measured on three nested scales to predict aerial
insectivorous bird abundance. Our analyses encompassed 117 BBS
routes across the Prairie Pothole region of Alberta and Saskatchewan
over a 30-year period. Pesticide use explained 2% (Northern Roughwinged Swallow) to 11% (Bank Swallow) of the variation in abundance,
while agricultural intensity (e.g., proportion cropland, number of cattle)
explained up to 93% (Northern Rough-winged Swallow). While pesticide
use was not the primary driver of population variation for any species in
this analysis, the coarse scale of available data may have limited our ability
to detect effects. Moreover, the effects of agricultural intensity on insectivorous bird abundance may be mediated by direct and indirect effects of
pesticides. Though further studies with finer-scale data are encouraged,
our findings have important implications for aerial insectivorous bird
conservation and management in Canada’s Prairie Pothole Region.

Mercury Fate and Biogeochemistry
338 Periphyton Communities Methylate Mercury in an Industrially
Contaminated Creek
T. Olsen, Environmental Sciences Division; S.C. Brooks, Oak Ridge
National Laboratory / Environmental Sciences Division
Industrial use of metallic mercury at the Y-12 plant on the DOE Oak
Ridge Reservation contaminated the soil, ground and surface water
in and around East Fork Poplar Creek (EFPC) near Oak Ridge, TN.
This work investigates the role periphyton take in Hg cycling in EFPC.
Periphyton biofilms are complex collections comprising a variety of
bacteria, fungi, algae, detritus, and inorganic material. Because of its
structure distinct biogeochemical niches develop over short spatial scales
within periphyton creating steep gradients that may harbor conditions
conducive to methylmercury formation. Methylation and demethylation
activity of EFPC periphyton were directly measured in the autumn,
winter, and spring using stable Hg isotopic rate assays. Stable inorganic
Hg(II)-201 and MeHg-202 were added to intact periphyton samples
from EFPC and incubated at ambient creek temperature. The formation
of MeHg-201 and decrease of MeHg-202 were monitored over time
to calculate pseudo first-order rate constants for methylation (kM) and
demethylation (kDM). Estimated rate constants decreased by ~100×

with a 10°C decrease in temperature; kM = 2.7e-3 and 3.7 e-5 per day
and kDM = 2.7 and 0.023 per day at 20°C and 10°C, respectively. The
measured rates result in a net excess of MeHg generated which could
account for 30-40% of the MeHg flux in EFPC. Vertical gradients in
dissolved oxygen, Fe(II), and sulfide within the biofilms were measured
using microelectrode cyclic voltammetry. Over a distance of less than
4 mm conditions changed from aerobic above the biofilm to sulfatereducing at its base. The appearance of both iron and sulfate reducing
conditions within the biofilm confirm necessary conditions for MeHg
generation as iron and sulfate reducing bacteria are known Hg methylators. These results highlight the importance of periphyton biofilm
communities in MeHg generation. Ongoing experiments are addressing
the extent to which these communities account for observed spatiotemporal patterns in MeHg in the EFPC watershed.
339 Quantifying methylmercury photodemethylation rates in freshwater temperate lakes
S. Klapstein, Acadia Univ / Earth Environmental Science; D. Risk, St
Francis Xavier Univ / Earth Sciences; S. Ziegler, Memorial Univ of
Newfoundland / Earth Science; N.J. O’Driscoll, Acadia Univ / Dept of Earth
and Environmental Science
Methylmercury bioaccumulation is an issue for aquatic and terrestrial
wildlife within Kejimkujik National Park, Nova Scotia. While there
are previous studies on mercury photodemethylation, few have examined the magnitude and variability of mercury photodemethylation
rates as a function of associated dissolved organic matter (DOM).
DOM contributes to the photodemethylation process because it can
absorb specific wavelengths of solar radiation, photodegrade, and
release reactive radicals. Previous research within lakes in Kejimkujik
has indicated that changes in both dissolved organic carbon (DOC)
concentration and water photoreactivity occur over the ice-free season
and that photodemethylation rates may be dependent on these DOM
properties. Therefore, a temporal comparison study between June and
October was performed to test the effect of variations in photoreactive
DOM on photodemethylation rates using natural solar insolation. Water
from a lake with DOC concentrations greater than 8 mg/L was spiked
with an environmentally realistic amount of methylmercury (3 ng/L) to
ensure proper detection levels. Samples were irradiated in polytetrafluoroethylene (PTFE) bottles with 50% headspace. Bottles were floated in
holding pools with water flow to maintain relatively stable temperature
conditions over a 7-day period. Solar radiation, air and water temperature, wind speed and direction, and precipitation were measured every 5
minutes for the duration of the experiment. Bottles were removed after
0, 1, 2, 3, 5, and 7 days of solar radiation exposure and total cumulative
radiation energy received was calculated for each time point. Dark controls were also incubated in the holding pools and analyzed at the same
time points as the light treatment. Ultraviolet (UV)-visible absorbance
scans (200-800 nm), DOC concentrations, total mercury concentrations, and methylmercury concentrations were measured for each time
point. One set of samples in each month was pre-irradiated for 7 days
before methylmercury additions to provide a second treatment for DOM
with lower DOC concentrations and photoreactivity. Freshwater lakes
with higher DOC may support faster photodemethylation rates than
lakes with lower DOC concentrations. This research aims to determine
whether a DOM-photodemethylation threshold exists under natural
solar radiation cycles and intensities in remote freshwater temperate lakes
with elevated mercury concentrations.
340 Use of Hg Stable Isotopes to Track Environmental
Methylmercury Sources of Estuarine Fish
M. Li, Harvard Univ / School of Public Health; A. Schartup, Harvard
Univ / Dept of Environmental Health School of Public Health; A. Valberg,
Harvard Univ / School of Public Health; D.P. Krabbenhoft, USGS; M.
Biasutti-Brown, Nunatsiavut Government; E.M. Sunderland, Harvard
Univ / School of Engineering and Applied Sciences
A number of recent studies have shown that estuarine fish obtain methylmercury (MeHg) from diverse environmental sources including rivers/
watershed inputs, atmospheric deposition, water column methylation
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and benthic sediment production. This study uses mercury (Hg) stable
isotopes to help refine our understanding of environmental sources of
MeHg uptake in estuarine fish. We hypothesize that various estuarine
fish species receive their MeHg exposures from multiple environmental
sources, and thus their stable Hg isotopes signature will reflect a mutiple,
MeHg-source portfolio. To test this hypothesis, we compared Hg stable
isotopic compositions among different fish species from an estuarine
fjord (Lake Melville) in Labrador, Canada. Species are distinguished by
their habitats in two ways: resident estuarine fish (e.g., whitefish) and
anadromous fish (e.g., Atlantic salmon, brook trout); demersal fish (e.g.,
suckers, flatfish, sculpin) and pelagic fish (e.g., herring, smelt). Fish diet,
habitat and trophic position were characterized based on prior literature, stomach content analysis, and stable carbon and nitrogen isotope
analysis. We observed wide ranges of ∆199 Hg values and relatively
narrow ranges of δ202 Hg values in the estuarine fish. Fish species living
in surface, mid-depth water and benthic environment demonstrate high,
median and low ∆199 Hg values, respectively, reflecting a gradient of
MeHg photodegradation in the different depths of water column. δ202
Hg values gradually increase from species spending most of their lifetime
in freshwater to those with foraging habitat in the open ocean. All
anadromous fish species fall between the two ranges in δ202 Hg. These
data suggest both microbial methylation of inorganic Hg and intense
photodegradation of MeHg occur in the estuary prior to incorporation of
MeHg into food web. Observed large variations in the isotopic composition in some fish species can be explained by their food and habitat
preferences in different life stages.
341 Using cysteine to quantify the biomagnification of methylmercury
in aquatic food webs: A novel approach
J.C. Thera, Dept of Marine and Ecological Sciences; K.A. Kidd, Univ of New
Brunswick; R.F. Bertolo, Memorial Univ of Newfoundland; N.J. O’Driscoll,
Acadia Univ / Dept of Earth and Environmental Science
The average biomagnification of methylmercury (MeHg) through
aquatic food webs has been quantified in many studies as the slope of log
MeHg versus stable nitrogen isotopes (delta15N; a measure of relative
trophic position) of the biota. However, these slopes can vary significantly among ecosystems due to a variety of variables that are not well
constrained. Since MeHg is primarily bound to the amino acid cysteine
in proteins, our hypothesis was that cysteine content is a better predictor
of MeHg transfer through lake food webs than delta15N. In 2013, food
web taxa (benthic invertebrates, zooplankton, and fish) were collected
from six lakes within Kejimkujik National Park, Nova Scotia, Canada.
MeHg concentrations were measured and compared to protein-bound
cysteine (measured as cysteic acid using ultra performance liquid chromatography). Cysteine content (per mg total protein) differed among
taxa with lowest concentrations in Limnephilidae caddisflies and highest
concentrations in fish. Preliminary results indicated that log MeHg (mg/
kg dw) was significantly and positively related to cysteine content (r2 =
0.69-0.85; p < 0.001) within all lakes; no among-system differences in
these slopes were observed (ANCOVA, p = 0.284), in contrast to the
log MeHg versus delta15N relationships for these same systems. These
results suggest that cysteine content explains some of the among-taxa
differences in MeHg concentrations and results in consistent measures of
MeHg biomagnification through food webs.
342 Mercury biomagnification and contemporary food web dynamics
in lakes Superior
M. Omara, Clarkson Univ / Dept of Chemical and Biochemical Engineering;
B. Crimmins, Clarkson Univ / Civil and Environmental Engineering;
R. Back, SUNY Oswego / Biology; P. Hopke, Clarkson Univ / Inst
for a Sustainable Environment; F. Chang, Clarkson Univ / Civil and
Environmental Engineering; T. Holsen, Clarkson Univ
Trophic structure is an integral part of understanding the flow of
contaminants within an aquatic system. Persistent, bioacccumulative,
and toxic substances and food web perturbations by invasive species
are critical ecological issues with far-reaching consequences for the
health of the Laurentian Great Lakes. The historically-different aquatic
ecosystems of Lakes Superior and Huron were evaluated for mercury
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(Hg) biomagnification using stable carbon (δ 13C) and nitrogen (δ
15N) isotope ratios. The results showed that δ values vary significantly
with sampling depth, particularly for the lower food web components,
reflecting depth- and diet-specific patterns of δ values. The stable isotope
assessment of the Lake Superior food webs was consistent with previous
results, underscoring the temporal stability of this ecosystem. However,
based on stable isotope data, the Lake Huron lake trout appear to be
incorporating the exotic round goby in their diet, possibly compensating
for the collapse of alewife populations, historically their principal food.
Our results suggest that the well-documented perturbations in the Lake
Huron ecosystem have likely contributed to increasing Hg concentrations in the lake trout. Similar Hg biomagnification rates were observed
suggesting strong similarities in the contemporary contaminant flow in
Lakes Superior and Huron.
343 An overview of mercury biomagnification in predatory fish in
lakes around major mercury emitters in western Canada and influencing factors
M. Evans, D.C. Muir, J.L. Kirk, Environment Canada / Aquatic
Contaminants Research Division; J. Keating, X. Wang, J. Wiklund,
Environment Canada
Anthropogenic mercury (Hg) release has been increasing globally,
amplifying concerns over its toxicological effects including biomagnification in lake food webs. Under the Government of Canada’s Clean
Air Regulatory Agenda, we have been investigating Hg biomagnification in lakes near major Hg emitters in western Canada with our study
designed to compare aquatic system response based on emitter technology, other emissions, climate, watershed and lake characteristics, and fish
biology. Our study areas are: 1) lakes in the Flin Flon area (Manitoba
and Saskatchewan) which were impacted by metal, mercury and sulfur
dioxide emissions from a copper-zinc mine smelter which operated over
1930-2010; 2) lakes in the Wabamun Lake area (Alberta) which have
been impacted by mercury emissions from a cluster of 4 coal-fired power
plants since the 1950s; 3) lakes in Estevan area (Saskatchewan) which
have been impacted by mercury emissions from two coal-fired power
plants since 1959 and are reservoirs; and 4) lakes in the vicinity of Trail
(British Columbia) which have been under the influence of metal and
sulfur dioxide emissions from a lead-zinc smelter since the late 1800s.
Despite high Hg concentrations (2.8-10.8 µg/g) in lake sediments near
the Flin Flon smelter, Hg concentrations were low in northern pike
(< 0.3 µg/g); high selenium concentrations may have provided some
protection from mercury uptake. Hg concentrations were substantially
higher in pike in some lakes >70 km to the NW of Flin Flon in a region
sensitive to lake acidification. Hg concentrations were low in sediments
and pike in the Wabamun Lake due to: the more modern design of these
power plants which resulted in low Hg deposition in their immediate
area; limnological conditions which may not have been conducive to high
Hg methylation rates; and rapid fish growth rates. Hg concentrations in
predatory fish in the Estevan area frequently exceeded 0.5 µg/g, possibly
because reservoir conditions favored high Hg methylation rates although
one reservoir is more than 50 years old and the others 20+ years old.
These results (and those from our recent study at Trail) show that high
rates of Hg emission generally did not result in high Hg concentrations
in predatory fish in the immediate vicinity of the emitter but nevertheless
contributed to the growing atmospheric inventory of anthropogenic Hg
and impacts on sensitive environments.
344 Mercury levels in invading subarctic forage fish versus arctic forage fish in the eastern Canadian Arctic
S. Pedro, Univ of Connecticut / Natural Resources and the Environment;
A.T. Fisk, Univ of Windsor / Great Lakes Inst for Environmental Research;
S.H. Ferguson, Fisheries and Oceans Canada; D.C. Muir, Environment
Canada / Aquatic Contaminants Research Division; N. Hussey, S. Kessel,
Univ of Windsor / Great Lakes Inst for Environmental Research; M.A.
McKinney, Great Lakes Inst for Environmental Research
The Arctic is facing substantial climate change, leading to northward
range expansion of subarctic-types species. Subarctic marine forage fish
including capelin (Mallotus villosus) and sand lance (Ammodytes spp.)
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remain uncommon in the high Arctic, but have become frequent in the
low to mid-Arctic. These shifting distributions may result in a latitudinal gradient of replacement of arctic cod (Boreogadus saida) with these
subarctic species. To understand the implications of these changes in
terms of mercury loads in the arctic marine ecosystem, we assessed total
mercury (THg) levels in subarctic and arctic forage fish and invertebrates. We also investigated the role of biological (fish length) and
ecological variables (trophic position and foraging habitat) in explaining
THg variation among species and regions. From 2012-14, we collected
fish and invertebrates from Arviat (low Arctic), Clyde River (mid-Arctic)
and Resolute Bay (high Arctic), Nunavut, Canada. From Arviat, we collected sculpin (Cottoidae spp.), capelin, sand lance and amphipods; from
Clyde River, arctic cod, sculpin and amphipods; and from Resolute Bay,
arctic cod, sculpin, amphipods and northern shrimp (Pandalus borealis).
Among species, THg levels were lowest in amphipods (0.05-0.07 µg g-1
dw), while sculpin and shrimp showed higher THg levels (0.66-1.56 µg
g-1 dw) than all other species (p < 0.05). Although there were no significant differences in THg between subarctic species (capelin and sand
lance) and arctic cod (p = 1.00), THg mercury levels were slightly higher
in the latter. Sculpin from Clyde River had higher THg levels relative to
conspecifics from Resolute Bay and Arviat (p < 0.05), while arctic cod
THg levels were similar between regions (p = 0.25), and amphipods had
similar mercury levels in all regions. Thus, THg appeared to vary less
among regions and more among species within regions. Slightly higher
THg levels in Arctic cod relative to capelin were largely explained by
trophic position. Nevertheless, arctic species such as sculpin and shrimp
showed the highest mercury levels. It thus appears that consumption of
capelin and sand lance versus arctic cod may not increase Hg levels in
fish-feeding arctic predators, but other nutritional quality parameters
(other contaminants, lipid content and composition) may have consequences for health and reproduction of these predators.
345 Modeling mercury sources, aquatic cycling, and bioaccumulation
in the Ohio River: Implications for regulatory controls
R.J. Reash, American Electric Power; R. Harris, Reed Harris
Environmental Ltd.; J. Goodrich-Mahoney, EPRI / Environmental Dept
Many coal-fired power plants on the Ohio River have installed flue
gas desulfurization (FGD) air pollution control systems to enhance
removal of SO2 from air stacks. FGD systems also capture volatile trace
elements such as mercury (Hg) and selenium (Se), and a portion of this
captured mass is discharged to receiving streams as a new wastewater.
The purpose of this study was to address regulatory agency concerns
of potential increased bioaccumulation of Hg which may be caused, at
least partially, by increased loads of Hg from FGD-equipped power
plants. We used the D-MCM v. 4 (Dynamic Mercury Cycling Model)
to predict Hg sources, aquatic cycling, and food web bioaccumulation
for the Robert C. Byrd navigation pool of the Ohio River (River Mile
238 – 280). Modeling results indicated that the supply of inorganic
Hg and MeHg to the pool is dominated by upstream inflows, and that
direct atmospheric deposition to the Ohio River, plus contribution
from point-source discharges, represents less than 1% of the total Hg
that is exported. Methylation of inorganic Hg in the water column and
sediments was predicted to be negligible. Predicted levels of MeHg in
four fish species showed reasonable agreement with measured concentrations. Uncertainty analysis indicated that a more robust database on Hg
speciation (including measured levels of MeHg), and their relationship
with river flow, would provide insights on factors controlling watershed
inputs of Hg. The modeling results are consistent with the physical and
chemical attributes of the Ohio River which, cumulatively, suggest a low
methylation potential. These factors include rapid hydraulic flushing, the
absence of extensive wetland habitats, and relatively high mass sedimentation rates. While a more thorough understanding of mercury sources
and fate is needed for the Ohio River, this study provides some evidence
that costly Hg reduction requirements from point sources may not, in
itself, achieve the goal of fish fillet MeHg concentrations for all species
being less than the MeHg human health water quality criterion.

Aquatic and Terrestrial Plants in
Ecotoxicology and Risk Assessment
346 Methodology for the derivation of aquatic plant water quality
criteria
D.M. Eignor, USEPA / Office of Water Office of Science and Technology;
G.J. Smith, C. Voros, Great Lakes Environmental Center
The USEPA, as stated in the Clean Water Act, is tasked with establishing criteria values for various pollutants found in the waters of the United
States. These criteria serve as guidance for States and Tribes to use in
developing their water quality standards. The Guidelines for Deriving
Numerical National Water Quality Criteria for the Protection of Aquatic
Organisms and Their Uses (“the 1985 Guidelines”) describes the current
Office of Water (OW) methodology for deriving aquatic criteria. These
OW guidelines focus primarily on deriving criteria based on animal
toxicity data. An acute criterion uses a minimum of eight acute toxicity values for animals, but a chronic criterion uses the most sensitive
of the final chronic value (FCV) for animals or the final plant value
(FPV). Recently, more data for plants has been published that indicate
plants may be the most sensitive species tested. The use of the FPV has
some limitations because of an insufficient description of minimum data
requirements for plants within the 1985 Guidelines. A more complete
plant toxicity database was developed from USEPA ECOTOX as part
of this methodology development effort. This allowed detailed statistical
analyses to provide a more definitive recommendation for the optimal
minimum dataset needed to assess the risk of chemicals to aquatic plants.
This presentation will discuss recommendations in the methodology for
the derivation of aquatic plant water quality criteria.
347 Ecosystem services approach to pesticide risk assessment and
management of non-target terrestrial plants: Recommendations from
SETAC Europe workshops
G. Arts, Alterra Wageningen Univ and Research Centre / Environmental
Risk Assessment; L. Maltby, The Univ of Sheffield / Dept of Animal
Plant Sciences; M. Dollinger, Bayer CropScience / Environmental Safety
Ecotoxicology; E. Kohlschmid, Agroscope / Inst for Plant Production Sciences
IPS; C. Mayer, BASF SE / Ecotoxicology; G. Meregalli, Dow AgroSciences
Italia srl / Environmental Regulatory Sciences Ecotoxicology; H. OchoaAcuna, DuPont Crop Protection / Global Regulatory Ecotoxicology; V.
Poulsen, ANSES / French Agency for Food Environmental and Occupational
Health and Safety; F. Streissl, EFSA / Pesticides Unit
The registration of Plant Protection Products (PPPs) in the EU falls
under Regulation 1107/2009, which recommends a tiered approach to
assessing the risk to non-target terrestrial plants (NTTPs). However,
little information is provided on how to perform and implement higher
tier studies or how to use them to refine the risk assessments. Therefore,
two workshops (April 2014, Sept 2015) were organized with the aim of:
developing a framework for a higher-tier approach to assessing the risk
of PPPs to NTTPs; providing expert opinion and advice as input for the
ongoing revision of the terrestrial ecotoxicology guidance document and
NTTP risk assessment procedures. The recommendations agreed to by
the first workshop relate to the three main themes, i.e. specific protection
goals, risk assessment and mitigation. The participants of the workshop
adopted the European Food Safety Authority (EFSA) approach of
using an ecosystem services framework for identifying specific protection goals. First, delivery and protection of ecosystem services were
discussed for in-crop, in-field and off-crop, and off-field areas. Second,
lower and higher tier risk assessment methods, including modeling
approaches, were evaluated and the benefits from these options were
addressed. Third, options for risk mitigation of spray drift and run-off
were discussed and evaluated. The workshop participants agreed that the
type and relative importance of ecosystem services provided by NTTPs
differ between areas both in-field and off-field. A number of concerns
were raised during the workshop and literature reviews were performed
and data collected in order to reduce uncertainty. These actions focussed
on the protectiveness of standard test species for wild species; the
protectiveness of regulatory endpoints for reproductive endpoints; the

SETAC North America 36th Annual Meeting | 95

TUESDAY PLATFORM ABSTRACTS
methods and endpoints for multispecies or field-studies; and the importance of different exposure routes for non-target terrestrial plants. The
second workshop built upon the results of these literature reviews, the
recommendations of the first workshop and the EFSA opinion on risk
assessment of PPPs for NTTPs. The main charge questions identified for
the second workshop were: how to address reproductive endpoints; how
to mitigate risks; how to conduct higher tier tests. Recommendations
from both workshops will be presented.
348 Risks posed to seagrass and mangrove communities from PSII
herbicides: A case study from temperate Australia
J. Myers, CAPIM / School of Biosciences; M.J. Keough, The Univ of
Melbourne / School of Biosciences; S. Sharp, School of Biosciences; R.
Coleman, K. Cinque, Melbourne Water; C. O’Neill, Hydronumerics; V.J.
Pettigrove, The Univ of Melbourne / Zoology
Reports of the occurrence of pesticides, particularly herbicides, in
estuaries and coastal waters both in Australia and overseas is increasing, notably in areas adjacent to metropolitan and agricultural areas.
Developed and used to control weeds on land, studies have shown that
herbicides are equally potent towards non-target flora species. Seagrass
and mangrove habitats around the world are a critical part of estuarine and marine ecosystems, playing an important role in maintaining
ecological processes. These communities maintain water clarity through
stabilising coastal zones and mud banks, preventing erosion, and assisting in the recycling of nutrients, carbon and anthropogenic inputs
entering from surrounding catchments. The close proximity of mangroves and seagrass habitats to estuary flood plumes has raised concern
regarding the possible threat of herbicides from agricultural runoff to
plant health. We undertook a multifaceted study to understand risks
posed to estuarine and marine floral communities from PSII herbicides. The study involved a one year pesticide monitoring program in
surface waters and hydrodynamic modeling to predict concentrations of
herbicides occurring in key vegetation areas of a large coastal embayment
in Southern Australia and laboratory studies assessing the toxicity of
photosystem II inhibiting herbicides to the mangrove Avicennia marina
and sub-and inter-tidal seagrasses Zostera muelleri and Zostera nigricaulis. Results indicated that the estuaries and bay were characterized by
frequent and widespread occurrence of pesticides, notably herbicides,
which were present most often as complex mixtures. Modeling indicated
that herbicide concentrations beyond estuary mouths could reach up to
50% of that detected in surface waters of the estuaries, however more
commonly would be between 10 - 20% of estuarine surface water concentrations. Laboratory investigations into the toxicity of PSII-inhibitor
herbicides to seagrass and mangroves indicated potential for low to
moderate risks to flora communities. This was based on comparison of
effective concentration data determined from exposure experiments with
guideline values, environmental concentrations determined during field
monitoring and model outputs. The results of this study in a temperate
Australian system will be a basis for discussing potential risks to mangrove and seagrass habitats from PSII herbicides in coastal ecosystems.
349 Species Sensitivity Distributions for Non-Target Plant Studies
J.W. Green, DuPont / Applied Statistics Group
Species Sensitivity Distributions (SSDs) are increasingly requested by
regulatory authorities, especially in the EU, as part of product registration
submissions. It has become common in some EU registrations to reject
species data for SSD purposes if the data do not conform to the lognormal or log-logistic distribution. It will be shown that the log-normal
is not always appropriate and the consequence of mis-specifiying the
distribution can be a seriously misleading HC5 value. It is also becoming
common to reject to the use of censored values (e.g., EC50>100 ppm).
There is no scientific basis or practical need for either requirement and
it will be shown that both lead to biased estimated of HC5. Also to be
discussed is the choice between the median HC5 or its lower confidence
bound, HC5LB. A comparison will be made of the median HC5 and
lower bound HC5 calculations. This will be done in part by comparing the variability of HC5 and HC5LB. Examples of species sensitivity
values from guideline studies that do not conform to either a log-normal
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or log-logistic distribution will be given. In addition, a study will be presented of the bias that can be introduced by estimating HC5 or HC5LB
from a log-normal or log-logistic distribution when the true distribution is
different. Ignoring censored values means the distribution being analyzed
is truncated and there are well known differences between truncated
log-normal and log-normal distributions. The same applies to any other
distribution that might be employed. The bias introduced by eliminating
censored values will be explored, both through datasets used in product
registrations, computer simulations, and mathematics. At the same time,
the bias that can be introduced by treating censored values as uncensored
will be documented. A well-known mathematically correct approach to
including censored values will be described that has been implemented
in both proprietary and freely available software. The EUFRAM work of
2006 recommended capturing uncertainty as well as variability, but some
software packages ignore this and report unrealistically short confidence
intervals. While the focus of this presentation is on non-target plant studies, the issues presented apply to all ecotoxicity data.
350 Factors affecting seed banks of riparian communities in an agricultural ecosystem: Potential for conservation of native plant diversity
R.L. Dalton, Univ of Ottawa /Biology; C. Boutin, D. Carpenter,
Environment Canada; J.E. Allison, Carleton Univ and Environment
Canada
In agricultural watersheds, riparian plant communities may be negatively affected by agricultural land use and agrochemicals (pesticides and
fertilizers). The soil seed bank has potential to provide a buffer against
negative effects and to provide a source of species for regeneration following restoration efforts. The objectives of our study were to assess
the effects of nitrogen-based fertilizers, the commonly used herbicide
atrazine and agricultural land use on riparian seed bank and vegetation
community structure. We also examined the potential of the seed bank
in the conservation and restoration of native riparian plant diversity. The
riparian plant vegetation was identified at 24 sites located across a large
North American agricultural watershed. Soil cores were collected at each
site and the seedling emergence method used to identify the seed bank
composition. Field sites ranged in land use (6.7 to 97.4% annual crops),
in-stream nitrate concentrations (3 to 3981 µg/L as nitrogen) and instream atrazine concentrations (time-weighted averages of 4 to 412 ng/L
over a 56 day period). In total, 274 plant taxa were identified, including
181 taxa in the seed bank and 231 taxa in the vegetation. The community
structure of both the seed bank and vegetation were negatively affected
by the loss of natural habitat and by nitrogen enrichment but no effects
of atrazine were observed. An increase in the percentage of non-native
species and a decrease in floristic quality were observed along a gradient of agricultural intensity. The widespread and dominant non-native
grasses, Phalaris arundinacea and Bromus inermis, decreased species richness of the vegetation but not the seed bank. The riparian soil seed bank
has potential to conserve native plant diversity in degraded sites and to
be a source of native plant species in restoration efforts.
351 Development of a revised water quality standard for sulfate to
protect wild rice (Zizania palustris) from elevated hydrogen sulfide in
sediment
E. Swain, Minnesota Pollution Control Agency; P. Monson, Minnesota
Pollution Control Agency / Environmental Outcomes Division; D. Bael,
Minnesota Pollution Control Agency; E. Peters, Minnesota Dept of Natural
Resources
The state of Minnesota is re-evaluating a 1973 water quality standard
for sulfate (10 mg/L) designed to protect wild rice, an iconic Minnesota
plant that has cultural, spiritual, economic, and ecological value. A
standard needs to be based on 1) an understanding of the relationship
between dose and effect of the chemical on the response of organisms
and 2) potential exposure of organisms to the chemical. With wild rice,
the prediction of the potential exposure, and therefore potential harm, is
complicated by the fact that sulfate is regulated, but the sulfate must be
converted into hydrogen sulfide by bacteria in sediment before there is
potential exposure. In the language of the USEPA, the stressor (sulfate)
has an indirect relationship with the response (presence or absence of
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wild rice). The dose-response relationship between sulfide and wild rice
is known from assessments from 3 tiers of scientific study: hydroponic
exposures in the lab, outdoor mesocosms with natural sediment, and 112
different field sites across Minnesota, from which a protective concentration of sulfide has been identified (165 µg/L). The potential for exposure
to sulfide can be understood through a structural equation model (SEM),
which shows that sulfide concentrations have a positive relationship
with surface water sulfate and sediment organic carbon (which powers
bacterial activity), and a negative relationship with sediment iron concentration (which removes sulfide from porewater via precipitation as iron
sulfides). Because sediment concentrations of organic carbon and iron
differ among wild rice waters, there is no single sulfate concentration
in surface water that corresponds to the protective sulfide concentration. Wild rice is especially vulnerable in waters with sediments high
in organic carbon and low in iron; calculated protective sulfate concentrations are as low as 0.5 mg/L sulfate. On the other hand, calculated
protective sulfate concentrations are as high as 500 mg/L in wild rice
waters that are low in organic carbon and high in iron. Therefore, rather
than a single sulfate concentration, it may be most defensible to calculate
a unique sulfate water quality standard for each wild rice water. Such a
standard would be based on the analysis of organic carbon and iron in
multiple sediment samples from wild rice beds in each wild rice water.
352 Investigating iron and carbon controls on sulfide toxicity in wild
rice mesocosms
S. LaFond, Univ of Minnesota Duluth / Water Resource Science; N.W.
Johnson, Univ of Minnesota Duluth / Civil Engineering; J. Pastor, Univ of
Minnesota Duluth / Dept of Biology
In anoxic sediment of a wild rice bed, sulfide is produced when sulfate is
reduced by sulfate reducing bacteria in the presence of organic carbon but
may then precipitate with dissolved, ferrous iron to form iron sulfide precipitate. A previous mesocosm experiment showed that sulfate additions
of 300 mg/L decimated wild rice populations in just two years. In order
to investigate the interactions of sulfate, iron, and carbon loading, sulfate
and iron were added to and litter was removed from wild rice mesocosms
in a factorial design over two growing seasons. Pore water was sampled
using Rhizons attached to an evacuated serum bottle, then analyzed for
sulfate, sulfide, iron, DOC, and specific ultra-violet absorbance (SUVA).
After the first growing season, pore water sulfide increased with surface
water sulfate amendments (p=0.00013), but litter removal and iron
additions did not significantly affect porewater sulfide concentrations.
Wild rice biomass was significantly decreased by sulfate amendments (p
< 0.021), but was not affect by litter removal and iron amendments. In
a separate experiment, wild rice plants were grown in buckets, half of
which received 300 mg/L sulfate amendments in the surface water. Eight
wild rice plants were sacrificed biweekly for simultaneous iron and acid
volatile sulfide (AVS) weak acid extraction of the roots. Both iron and
AVS were more concentrated on roots compared to bulk sediment during
the growing season. In the sulfate-amended treatment, bulk sediment
AVS increased from 0.3 umol/g to 13 umol/g over one growing season,
while root AVS increased to 130 umol/g in late summer. The relative
abundance of AVS on roots during the growing season suggests that iron
sulfide is forming more quickly on roots than in sediments during the
growing season. In both amended and control treatments, bulk sediment
iron remained at 80 umol/g for the duration of the same growing season,
while root iron persisted at approximately 400 umol/g. After the plants
senesced, root iron and AVS decreased precipitously to concentrations
similar to the bulk sediment. These results suggest that living wild rice
root surfaces are a dynamic site for iron and sulfur cycling.
353 Strength and Relevance Assessment for Phytoplankton Data as
they Pertain to Atrazine: A Critical Review and Data Re-evaluation
L.R. Baxter, K.R. Solomon, Univ of Guelph / School of Environmental
Sciences; R. Brain, Syngenta Crop Protection, Inc. / Dept of Environmental
Risk Characterization; A.J. Hosmer, Syngenta Crop Protection, Inc.; M.L.
Hanson, Univ of Manitoba / Dept of Environment and Geography
Algae form the base of the food chain in ponds, rivers, lakes and reservoirs and criteria are needed for protection of these aquatic ecosystems.

To estimate criteria and guidelines for protecting primary production,
the most reliable toxicity data should be used. We conducted a critical
review of available laboratory toxicity tests for phytoplankton and the
herbicide atrazine. Transparent scoring rubrics for both the strength
of the study and the relevance of individual responses for the purposes
of ecological risk assessment were created and applied to the available reports and published studies. Studies were also scored using the
standard Klimisch approach in order to compare the new evaluation
technique to previous approaches. Appropriate QA/QC was employed,
e.g., multiple independent scores for a random subset of papers, in order
to examine consistency of the scoring exercise. This process resulted in
a scientifically defensible selection of phytoplankton studies that should
be given preference for the purposes of risk assessment for atrazine. As
well, value of the scoring system was demonstrated as a means to screen
phytoplankton toxicity data for other compounds.

Environmental or Analytical Chemistry
General – Part 2 Methods
354 MIPs—DESI-MS/MS: a new way to monitor nitrosamines in
water?
S. Egli, C. Bottaro, Memorial Univ of Newfoundland / Chemistry
Nitrosamines are a group of compounds formed as by-products of
certain industrial processes and disinfection of drinking-water and
wastewater. Toxic and carcinogenic effects have been recorded for
certain nitrosamines. For example N-nitrosodimethylamine (NDMA),
N-nitrosodiethylamine (NDEA), N-nitrosodipropylamine (NDPA),
N-nitrosodiphenylamine (NDPhA) and N-nitrosopyrrolidine (NPyr) are
currently listed on the USEPA- Contaminant Candidate list 3 (http://
www2.epa.gov/ccl/contaminant-candidate-list-3-ccl-3#chemical-list).
Routine monitoring is thus particularly important, which explains the
efforts to develop new methods for high throughput screening. Current
methods rely on solid phase extraction from aqueous samples followed by
liquid chromatography with tandem mass spectrometry (SPE-LC-MS/
MS) or gas chromatography mass spectrometry (SPE-GC-MS/MS) for
the volatile nitrosamines. We propose replacing SPE with a more attractive alternative, molecularly imprinted polymers coupled to desorption
electrospray ionization-mass spectrometry (MIP-DESI-MS). MIPs are
capable of selectively adsorbing a certain targeted compound from a complex matrix based on a molecular recognition mechanism. This technique
is cost effective, environmentally friendly, highly selective for a specific
class of compounds, and sensitive in complex matrices with no prior
MIP conditioning or sample preparation steps. Nitrosamine detection is
then carried out under ambient conditions using DESI-MS/MS directly
on the polymer surface. In this talk, the performance of the MIPs in
the uptake of nine nitrosamines will be evaluated through binding tests
in distilled water, drinking water and wastewater effluent in terms of
sensitivity, selectivity and other analytical figures of merit. Various factors influencing sensitivity in DESI-MS, including matrix effects, spray
composition, capillary voltage, and geometric relationships (e.g., capillary
to surface angles and distances) will be presented, as well as an assessment of the method for semi-quantitative screening for nitrosamines.
355 Development of a Handheld Sensor System for the Detection of
Heavy Metals in Water
C. Sullivan, P. Kurup, J. Cho, Univ of Massachusetts Lowell / Civil and
Environmental Engineering
Heavy metals in surface water, groundwater, and sediment pore water
present a major environmental and health risk. High levels of heavy
metals have been linked to a range of ailments, including damage to
the nervous system, gastrointestinal system, kidneys, and liver. Current
methods of heavy metal detection require sampling the contaminated
media, and subsequent transportation to a laboratory for testing. This
approach risks exposure of highly toxic media to field workers and
laboratory personal and does not allow for informed sampling of sites.
Through an interdisciplinary research project conducted at the University
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of Massachusetts Lowell, a novel handheld sensor system and methodology for qualitative and quantitative analysis of contaminated water was
developed. The sensor system consisted of a handheld, battery powered
potentiostat and a glassy carbon electrode. The potentiostat was programmed to perform square wave stripping voltammetry experiments
using software designed with LabVIEW System Design Software. To
determine the capabilities of the device for the detection of heavy metals,
tests were conducted to measure concentrations of lead and cadmium
spiked in samples of water. To improve sensitivity a pretreatment solution consisting of 200 mM acetate buffer and 8 µM bismuth nitrate was
added. The resulting data was analyzed using machine learning techniques and regression analysis. Concentrations of lead ranging from 0
to 150 ppb, and concentrations of cadmium ranging from 0 to 125 ppb
were tested. The device and methodology developed in this research were
capable of detecting both metals at or below the maximum contamination levels set by the USEPA (15 ppb for lead and 5 ppb for cadmium).
356 Characterization Techniques for Nanomaterials - Recent
Analytical Developments
C. Stephan
Nanomaterials characterization is complex and requires many analytical platforms in order to achieve the task at hand. This talk connects
nanomaterials parameters that most commonly need to be measured
with corresponding measurement techniques. It is a brief overview for
nanotechnology scientists to rapidly identify the appropriate technique
needed for measuring nanomaterials. Among the techniques that will
be discussed; Single Particle ICP-MS is a new advancement in ICP-MS
devoted to the analysis of individual metallic nanoparticles ranging
from single digit nm up to a few µm. It is element specific, allows the
differentiation between ionic (M+) and particulate signals (particles) in
a wide variety of matrices without any prior separation. In one sample
analysis, SP-ICP-MS provides ionic and particle concentration, particle
composition, size and size distribution. Direct Sampling Analysis
(DSA) Time of Flight (TOF) mass spectrometer is an ambient ionization technique coupled to an accurate mass spectrometer allowing the
analysis of capping agent. The organic capped ligands are released from
the nanoparticles due to thermo-lability of the covalent bonds. Using
accurate mass and isotope profile information provided by the TOF,
we were able to confirm the presence of the different types of ligands
attached to nanoparticles. Besides just identifying and confirming one
type of organic monolayer covalently bound to the nanoparticle, we were
also able to identify bilayers wherein, one organic monolayer is covalently
modified with a second type of organic ligand. Thermal Gravimetric
Analysis (TGA) – Infra Red (IR) – Gas Chromatography Mass
Spectrometry (GC/MS) is a very powerful combination of analytical
techniques all operated together in synergy towards the identification of
various organics residing on the surface of Nanostructure.
357 Development of LC-MS Techniques to Analyze Reproductive
and Stress Steroid Hormones in Gray Whale (Eschrictius robustus)
Blubber
M. Gendron, Texas Tech Univ / TIEHH, Environmental Toxicology; D.
Klein, Texas Tech Univ / Environmental Toxicology; J. Escobedo, S. San
Francisco, TexasTech Univ / Center for Biotechnology Genomics; K. Wooten,
Texas Tech Univ / Environmental Toxicology; J. Urban Ramirez, C. Lopez
Montalvo, Univ Autónoma de Baja California Sur; N.M. Kellar, NMFS
Southwest Fisheries Science Center; M. Trego, UC Davis / Environmental
Toxicology Dept; T. O’Hara, Univ of Alaska Fairbanks / Inst of Arctic
Biology; J. Bickham, Battelle Memorial Inst; C.A. Godard, Texas Tech Univ
/ TIEHH, Environmental Toxicology
Reproductive and stress hormone analyses can provide critical information for cetacean conservation and management. However, the current
enzyme-linked immunosorbent assay methodology for steroid hormone
analyses is limited in its applications to this taxon because of the small
amount of biopsy tissue that can be collected from free-ranging animals.
It also exhibits potential for cross-reactivity among steroid hormones
when quantitated using antibodies. While blubber progesterone ELISA
analyses have been validated in several cetacean species including D.
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delphis, L. borealis, L. obliquidens, and B. acutorostrata (Kellar et al.
2006, Mansour et al. 2002) and blubber testosterone ELISA analyses
have been validated in D. delphis (Kellar et al. 2009) for the purpose
of determining reproductive status, the sample mass required for these
analyses is >150 mg, and each ELISA kit is limited to detecting a single
steroid hormone. We previously optimized blubber progesterone ELISA
analyses in western gray whales E. robustus using 50 mg of sample mass
and reported levels of 0.018-3.015 ng/g. Here, we report on the development and optimization of the extraction, detection, and quantitation
of a preliminary panel of steroid hormones including progesterone,
testosterone, estradiol, and cortisol via LC-MS analysis in eastern gray
whales. LC-MS offers sensitive detection and quantitation, eliminates
cross-reactivity, and is compatible with a small sample size of 50mg.
Samples from free-ranging eastern gray whales collected in 2012-2014
and stranded eastern gray whale collected in 1997-2011 were homogenized using a FastPrep® 24, extracted for steroids, and spiked with
stable isotope-labeled hormone standards to be analyzed by LC-MS.
Preliminary method development indicate successful detection of the
four-hormone panel: testosterone, progesterone, estradiol, and cortisol.
Methodology optimization to increase sensitivity and the limits of detection to be similar to ELISA kits previously used is currently underway.
Also, new methods are being created to increase the number of detectable steroid hormones from a single 50 mg blubber sample. Results from
these analyses will be compared with the previously optimized progesterone ELISA analyses. Optimization of testosterone ELISA analyses for
E. robustus are also in progress to allow for further method comparison.
358 Development of a compact continuous submerged water samplers
to monitor micropollutant time-weighted average concentrations
Y. Kameda, Chiba Inst of Technology / Civil Architectural and
Environmental Engineering
Grab sampling is a very basic and effective sampling method to measure
micropollutants in surface water when the “sampling frequency” is high.
However, high frequency is difficult in most investigations and screenings. Passive sampling techniques have great advantages to estimation
of time-weighted average concentration and accumulation monitoring
during their deployment. But passive sampling techniques have also
disadvantages to measuring micropollutants in dissolved form and laborious calibration of sampling rates for micropollutants. Recently small
continuous low-level aquatic monitoring “C.L.A.M.” has been developed
which can perform low flow rate extraction sampling at sampling sites.
C.L.A.M. is very effective tool to estimate micropollutant concentration in low turbidity surface water. Therefore it is very meaningful to
develop novel samplers to monitor micropollutants in particulate and
dissolved form even in muddy surface water during several weeks. In this
study, a novel sampler which can concentrate dissolved micropollutants
at constant flow rates in surface water even with high concentration of
suspended solids. Disks which absorb micropollutants in surface water
are Empore disks. A filter upon the disk is a 47mm hydrophilic PTFE
membrane filter. A flow cell which houses an Empore disk and PTFE
membrane is developed using a 3D printer. This presentation will show
various developed flow cell models and their filtration characteristics
which is very important to build a novel sampler.
359 Comparison of two green extraction methods, MSPD and
QuEChERS, on low-polarity POPs in avian adipose tissue
R. Cooper, Environmental Science Biological Science; R.A. Warby, The
Warby Group LLC; B. Rougeau, Arkansas State Univ / Chemistry and
Physics; J.L. Bouldin, Arkansas State Univ / Biological Sciences
Widening applications of sustainable approaches to sample preparation
has become a recent focus of environmental analysis. Two extractive
methods, matrix solid phase dispersion (MSPD) and QuEChERS have
been successfully applied to separation of fatty matrices (e.g., edible
oils, fish tissues, and animal fat) from lipophilic contaminants such as
persistent organic pollutants (POPs). However, their development for
application to environmental samples has been limited or non-existent,
particularly for samples of restricted mass. The purpose of this study
was to compare MSPD and QuEChERS extraction methods from the
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literature in order to determine the best option for extraction and quantification of POPs in avian fat samples up to ten times less-massive (≥0.05
g) than those previously analysed. The lower-polarity POP fraction was
targeted, containing PCBs (congeners 138, 153, 180) and p,p’-DDE,
due to the toxicity, persistence, and stability of these contaminants.
Method development included identifying an optimal absorbent mix,
flow rate, solvent mix, and solvent volume for the MSPD procedure,
while optimization of the QuEChERS procedure involved evaluating
sample treatment, extraction solvent, and dSPE mass. A pilot study
was conducted utilizing a fluorescing surrogate, and then results were
confirmed with POP standards and GC/ECD. Mean percent recovery
and mean percent relative standard deviations were compared and simple
linear regression was used to determine the change in percent recovery in
relation to fortification concentration for each POP.
360 Novel Molecularly Imprinted Polymers (MIPs) Thin-Films as
selective sorbents for Trace Concentrations of Thiophene Compounds
in Water
H. Hijazi, C. Bottaro, Memorial Univ of Newfoundland / Chemistry
Thiophenes such as benzothiophene (BT) and its related derivatives are
known for their persistence and toxicity (e.g., mutagenicity, carcinogenicity, and acute toxicity) in marine environments. These compounds
can be used as organic markers for oil pollution, which can come into
contact with marine water through regulated oil discharges, accidental oil spills and shipping related inputs. Removing them from oil
through a hydrodesulfurization process is usually challenging due to
their resistivity to alkylation and oxidation. Current analytical methods
combining solid phase extraction (SPE) with gas chromatography (GC)
or high performance liquid chromatography (HPLC) are most widely
used; however, matrix complexity, low analyte concentrations, and low
selectivity of SPE can limit the efficiency of separation and detection. To
overcome these problems, selective sorbents material such as molecularly
imprinted polymers (MIPs) can be used for analysis of thiophenes. MIPs
are synthetic polymers that contain artificial recognition sites formed by
polymerization in the presence of a template molecule. MIPs provide a
simple mechanism for molecular recognition mechanism, high mechanical and thermal stability, and can be prepared easily at low cost. In our
work, MIPs are prepared as thin-films on a glass substrate, simplifying fabrication and allowing for flexibility in deployment and use with
variety detection systems. A pseudo-template is used in imprinting to
avoid positive bias associated with template-bleeding, which can be
problematic when working at low (µg L-1) analyte concentrations. Ours
is the first reported MIPs for uptake of thiophenes from aqueous matrices. Binding affinity and heterogeneity, uptake behavior over a range of
thiophenes concentrations from 0.1-100 µg L-1, and imprinting factors
(IFs) for these MIP thin-films have been characterized. Results will be
presented demonstrating the use of MIP thin-films with different detection systems such gas chromatography mass spectrometry (GC-MS),
fluorimetry and desorption electrospray ionization mass spectrometry
(DESI-MS). Data from analysis of BT in various water environments
along with analytical figures of merit will be presented.

Use of Molecular, Computational and
Systems Biology Approaches to Advance
Next Generation Ecological Risk Assessment
361 Enhancing high throughput toxicology - development of putative adverse outcome pathways linking ToxCast screening targets to
relevant apical hazards
K.A. Fay, Univ of Minnesota - Duluth / Biology; D.L. Villeneuve, USEPA
/ Mid-Continent Ecology Division; D. Martinovic-Weigelt, Univ of St.
Thomas; G.T. Ankley, USEPA / National Health and Environmental Effects
Research Laboratory; S. Edwards, Integrated Systems Toxicology Division
High throughput toxicology programs, such as ToxCast and Tox21, have
provided biological effects data for thousands of chemicals at multiple

concentrations. Compared to traditional, whole-organism approaches,
high throughput assays are rapid and cost-effective, yet they generally
do not directly measure endpoints of regulatory utility (e.g., survival,
growth, reproduction, disease). In an effort to leverage these data for
risk assessment and regulatory decision-making, a project is underway
to develop putative adverse outcome pathways (pAOPs) which will link
USEPA ToxCast assay endpoints to potential hazards of regulatory
concern (Office of Economic Cooperation and Development [OECD]
AOP Development Programme, Project 1,27). Putative AOPs are
being deposited in the internationally harmonized AOP knowledgebase
(AOPkb.org). Approximately 760 ToxCast assays were mapped to 300
unique biological targets (e.g., proteins, genes, transcription factors).
Putative AOPs were developed by considering the role of these targets in
normal biology and hypothesizing the potential consequences of chemical-induced perturbations. As of May 2015, over 50 pAOPs covering
roughly 10% of the toxicological space considered in ToxCast had been
developed. The goals of the on-going effort are to (1) enhance interpretation and use of available ToxCast screening data for hazard identification
and prioritization, (2) identify important gaps in the ToxCast suite of
assays, and (3) aid prioritization of toxicologically-relevant pathways
for development into more formal AOP descriptions including weight
of evidence assembly and evaluation. Cataloging of these pAOPs in the
AOP knowledge-base will also allow for the broader scientific community to engage in the further vetting and development of these AOPs.
The contents of this abstract neither constitue nor necessarily reflect
official USEPA policy.
362 Predicting biological effects of environmental mixtures using
exposure:activity ratios (EAR) derived from USEPA’s ToxCast data
B.R. Blackwell, ORISE; P. Schroeder, Helmholtz Zentrum München /
Microbe Plant Interactions; J. Swintek, Badger Technical Services; L. De
Cicco, USGS / Center for Integrated Data Analytics; S.R. Corsi, USGS /
Water Resources Division; G.T. Ankley, USEPA / National Health and
Environmental Effects Research Laboratory; D.L. Villeneuve, USEPA /
Mid-Continent Ecology Division
Chemical monitoring has been widely used in environmental surveillance
to assess exposure to environmental contaminants which could represent
potential hazards to exposed organisms. However, the ability to detect
a contaminant does not necessarily provide a basis for understanding its
potential risks as effects data for many contaminants do not exist. Recent
advances in the arena of high throughput toxicology allow for the screening of large numbers of chemicals for a wide array of biological activity in
a rapid, low cost manner. Data generated from these assays can provide
benchmark effect concentrations and relative potencies for interaction
with various biological targets, which in turn can be compared with
available chemical occurrence data. Together, these data can be used to
calculate an exposure:activity ratio (EAR) to prioritize specific chemicals
for further testing or to identify biological pathways most likely to be
impacted at specific environmental sites. The USEPA’s ToxCast Program
has generated a unique, publically accessible dataset with over 1,800
individual chemicals screened through more than 800 assays. Chemical
concentrations from composite water samples were compared to AC50
values from ToxCast to generate EARs for sites sampled along a gradient
of wastewater discharge in the St. Louis River, MN, USA. Composite
water samples collected from these sites in 2012 had been analyzed for
137 chemicals including wastewater indicators, pharmaceuticals, and
steroid hormones. A conservative EAR threshold of 0.1 was set to screen
for chemicals with potential biological activity. Locations nearest to the
wastewater discharge generally showed higher EARs indicating a greater
likelihood of biological impact. Chemicals interacting with estrogen
receptor alpha, pregnane X receptor, and aryl hydrocarbon receptor,
among others, were frequently observed with EAR greater than 1. EARs
will be used to prioritize further chemical monitoring of specific analytes
and for subsequent targeted effects monitoring of biological pathways
with predicted interactions. The contents of this abstract neither constitute, nor necessarily reflect, official USEPA policy.
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363 Evaluation of Toxicity Equivalent Calculations for Use with Data
from In Vitro Aromatase Inhibition Assays
K.H. Watanabe, Oregon Health & Science Univ / Environmental and
Biomolecular Systems; W. Cheng, USEPA; D.L. Villeneuve, USEPA / MidContinent Ecology Division; R. Conolly, USEPA; E.J. Perkins, M.L. Mayo,
US Army Engineer Research and Development Center / Environmental
Laboratory
With growing investment in alternatives to traditional animal toxicity
tests, the next generation of risk assessment must interpret new streams
of data to identify hazards and protect humans and wildlife populations.
If the effects of a chemical can be characterized by a battery of high
throughput in vitro assays, such as those used in the USEPA ToxcastTM
program, then, theoretically, biologically-based mathematical models can
be developed to utilize a set of assay results to predict effects in a whole
organism. Challenges arise, however, in extrapolating in vitro assay
data to produce meaningful metrics that enable mathematical models to
predict in vivo effects robustly. This presentation focuses on how different metrics derived from in vitro assay data affect model predictions of
reproductive endpoints in the fathead minnow (Pimephales promelas). In
the context of a quantitative adverse outcome pathway, we investigated
how different results from two aromatase inhibition assays ultimately
affect model predictions of fathead minnow fecundity. Toxicity
equivalents (TEQs) were computed for known aromatase inhibitors,
propiconazole and prochloraz, based upon (i) measured EC50s, and (ii)
the area under the assay response curve (AUC). The TEQs were used
to adjust aromatase inhibition parameters in a hypothalamic-pituitarygonadal (HPG) axis model, and HPG axis model predictions of plasma
vitellogenin concentration time series were input into an oocyte growth
dynamics model. Preliminary results indicate that in addition to assay
response differences, the choice of a TEQ metric has an impact upon
model-predicted fecundity. Thus, in the next generation of risk assessment it will be important to understand what in vitro assays are actually
measuring and to develop extrapolation methods that can harmonize
results from multiple assays.
364 Exploring the use of orthogonal high-throughput assay data for
rapid human and ecological risk screening
E.E. Yost, USEPA National Center for Environmental Assessment /
National Center for Environmental Assessment; I.L. Druwe, K. Painter,
ORISE at USEPA / National Center for Environmental Assessment;
L. Burgoon, US Army Engineer Research and Development Center /
Environmental Laboratory
To address the thousands of environmental chemicals that lack health
effects data, there is momentum to apply datasets from high throughput
screening (HTS) technologies (e.g., Tox21) in order to develop quantitative risk screening values. These screening values can be coupled
to adverse outcome pathways (AOPs) in order to make predictions on
potential hazards. Orthogonal HTS assays, i.e. multiple assays that
measure molecular/cellular key events in different ways, may be used to
increase confidence in this paradigm, as they provide weight of evidence
for chemical perturbation of a key event within an AOP. This study lays
out a framework for integrating data from orthogonal HTS assays to
develop quantitative risk screening values for chemicals of interest, and
examines the use of this framework for predicting adverse health effects
in humans and in ecological receptors. Estrogen receptor (ER) activation
is used as an initial case study. From the NCBI PubChem database, we
identified over 2000 chemicals that were active across two orthogonal
assays that measure binding and transactivation of the human ER. Using
bootstrap analysis, we found that EC50s within chemicals were largely
reproducible across these two assays (bootstrap estimated mean residual
of 0.0011 uM; 95% confidence interval from -0.025 to 0.027 uM). This
suggests that data from these two orthogonal assays may be integrated
in order to estimate a quantitative hazard level with relatively little
uncertainty. Using these datasets, we then developed a bootstrap natural
spline-based metaregression method for integrating concentrationresponse data across orthogonal assays, and used this model to calculate
risk screening values for these chemicals. By coupling these screening
values to established AOPs for ER activation, these values may be used
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to prioritize chemicals for further analysis, or may be coupled with
reverse dosimetry data in order to infer a putative reference dose. We are
expanding the scope of our work to include additional key events, including ER antagonism, as well as key events in other biological pathways.
The reliability of this method for human and ecological hazard identification will be examined by comparing our results to the effects of these
chemicals in model species, such as aquatic organisms or mammalian
models. The views expressed in this abstract are those of the authors and
do not necessarily reflect the views or policies of the US Environmental
Protection Agency.
365 Establishing an AOP for the role of the vitamin D receptor in
developmental neurotoxicity
D. Mahapatra, North Carolina State Univ; J. Franzosa, K. Houck, USEPA
/ ORD / National Center for Computational Toxicology; A. Oliveri, E.
Levin, Duke Univ; S. Kullman, North Carolina State Univ / Dept of
Biological Sciences
Recent evidence suggests a linkage between exposure to environmental
neurotoxic chemicals and the marked increase in neurodevelopmental
disorders including learning disabilities, attention deficit and hyperactivity disorder, autism spectrum disorders, and Parkinson’s disease.
Neurotoxic chemical exposure during development can have adverse
functional effects expressed either during the process of neurobehavioral
development or later in life. Vitamin D receptors are critical regulators for neurodevelopment and interruption of vitamin signaling during
ontogeny can have important consequences on neural differentiation and
the development of neural circuitry, particularly with regard to dopaminergic innervation. Here we provide an adverse outcome pathway to test
the hypothesis that modulation of the vitamin D neuroendocrine axis is
associated with developmental neurotoxicity and may play a pathophysiological role in adult neurobehavioral disorders. Select VDR agonists
and antagonists were identified through profiling U.S. Tox21 highthroughput screening (qHTS) data and further tested in orthogonal in
vitro and in vivo zebrafish assays. Results demonstrate the utility of high
content screening for identification of receptor targets, unique molecular
interactions between VDR and select environmental agents, and putative linkages between VDR signaling and neurobehavioral impairment.
Our AOP is designed to facilitate prediction of a chemical’s potential
for developmental neurotoxicity and will assist predictive strategies for
human risk based upon evaluation of mechanistic and apical data derived
from a linked series of in vitro and in vivo responses. The views expressed
in this paper are those of the authors and do not necessarily represent the
views or policies of the USEPA.
366 Zebrafish Models For Human Acute Organophosphorus
Poisoning
N. Vinas, Mississippi State Univ / Environmental Laboratory; M.D. Faria,
Univ of Aveiro / CESAM, Biology; M. Arick, Mississippi State Univ; F.
Padros, Universitat Autònoma de Barcelona; P. Babin, Universités Bordeaux
1 et 2; D. Sebastian, IRB Barcelona; J. Cacho, Université de Bordeaux /
EPOC; E. Prats, E. Rial, CSIC; A. Knoll-Gellida, Université de Bordeaux
/ MRGM; F. Le Bihanic, Université de Bordeaux / EPOC; G. Mathieu,
Université de Bordeaux / MRGM; A. Zorzano, IRB Barcelona; A.M.
Soares, Unive de Aveiro / Dept of Biology and CESAM; D. Raldua, CSIC /
IDAEA
Organophosphorus compounds (OP) are currently the most commonly
used pesticides in the world and its use might result in acute poisoning,
with around 3 million cases and 300,000 deaths annually. The molecular
initiating event leading to organophosphorus compounds poisoning is
the inhibition of acetylcholinesterase (AChE), resulting in the accumulation of the neurotransmitter acetylcholine (ACh) in the cholinergic
synapses. However, the pathways conducting to some of the adverse
outcomes are not well-understood. Zebrafish is being increasingly used
as a model species for both ecological and human health risk assessment.
Although the modes of action (MoA) leading to toxicity for these types
of pesticides have already been analyzed in zebrafish, these analyses have
been performed during embryonic development and therefore, are more
related with the developmental toxicity than with the OP poisoning.
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In this study we use a prototypic OP compound, chlorpyrifos-oxon
(CPO), to develop a zebrafish model of OP poisoning using a set of
molecular markers. The acute effects of mild, moderate, and high CPO
concentrations on zebrafish larvae have been studied at different levels of
organization including molecular (transcriptomic analysis by RNAseq,
biochemical responses), cellular, tissue and organismal (gross morphology, behavioral effects [visual motor response (VMR) and touch-evoked
escape response]). Three phenotypes were identified by gross-morphology and behavioral analysis. In conclusion, the adverse outcome
pathways of the different phenotypes have been dissected empirically and
the results obtained show that exposed zebrafish mimic many aspects
of the human OPP, therefore confirming the use of zebrafish larvae as a
suitable model to identify new antidotes against cholinergic syndrome.
367 Comparative toxicology of the zebrafish and fathead minnow
models: Understanding oxidative stress toxicity to design less hazardous chemicals
J. Corrales, Baylor Univ / Environmental Science; L.A. Kristofco, Dept of
Environmental Science; W.B. Steele, S. Williams, Baylor Univ; M. Mills,
E. Gallagher, T. Kavanagh, N. Simcox, Univ of Washington; L. Shen, Yale
Univ / Center for Green Chemistry and Green Engineering; E. Beach, Yale
Univ; F. Melnikov, Forestry and Environmental Studies; J. Kosal, George
Washington Univ; J. Zimmerman, Yale Univ; A. Voutchkova-Kostal,
George Washington Univ / Chemistry; P. Anastas, Yale Univ / Center for
Green Chemistry and Green Engineering; B.W. Brooks, Baylor Univ /
Environmental Health Science Program Dept of Environmental Science
Genome sequencing projects have demonstrated appreciable similarity
among mammalian genes and genes of evolutionarily more primitive organisms such as fish. In fact, recent findings showed that 70%
of human genes have at least one obvious zebrafish orthologue. As a
result, the use of alternate animal models in the field of toxicology and
biomedicine has gained significant attention. In this project we have
used a comparative toxicity approach that includes both a model used
in biomedical studies (zebrafish) and a model used in aquatic toxicology (fathead minnow) to determine define oxidative stress responses
(a biochemical imbalance leading to cellular damage and associated
with cancer, neurodegenerative diseases, cardiac function, and infection among other diseases) are conserved across these two fish models.
Following OECD FET and EPA WET guidelines zebrafish embryos
and fathead minnow larvae were exposed for 96 h to eight compounds
that are known to elicit an oxidative stress response, including bisphenol
A, cumene hydroperoxide, dinoseb, hydroquinone, indene, perfluorooctanoic acid, R-carvone, and tert-butyl hydroperoxide. Range-finding
tests were conducted to determine 96 h LC50 values, and fish were
then exposed to LC50, 40% LC50, 20% LC50, 10% LC50, 5% LC50,
solvent control, and control. Mortality was recorded daily. At 96 h,
larvae were collected in triplicate (each replicate representing a pool of
10 or 15 zebrafish and a pool of 5 fathead minnow) and we measured
lipid peroxidation, total glutathione, DNA damage, and mRNA expression of catalase, glutathione-S-transferase, glutamate-cysteine ligase
catalytic subunit, superoxide dismutase, and nuclear factor erythroid
2-like 2. Differential sensitivities were observed between the two fish
models, chemicals, and response variables examined, which highlights
the importance of understanding assumptions of model systems during
ecological hazard and risk assessments. Results are being used to build
computational models that associate oxidative stress parameters with
chemical structure attributes to support the design of more sustainable
chemicals with reduced hazard to humans and ecosystems.
368 Link quantitative toxicogenomics endpoints to conventional toxicity endpoints - phenotypic anchoring and cross species extrapolation
N. Gou, A. Gu, Northeastern Univ / Civil and Environmental Engineering
One of the most challenging on implementing toxicogenomics approach
in risk assessment involves establishing the theoretical framework and
comprehensive knowledge base required to obtain quantitative toxicogenomics assay endpoints and correlate them with relevant phenotypic
adverse outcome, so called phenotypic anchoring. This process help to
validate the basis of molecular toxicity assays, distinguish more defined

and focused assays, and entail possible interspecies extrapolation and
to gain more confidence in animal models for the possible realization
of mechanistic predictive toxicity. Although there are many researchers
who investigated the relationship between variety of gene expression
level and organism level phenotypic endpoints, most of them only performed qualitative analysis rather than quantitative analysis. Moreover,
quite a few studies investigate the phenotypic anchoring of toxicogenomics derived endpoints to phenotypic adverse outcome for ecotoxicity.
We recently developed a stress response ensemble-based toxicogenomics assay and proposed quantitative molecular endpoints, referred as
transcriptional effect level index (TELI). We quantitatively evaluated
the correlation of the TELI with conventional apical endpoints, on
growth inhibition of E. coli, and luminescence inhibition of V. fisheri for
30 single chemicals and mixtures. Furthermore, to explore the extrapolation of these correlations across different species, we also examined the
correlation between TELI and growth inhibition of single cell green
algal Selenastrum and fish cell line RTgillW-1. Our results shows good
correlations between TELI derived endpoints with growth inhibition on
E.coli, luminescence inhibition on V. fisheri. Relatively good correlation
is observed for growth inhibition of single cell green algal Selenastrum.
However, no significantly correlation was found between TELI and
growth inhibition on fish cell line RTgillW-1. Our results showed that
stress response pathways-based toxicogenomics assay can capture the
overall cellular toxicity potential that can be quantitatively link to conventional toxicity endpoints that have been adopted as standard methods
for water toxicity assessment, thus indicates the possibility of utilizing
our quantitatively toxicogenomics approach for water toxicity assessment.
However, further investigation is required for explore the correlation of
specific toxicity pathway and the underlying of correlation among different species.

Assessing the Environmental Fate and
Exposure of Engineered Nanoparticles Under
Relevant Conditions
369 Determination of titanium dioxide nanoparticle heteroaggregation with suspended particulate matter in riverine surface waters
D. Slomberg, CNRS/Aix-Marseille Université; J. Labille, CNRS; P.
Ollivier, BRGM; O. Radakovitch, Aix-Marseille Univ; N. Sani-Kast,
ETH Zurich; N. BARAN; A. Bruchet, CIRSEE Suez Environment;
M. Scheringer, ETH Zurich / Inst of Sustainable and Environmental
Chemistry; J. Brant, Univ of Wyoming
In predicting the fate of engineered nanoparticles (ENPs) in natural
surface waters, environmentally relevant system compositions and ENP
concentrations (µg/L range) should be employed. As such, the suspended
particulate matter (SPM), natural organic matter (NOM), and dissolved
ions in the Rhône River (France) were characterized along nine sampling
sites to provide insight into representative surface water compositions.1
The riverine SPM was fractionated by size and each fraction was assessed
for mineralogy. SPM native aggregation state and homoaggregation,
which can impact the fate and behavior of ENPs, were also considered.
Following characterization of the surface water chemistries, TiO2 ENPs
(µg/L) were spiked into Rhône waters having varied SPM concentrations and the ENP/SPM heteroaggregation kinetics and sticking
efficiencies were determined. The TiO2 nanoparticles demonstrated a
significant affinity for the mineral SPM, with rapid heteroaggregation
and subsequent sedimentation of the resulting aggregates, however this
mechanism was heavily dependent on the nanoparticle/SPM number
ratio. To further elucidate the physico-chemical factors driving heteroaggregation, mechanistic studies were also conducted in synthetic waters
of comparable composition. Ultimately, these holistic data will aid in
predicting ENP fate scenarios in natural aqueous environments, as well
as the assessment of the corresponding ENP risk. This work was funded
by the French National Research Agency and the Swiss FOPH as
NANOHETER under the frame of SIINN.
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370 Fast, accurate, and multivariate nanoparticle fate and effects
modeling using moment methods
A. Dale, Carnegie Mellon Univ / Engineering and Public Policy; G. Lowry,
Carnegie Mellon Univ / Civil and Environmental Engineering; E.A.
Casman, Carnegie Mellon Univ / Engineering Public Policy
Nanoparticles (NPs) vary by chemical identity, diameter, shape, surface
charge, aggregation state, engineered or natural surface coating properties, and more. Population balance equations (PBEs), or “colloid models”
(e.g., the Smoluchowski coagulation equation), are used to track the
temporal and spatial evolution of the distribution of one or more particle
properties across a population of particles (e.g., the particle size distribution) during NP transport and transformation. Although PBEs are
increasingly cited as the “path forward” in modeling NP fate in aquatic
systems, they have largely been used to date to track only the size
distribution of NP homo- and heteroaggregates comprised of inert and
monodisperse NPs. The utility of PBEs in NP fate modeling is limited
at present by the computational inefficiency of the modeling approaches
applied, the need for frameworks that can handle multiple particle
properties simultaneously, and--when applied to large, complex natural
systems--the inability to parameterize, calibrate, or validate model predictions using field data. The last of these concerns is being addressed by
others through the development of improved analytical techniques. We
show here that a modeling approach developed in the fields of chemical engineering and atmospheric chemistry, the Quadrature Method
of Moments (QMOM), has the ability to overcome the remaining two
concerns. The QMOM is a fast, accurate approach to population balance
modeling that can be applied to any arbitrary fate process and is extensible to multiple NP properties. This work demonstrates the relevance of
the QMOM to environmental fate modelers as well as experimentalists
using models to study NP behaviors or effects observed in laboratory
systems. We also present a first test case which (1) demonstrates the use
of population balance to describe the dissolution of reactive NPs under
surface-controlled and diffusion-controlled rate laws, (2) compares the
performance of the QMOM to that of the two prevailing approaches
(“size binning” or discrete population balance and conventional mass
balance) when applied to experimental data from dissolution rate
studies, and (3) compares the influence of environmental drivers (e.g.,
temperature, dissolved oxygen, pH) to that of NP size to provide the
first quantitative assessment of the value of size-resolved approaches to
modeling NP transformations in complex media.
371 Fate, transport and effects of nanomaterials of relevance to
agriculture
J. Unrine, Univ of Kentucky; O.V. Tsyusko, Univ of Kentucky / Dept of
Plant Soil Sciences
Nanomaterials may enter agroecosystems, intentionally or unintentionally, and potentially have impacts through a variety of pathways. Among
the unintentional pathways, use of biosolids which may contain nanomaterials from wastewater has received increasing attention in recent years.
We conducted a series of studies recently on ZnO, Ag and TiO2 nanomaterials that highlighted differences in bioavailability and mechanisms
of toxicity to plants, bacteria and soil invertebrates for nanomaterials in
biosolids as compared to dissolved or bulk metals in biosolids. We have
also found that nanomaterials that have undergone transformations that
would occur in wastewater (sulfidation and phosphatation primarily)
have different mechanisms of toxicity and bioavailabilities than pristine
nanomaterials. Fortunately, modeled concentrations of nanomaterials in
biosolids are currently very low but they are projected to steadily increase.
Some of these models may fail to predict environmental hotspots due
to simplifying assumptions made about spatial and temporal variation
in loading and transport. In contrast, nanomaterials used as biocides,
nutritional supplements, pharmaceuticals and fertilizers are gaining increasing use and are applied to plants and soils at concentrations
intended to cause a biological effect. Some nano-agrochemicals that are
currently used are not advertised or labelled as containing nanomaterials. Use of nano-agrochemicals has received far less attention than the
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biosolids route of exposure but will be increasingly important. We will
highlight results on Cu-based and ZnO-based nanomaterials that are
being investigated and used as a biocide and fertilizer, respectively.
372 Improving exposure assessment with bench scale testing for
removal of nanomaterials during wastewater treatment
D. Tobias, USEPA / OPPT RAD; E. Wong, USEPA
The US Environmnental Protection Agency (USEPA) Office of
Pollution Prevention and Toxics (OPPT) performs environmental and
general population exposure assessments for submissions to the new
chemical program before the chemicals enter commerce. An important
fate parameter used in the exposure assessments for predicting surface
water concentrations is the wastewater treatment removal efficiency. For
novel chemicals like nanomaterials, exposure assessments incorporate a
conservative approach in the absence of quantitative data, including an
assumption of low removal efficiency. To improve the relevance of the
exposure assessments to the submitted nanomaterial, OPPT is proposing to adapt an existing guideline, OPPTS 835.1110 - Activated Sludge
Sorption Isotherm. The goal is to allow submitters of new chemicals to
produce screening level test data that estimates the removal of nanomaterials during the secondary clarification stage of wastewater treatment.
The proposed test guideline contains a relatively inexpensive bench-scale,
batch test for the behavior of the material in sorptive environments.
OPPT has begun working with the Organisation for Economic
Co-operation and Development (OECD) to develop a guideline suitable
for nanomaterials and has developed a proposed testing protocol. The
OECD work is currently in the early stages of round robin testing with
the USEPA Office of Research and Development (ORD) and university
labs. This guideline will not be sufficient to fully describe the details of
all the removal mechanisms for nanomaterials. However, the intent of
the adapted guideline is to provide quantitative information for screening
different nanomaterial new chemical submissions. This screening level
information will improve the ability of OPPT to identify pathways for
nanomaterials to the environment and to identify the nanomaterials that
could pose greater concerns for exposure to the aquatic environment. The
talk will describe the need for the proposed OECD guideline and its
implementation in screening level assessments. The views expressed in
this abstract are those of the authors and do not represent Agency policy
or endorsement.
373 Monitoring of cerium dioxide and titanium dioxide nanoparticles
by spICPMS and FEG-SEM imaging in Loire River water, France
K. Phalyvong, Inst de Physique du Globe de Paris; Y. Sivry, IPGP; H.
Pauwels, BRGM; A. Gélabert, M. Tharaud, IPGP; G. Wille, X. Bourrat,
BRGM; M.F. Benedetti, IPGP
The specific properties of engineered nanoparticles (ENPs) make them
desirable for the industry also raised great concerns regarding their potential (eco)toxicity. Due to their large incorporation in daily products, they
are expected to be released in the environment. Their detection in natural
surface waters remains challenging, and only modeled concentrations
(from the ppt to the ppb levels) are available (1). Actually, the presence
at high concentration of natural NPs, coming from the weathering of
minerals makes NPs difficult to be distinguished above the geochemical
background. The present study is focused in the determination of particle
number concentration and size distribution, of cerium and titanium dioxides (nano)particles, in natural surface water samples from the Loire River
(France). The single-particle ICPMS (spICPMS) and Field Emission
Gun-Scanning Emission Microscopy (FEG-SEM) techniques were used.
CeO2NPs were detected starting from 24 nm to 70 nm and TiO2NPs
from 160 nm to 500 nm. The spICPMS results display an important
ENPs input near the outlet of a water treatment plant (WTP) and in the
Charlemagne Island area, an outdoor activities center. More than 34 104
and 80 104 part mL-1 bearing Ce and Ti, resp., were found at the WTP
outlet whereas only 6.5 104 and 13 104 part mL-1 of Ce and Ti, resp.,
were detected upstream of the Orléans city. In addition, the concentrations of NPs downstream of the city were found similar to upstream (5.6
104 part mL-1 bearing Ce and 1.4 104 part mL-1 bearing Ti) showing
a rapid decrease of NPs number after the WTP due to settling process.
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In the Charlemagne Island area, 40 104 and 70 104 part mL-1 detected
containing Ce and Ti, resp. Ce/La and Ti/Al elemental ratios were then
used to discuss the anthropic vs natural sources of NPs, assuming both a
close relationship between Ce and La in geogenic sources, and between
Ti and Al in engineered TiO2NPs, usually coated with alumina. The
Charlemagne Island area displays the highest Ce/La ratio (2.85±0.08),
which could be related to the presence of extensive parking lot in the
outdoor activities center. The Ti/Al ratio decreases from upstream the
Orléans city (0.047±0.002) to the WTP outlet (0.038±0.001) and then
increases again downstream (0.040±0.001), whereas it ranges between
10 and 30 in ENPs: thus, a potential input of TiO2NPs from the WTP
outlet looks to be hidden by a larger Al release.
374 Nanoparticle characterization in surface waters by multi-element
single particle ICP-MS
A. Barber, Colorado School of Mines / Chemistry and Geochemistry; M.D.
Montano, Colorado School of Mines / Chemistry; J.F. Ranville, Colorado
School of Mines / Chemistry and Geochemistry
As the nanotechnology industry continues to expand with production of
a multitude of useful nano-enabled consumer and industrial products,
release of engineered nanoparticles (ENPs) into the environment is
inevitable. Predicting the risks posed to human health and the environment due to the presence of ENPs in aquatic systems is difficult due to
challenges in quantifying ENP exposure parameters such as release rates,
transport, stability, and fate. The development of new nano-metrology
to quantify (mass, particle number concentration) and characterize (size,
composition, aggregation state) ENPs is essential to assessing their
impacts and risks to human health and the environment upon their
release. Single particle ICP-MS (spICP-MS) can determine size, concentration, and composition of ENPs in aquatic systems at environmentally
relevant concentrations. A new capability of spICP-MS to detect multiple
elements on a particle-by-particle basis offers the possibility of distinguishing ENPs from interfering natural NPs (NNPs) in the environment
by measuring elemental composition differences that exist between ENP
and interfering NNPs. Spiking nano-Ce into surface water samples
showed an increase in NPs containing only Ce in the presence of background NPs containing Ce and La. The approach was further investigated
for nano-Si and -Ti, of known size and composition. The multi-element
spICP-MS approach has the potential to be incorporated into existing
water quality sampling networks for routine water quality monitoring.
375 R-packages and graphical user interface tools for probabilistic
exposure, effect, and risk assessments
F. Gottschalk, A. Sanchini, ETSS; A. Zabeo; E. Semenzin, Ca’ Foscari Univ
of Venice / Dept of Environmental Sciences, Informatics and Statistics; D.
Hristozov, Ca’ Foscari Univ of Venice
R-packages and graphical user interface tools for probabilistic exposure, effect, and risk assessments are presented. These tools have been
developed in the SUN project on “Sustainable Nanotechnologies” of
the EU 7th Framework funding. Such software is based on stochastic and probabilistic material flow analysis (PMFA) and probabilistic
species sensitivity distribution (PSSD) models and risk predictions,

which have been applied in different engineered nanomaterial (ENM)
studies. In addition to R-packages, such software can be extended to
Internet-browser based graphical user interface tools, which in certain circumstances, might be run under real-time (online) conditions.
Potential users include consultants, researchers, and industry partners
with and without any programming experience. The software tools are
designed in such a way that they could, for example, build the basis for
launching a continuously administered environmental risk database for
emerging contaminants with scarce and uncertain data. Exemplary case
studies are illustrated for some ENM based research.
376 Using network analysis to identify research tendencies and knowledge gaps in experiments with natural organic matter and engineered
nanoparticles
N. Sani-Kast, M. Scheringer, ETH Zurich; K. Hungerbuehler, ETH Zurich
/ Inst for Chemical and Bioengineering
Understanding the influence of natural organic matter (NOM) on the
stability of engineered nanoparticles (ENPs) is essential for understanding the behavior of ENPs in the natural environment. Numerous studies
have examined the influence of various types of NOM on the stability
of different ENPs. But lack of coordination between the researchers is
evident as some experiments repeat already well-studied settings while
others investigate unique combinations of NOM and ENPs, not studied
before or after. In order to identify knowledge gaps and possible research
bias we constructed a bipartite network, obtained from 200 peerreviewed papers reporting experiments that study the influence of NOM
on ENPs in aquatic media. In this network, each node represents either
an NOM or ENP of a given type, and the link connecting any two given
nodes means that the two were used in the same experiment. Mapping
these experimental constituents into a network structure enabled us to
investigate global phenomena such research trends, randomness, biases
and even coordination and compatibility between the various experiments. The obtained network differs substantially from random networks
of the same size. In particular, the network is disassortative, where highdegree nodes are linked to low-degree ones, resulting in segregation of
the data - a given NOM or ENP is reported to be tested with a set of
ENPs or NOM types that is almost unique to it. In terms of centrality,
the most central nodes are by far the Suwannee River Humic Acid for
the NOM node type and TiO2 and Al2O3 for the ENP node type. This
indicates not only that these constituents are investigated in combination with the largest number of corresponding constituents, but also that
they are the main contributors to the network’s connectedness. Temporal
changes in the network’s topology show a rapid increase in the network’s size at the beginning of the last decade that is not accompanied
by a respective increase in the average node degree. Such a discrepancy
indicates that existing knowledge does not always serve as the basis for
new research. We postulate that continuation of such a trend will result
in a network that is even more sparse, where each type of constituent
(ENP or NOM) is investigated with a combination of counterparts that
is completely unique to it. The trend observed, therefore, might reflect
our decreasing ability to obtain global insights by comparing results from
different experiments.
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Munitions Compounds in the Environment:
Release, Transport, Transformation,
Exposure, Effects, and Remediation
377 Overview of environmental risks posed by underwater military
munitions
G.R. Lotufo, US Army / ERDC Environmental Laboratory; M. Chappell,
US Army ERDC; R. George, Princeton Hydro, LLC; H. Theel; C. Price,
USACE / ERDC EL; T.S. Bridges, US Army Corps of Engineers / ERDC
WES
We investigated the degree to which underwater military munitions
(UWM) pose a risk to the aquatic environment. UMM may contain
munitions constituents (MC) such as 2,4,6-trinitrotoluene (TNT)
and hexahydro-1,3,5-trinitro-1,3,5-triazine (RDX), which are among
the most widely used high explosives. Underwater munitions sites
encompass a wide variety of environments, including near-shore and
off-shore ocean, swamps, rivers, and lakes. If UWM becomes corroded
or breaches, the fill material may leak or dissolve into the surrounding
environment, potentially adversely affecting the exposed biota. In large
part because of the high cost and complexity associated with sampling
MC at UMM sites, detailed and reliable information about MC in
water, sediment and biota is available for only few sites and temporal and
spatial uncertainties persist. Compilation and examination of available
data indicate that MC concentrations in water and sediment were largely
below detection, with a few samples indicating contamination as highly
localized and typically near the UMM. To complement available site
data, fate and transport models are being integrated into a comprehensive
approach to predict MC concentration in sediment and the water column. Available toxicity data derived for variety of freshwater and marine
species was compiled and used to derive species sensitivity distributions.
Risk to biota appears to be low at UMM sites when measured or modeled site concentrations are compared to toxicity data.
378 Techniques and Results of a Deep-Water Munitions Assessment
M. Edwards, Univ of Hawaii at Manoa; C. Briggs, Environet, Inc. /
Environmental; S. Shjegstad, M. Bissonnette, Environet, Inc.
In 2012 the University of Hawaii (UH), Woods Hole Oceanographic
Institution (WHOI) and Environet, Incorporated, assessed munitions
at a deep-water (400-650 meter) disposal site south of Oahu, Hawaii
as part of the Army-sponsored Hawaii Undersea Military Munitions
Assessment (HUMMA). Platforms included two human occupied
vehicles (HOVs), a towed, high-resolution, downward-looking camera,
and two autonomous time-lapse systems. These platforms carried various
sensors, including a deep-ocean mass spectrometer. They were equipped
to collect samples (sediment, water and biota) at munitions and control
sites. Samples were collected within two meters of both conventional
and chemical munitions. During the ten-day field program, HOVs
conducted daytime operations; the towed camera was deployed at night
to gather photographic and oceanographic data. Analyses of sediment
samples collected near chemical munitions detected mustard agent and
its degradation products, results confirmed by the mass spectrometer.
Shrimp near and sea stars living on munitions exhibited no trace of
contamination from mustard agent or its degradation products, although
energetics (2,4,6-TNT, 4-Am-2,6-DNT, 1,3,5-TNB and nitrobenzene)
were detected in shrimp at levels lower than 0.2 mg/kg. Unusual growths
observed on some sea stars living on or near chemical munitions were
determined to contain parasitic crustaceans and were not the result of
contact with mustard agent. Images show that munitions frequently
provide habitat for a variety of sea life. In October 2014, HUMMA
deployed WHOI’s JASON 2, a remotely operated vehicle (ROV), for one
week in the same area to conduct a technological comparison of how
well HOVs and ROVs assess deep-water sea-disposed munitions sites.
Most of the same sensors were mounted on the ROV, which was also
equipped to collect samples. JASON collected more samples, at smaller
stand-off distances, than the HOVs. The ROV also proved, by locating
~400 previously unmapped munitions during survey transects, to be an
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excellent reconnaissance tool. Although the results of the 2014 investigation are still being evaluated, shipboard analyses by Army specialists
identified mustard agent or its degradation products occurring at low
levels in approximately three-quarters of the sediment samples recovered.
As in 2012, first indications are that the animals collected on or adjacent
to chemical munitions are healthy and using munitions as habitats.
379 A User-Friendly Graphic Model for the Release Rate of
Munitions from A Breached Shell in Marine Environment
P. Wang, SSC Pacific; Q. Liao, Univ of Wisconsin Milwaukee / CEM; R.D.
George, B. Wild, US Navy, Spawar Systems Center / Environmental Sciences
A user-friendly graphic model has been developed that predicts the
release rate of munition constituent (MC) in water and in sediment. The
ability to characterize, assess, and predict potential MC source loading
and distribution has significant implications for Dept of Defense (DoD)
and Dept of Navy (DoN) range sustainability initiatives. DoD will gain
critical information for making scientifically defensible risk management
decisions about underwater ordnance leave-in-place (LIP) mitigation and
blow-in-place (BIP) vs. removal options. In addition to explosive blast
(safety) considerations, future regulatory emphasis will likely require an
assessment of potential underwater ordnance contamination and mitigation efforts that could include water and sediment quality issues. As a
baseline scenario, the release rate of MC from a breached shell in marine
environment has been previously studied. A semi-empirical formulae
was developed for the release rate that depends on five key parameters:
1) the radius of the hole, b; 2) the radius of the cavity formed due to loss
of mass released from inside the shell, R; 3) the dissolution rate (m) from
solid to aqueous phases of the MC inside the shell casing; 4) the ambient
current, U, to which the casing hole is exposed; and 5) the hydrodynamic dispersion coefficient, D. This release rate function is dictated by
two Reynolds Numbers: the current-based Reynolds Number (Ub/D),
and the dissolution-based Reynolds Number (mR/D). Release rate is
governed by current (U) and dissolution rate (m) for the scenarios (mR
/D >>n Ub/D) and (mR /D << Ub/D), respectively. Empirical studies
were conducted for release scenarios both in the water column and in
sediment. For a current-controlled scenario, release rates are proportional
to the ambient current speed, and therefore, release rates in the water
column are much greater than in sediment. However, total time for a
complete MC release from a test shell (L = 24”, r = 8”, 8-kg MC weight)
also depends on the breach hole size (e.g., crack area), and the dissolution
rate, which can result in the total release time varying from a few days
to several hundred years. Effects of several breach shapes on the release
rates were empirically integrated into the graphic model.
380 Corrosion Evaluation of Underwater Military Munitions
Recovered after 65+ Years
R.D. George, US Navy, Spawar Systems Center 2361 / Environmental
Sciences; B. Wild, US Navy, Spawar Systems Center / Environmental
Sciences; S. Li, L. Hihara, Univ of Hawaii at Manoa / Hawaii Corrosion
Laboratory Dept of Mechanical Engineering
While there is general knowledge of corrosion processes in seawater
for metals that comprise underwater military munitions (UWMM)
components, there is little understanding of specific corrosion behaviors for munitions, which impacts processes such as time to breach for
initial munition constituents (MC) release, and time to depletion of
MC inside the munition under continued corrosion. Initial efforts have
focused on characterizing corrosion behaviors associated with WWI/II
era discarded military munitions recovered from the seafloor after 65+
years. Laboratory-based studies were undertaken to evaluate corrosion
products and calcareous deposits, along with compositional metallographic analysis and morphological analysis of DMM casing materials
that include hardened steel casings and copper rotating bands at dissimilar metal junctions. Normal and galvanic corrosion on DMM have
also been evaluated under natural and simulated ocean conditions. The
efforts described in this paper are being used to develop an understanding of corrosion mechanism(s) that can be used to enhance prediction of
failure modes that would allow penetration of seawater into the interior
of UWMM, and subsequent release of MC from explosive fill materials.
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381 Tracing the cycling and fate of the explosive 2,4,6-trinitrotoluene
in coastal marine systems with a stable isotopic tracer, 15N - [TNT]
R. Smith, C. Tobias, Univ of Connecticut / Dept of Marine Sciences; P.
Vlahos, Univ of Connecticut / Depts of Marine Sciences and Chemistry;
M. Ballentine, T.S. Ariyarathna, Univ of Connecticut / Dept of Marine
Sciences; J.K. Böhlke, USGS / National Research Program; S. Fallis, Naval
Air Warefare Center Weapons Division / Chemistry Division
Large quantities of surplus and damaged munitions were dumped into
the ocean by the Dept of Defense (DoD) following WWI and WWII.
2,4,6-Trinitrotoluene (TNT) has seen use as a military explosive since
1902, and today is produced in the U.S. on the order of 1 million kg
annually. Here, we examine the cycling and fate of TNT in the ocean
by spiking an ~ 120 L marine mesocosm with isotopically labeled TNT
(15N-[TNT]), simultaneously monitoring removal, transformation,
mineralization, sorption, and biological uptake over a period of 16
days. Mesocosms contained seawater and sediments from Long Island
Sound, and representative species of macroalgae, fish, shellfish, and
bivalves. TNT degradation was rapid, and we observed the buildup of
reduced transformation products dissolved in the water column and
in pore waters, sorbed to sediments and suspended particulate matter
(SPM), and in the tissues of the marine organisms. Bulk d15N analysis
of sediments, SPM and tissues revealed large quantities of 15N beyond
that accounted for in identifiable derivatives. TNT-derived N was
found in the dissolved inorganic N (DIN) pool, with isotopic enrichments as high as 518 ‰ in ammonium (d15NH4+), 66 ‰ in nitrate
+ nitrite (d15NOx), and 79 ‰ in dinitrogen gas (d15N2)(with the
highest d15NH4+ and d15N2 values in porewaters). Using multivariate statistical analysis and a 15N mass balance approach, we identify the
major transformation pathway as the deamination of TNT, promoted
by sorption to SPM and oxic surface sediments. These results provide
a mechanistic explanation behind the recent finding of increased TNT
removal at marine turbidity fronts, and the more well documented
increased removal observed in the presence of marine sediments.
382 Biotic uptake and incorporation of munitions derived nitrogen
measured in three simulated coastal habitats
M. Ballentine, T.S. Ariyarathna, R. Smith, Univ of Connecticut / Dept of
Marine Sciences; P. Vlahos, Univ of Connecticut / Depts of Marine Sciences
and Chemistry; J.K. Böhlke, USGS / National Research Program; S. Fallis,
Naval Air Warefare Center Weapons Division / Chemistry Division; C.
Tobias, Univ of Connecticut / Dept of Marine Sciences
2,4,6-trinitrotoluene (TNT) and hexhydro-1,3,5-trinitro-1,3,5-triazine
(RDX) are two of the most commonly used munitions at coastal military
installations, and they are nitrogen (N) rich. TNT, RDX, and their
derivatives have known toxicity with a variety of species and are known
to persist in freshwater environments and soils. TNT and RDX’s fate
and transport within marine systems and biota is less understood. 2 week
long time series experiments using 15N labeled TNT and RDX were
completed in 3 different separate 700L flow through mesocosms consisting of sand, silt with eel grass, and an intertidal marsh. Each mesocosms
contained 6 to 10 different estuarine species for which bioconcentration
factors (BCF) were calculated. BCF values for all species were low, indicating little potential for bioaccumulation. However, 15N uptake from
TNT and RDX into the biota was on average 1 to 2 orders of magnitude
greater than what could be attributed to parent or derivative compounds
present in tissues indicating incorporation of munitions derived N into
biomass. A 2 box model previously used for tracking contaminants in
biota was modified to also track 15N through each species. As confirmation that munitions derived N was involved in biomass synthesis,
compound specific 15N analysis of total hydrolysable amino acids
indicated that munitions derived 15N had been anabolized into proteins.
There was little evidence of TNT and RDX bioconcentration but instead
these compounds appear to serve as a N source to the general estuarine
N cycle and subsequent incorporation into coastal marine biota.

383 Enhanced photo induced toxicity of Insensitive Munitions
Mixtures
A.J. Kennedy, CEERD EPR / Environmental Laboratory; A.R. Poda, N.
Melby, US Army Engineer Research and Development Center; K.A. Gust,
ERDC-EL-EP-P / Environmental Laboratory
The improved safety from accidental detonation of insensitive munitions
(IMs) relative to traditional explosives has gained favor. IMX-101 has
moved to large scale production as a mixture of three constituents; nitrotriazolone (NTO), nitroguanidine (NQ ) and dinitroanisole (DNAN).
Our recent research using Ceriodaphnia dubia has provided a line of
evidence that the baseline toxicity of DNAN (48-h LC50 = 43 mg/L) is
greater than NTO (LC50 = 806 mg/L) and NQ (LC50 = 1174 mg/L).
IMX-101 toxicity to C. dubia (LC50 = 206 mg/L) was intermediate
between the constituents. An additional 96-h LC50 for larval zebrafish
(Danio rerio) of 75.3 mg/L was also calculated for IMX-101. Generally,
IMX-101 and its constituents are considered only moderately toxic to
practically nontoxic. However, an improved understanding of phototransformation, mechanisms and photolysis in surface water is needed to
determine the ultimate fate and effects of IMX-101. Transformation of
the parent molecules can occur as a consequence of direct absorption of
light energy, influenced by wavelength and intensity. The present study
confirms dramatically enhanced (10-1000 times) photo-induced toxicity
to C. dubia for NTO (LC50 = 13 mg/L) and NQ (LC50 = 13 mg/L)
and DNAN (19 mg/L). Interestingly, these results indicate that while
the baseline toxicity of DNAN is significantly greater than NTO and
NQ , the photo-toxicity of NTO (60-fold increase) and NQ (90-fold
increase) is greater than DNAN (2-fold increase) in C. dubia exposures.
Preliminary data generated for the IMX mixture (LC50 = 2 mg/L)
may suggest there is synergistic photo-induced toxicity that broadens
the environmental implications of IM discharges to surface waters with
light penetration. An additional phototransformation study with larval
D. rerio and IMX-101 indicates only a marginal increase in toxicity,
suggesting species-specific differences in sensitivity. Additional research
is needed to confirm (and better characterize) photo-activated IMX-101
mixture toxicity, and to determine the environmental realism of worse
case laboratory simulations of IM photoinduced toxicity where environmentally relevant factors (light intensity, penetration depth, turbidity,
organisms residency time in the photo-penetration zone) are integrated.
384 Kinetic Uptake and Elimination of Insensitive Munitions in the
Earthworm, Eisenia fetida
J.G. Coleman, US Research and Development Center / Environmental
Laboratory; G.R. Lotufo, US Army ERDC / Environmental Laboratory;
S. Newell, US Army Engineer Research and Development Center; A.
Harmon; A. Russell, US Army Engineer Research and Development Center;
A.J. Bednar, US Army Engineer Research and Development Center /
Environmental Laboratory
The Army is seeking to replace traditional munitions with less shock
sensitive compounds called insensitive munitions (IMs). While IMs
are being fielded for use, there is little information available on their
environmental impact as mixture formulations. Presently, IMX-101,
a mixture of 2,4-dinitroanisole (DNAN), 3-nitro-1,2,4-triazol-5-one
(NTO), and nitroguanidine (NQ ), is qualified as a replacement for TNT
in artillery rounds. These munitions may contaminate terrestrial environments during training exercises and potentially adversely impact soil
invertebrates. Therefore, research into the bioavailability and toxicity of
these emerging compounds to terrestrial receptors is needed. The present
research assessed dermal uptake and elimination kinetics of IMX-101
in the earthworm, Eisenia fetida. Exposures IMX dissolved in aqueous solutions were conducted in 250 mL glass test chambers filled with
granular sand. Earthworms were exposed to treated media (50 mg/L)
to assess IMX-101 uptake potential from 6-72 hours (n=3, 5 worms per
repilicate). Uptake-elimination bioassays exposed earthworms to treated
media (50 mg/L) for 48 hours, followed by trasnfer to clean media for
elimination from 3-72 hours. Parent and degradation compounds were
quatified in all samples through an Engineer Research and Development
Center (ERDC) developed high performance liquid chromotography (HPLC) method for IMs. Earthworms accumulated IMX-101
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components, reaching body residues of 24 ± 0.54 mg/kg 1.64 ± 0.11 mg/
kg, and 0.46 ± 0.04 mg/kg for DNAN, NQ and NTO, respectively.
Both DNAN and NTO peaked in concentration within the first 24 hrs
of exposure, while NQ showed a steady increase in concentration over a
72 hour period. Elimination of DNAN was biphasic, resulting in a rapid
drop in concentration by the 3 hour timepoint, followed by a slower rate
of elimination as the timepoints increased. The present research provides
previously unavailable information associated with the bioavailability and
biotransformation of IMs. These data can provide Army range managers
with background knowledge and information related to the environmental fate and bioavailability of emerging compounds, enabling informed
decisions about potential impacts.

Sturgeon Ecotoxicology: Contaminant Risks
to Endangered Populations
385 Sublethal effects on behavior of white sturgeon (Acipenser transmontanus) exposed to copper
H.J. Puglis, R.D. Calfee, USGS / Columbia Environmental Research
Center; E.E. Little, USGS / Biological Resources Division / Columbia
Environmental Research Center; E.L. Scott, E.L. Brothers, USGS /
Columbia Environmental Research Center
White sturgeon (Acipenser transmontanus) in the trans-boundary reach
of the Upper Columbia River (UCR) have experienced poor recruitment
for decades. Although sturgeon spawn and eggs and early life stages of
white sturgeon are observed in the river, limited numbers of young-ofthe-year have been found in habitats considered to be suitable for this life
stage. Previous studies have indicated that copper, commonly associated with slag contamination, was lethal to young white sturgeon at low
concentrations. In addition, adverse behavioral responses were evident
with early onset during the first few days of acute and chronic exposures and became progressively more severe over exposure duration and
concentration of copper. Further studies were conducted with copper in
order to accurately identify and interpret the behavioral changes seen in
previous studies. Larval sturgeon (1-2 days post hatched) were exposed
to sublethal concentrations of copper for 14 days. Abnormal behavioral
changes were observed within the first several days of exposure including
loss of equilibrium and immobilization. Digital video tracking software was used to analyze the swimming behavior and analyses showed
swimming velocity, distance moved, and time swimming decreased with
increasing copper concentration. We conducted a four day exposure with
slightly older sturgeon (24 dph) and observed similar abnormal behavioral changes. The onset of these changes was very rapid, within the first
24 hours of exposure. Our results indicate that copper may play a role
in the recruitment failure observed in the UCR as larval white sturgeon
swimming behavior was impaired to the extent that survival in the field
would be jeopardized as fish would be swept downstream or readily
captured by predators.
386 Linking magnitude of compensatory responses to life-stage specific sensitivity of white sturgeon (Acipenser transmontanus) exposed
to metals
S. Tang, School of Environment and Sustainability; J.A. Doering, Univ of
Saskatchewan / Toxicology Centre; J. Sun, S. Beitel, Univ of Saskatchewan Toxicology Centre; S. Patterson, Univ of Saskatchewan / Toxicology Centre;
J.P. Giesy, Univ of Saskatchewan; S. Wiseman, Univ of Saskatchewan
/ Toxicology Centre; M. Hecker, Univ of Saskatchewan / School of the
Environment and Sustainability and Toxicology Centre
White sturgeon (WS) have been shown to have unique life-stage specific
differences in sensitivity to heavy metals; however, the mechanistic basis
for these differences is not known to date. Therefore, the aim of this
study was to elucidate the molecular mechanism that may drive sensitivity of three different life stages of WS to metals. Specifically, WS were
exposed to copper (Cu) or cadmium (Cd) at 15 dph (swim-up), 48 dph
(early juvenille), and 139 dph (late juvenille) for 96 h. Acute lethality,
body burdens, gene expression of metallothionein (MT) and anti-oxidant
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enzymes, and lipid peroxidation were quantified and compared among
these life-stages. WS were most sensitive to Cu at 15 dph (LC50 9.18
µg/L). At this life-stage, bioaccumulation of Cu was greatest compared
to all other life-stages tested. This was also reflected by a significant
increase in lipid peroxidation in 15 dph fish that was 1.45-fold greater
in sturgeon exposed to 10 µg/L of Cu than controls at this life-stage.
However, expression of all target genes was significantly lesser at this
stage compared to stages of development that were less sensitive to effects
of Cu. In contrast, acute lethality of sturgeon exposed to Cd was greatest
at 48 dph (LC50 11.1 µg/L). Lipid peroxidation was 3.51-fold greater in
individuals exposed to 5 µg/L of Cd, and the magnitude of antioxidative
and apoptotic responses at this concentration were also greatest. At 139
dph sturgeon were most tolerant to either metal. Also, MT induction
was significantly induced at this life stage and lipid peroxidation was not
different from controls. Results suggest that bioaccumulation of metals,
the ability to mount compensatory responses important for binding of
metals (MT) and combating oxidative stress might be involved in driving
differential life-stage sensitivity of WS to metals.
387 LA-ICP-MS to examine temporal metal signatures in pectoral fin
rays of white sturgeon (Acipenser transmontanus) from San Francisco
Bay
V. Palace, Stantec Consultants Ltd.; L. Friedrich, Stantec Consulting Ltd.;
N. Halden, Univ of Manitoba; A. Robinson, San Francisco Estuary Inst; Z.
Jackson, US Fish and Wildlife Service; S.A. Hughes, Shell Health - Americas
/ Shell Health Risk Science Team
Resident white sturgeon from San Francisco Bay are thought to be at risk
to accumulate elevated concentrations of selenium because their diet consists primarily of Se-rich overbite clams (Potamocorbula amurensis). Other
increased risk factors for Se-risk among sturgeon include their longevity (they can live over 100 years), their year-round resident status in the
bay, and long egg maturation times (several years). Chemical analyses of
tissues like muscle or liver are typically used to determine exposure to Se,
but ongoing excretion, metabolism and tissue redistribution do not allow
temporal resolution of exposure. Time resolved exposure can be determined using micro-chemical analysis of otoliths but this requires lethal
sampling. Pectoral fin rays contain annual growth rings, can be sampled
non-lethally and require no special preservation for micro-chemical
analysis. There is also growing evidence that their bony matrix may also
incorporate trace elements (including Se). As part of a collaborative study
27 adult white sturgeon were collected from San Francisco Bay over a 2
day period (Jan31–Feb1, 2015). Pectoral fin rays sampled from these fish
were dried, sectioned and polished. Selenium, as well as other selected
elements (Zn, Sr, Hg, Pb and Ca (internal standard) were analyzed using
continuous LA-ICP-MS. Polished fin rays provided clear annual growth
delineations that were coincident with annual oscillations in concentrations of Zn and, to a lesser extent Sr and Pb. There were no consistent
patterns of changing concentrations of Se or Hg over time, but the data
for some fish suggest episodic exposures to Se. Preliminary analysis
of the relationships between Se in fin rays and concentrations in other
tissues (liver, muscle and ovary) will also be presented. Fin rays may represent a relatively simple non-lethal tissue sample to establish temporal
exposure to several elements in white sturgeon from San Francisco Bay.
388 Physiological Changes in Juvenile White Sturgeon (Acipenser
transmontanus) Exposed to Dietary Selenomethionine
J. Zee, Univ of Saskatchewan / School of Environment and Sustainability;
S. Patterson, D. Gagnon, S. Wiseman, Univ of Saskatchewan / Toxicology
Centre; M. Hecker, Univ of Saskatchewan / School of the Environment and
Sustainability and Toxicology Centre
Selenium (Se) released to the aquatic environment can have devastating effects on local wildlife. Of the various forms Se can take, dietary
selenomethionine (SeMeth) is the most bioavailable and thus the most
toxic. White sturgeon (Acipenser transmontanus), a species endemic to
Western North America, are believed to be particularly susceptible to Se
toxicity due to their life history and prey preferences, which often contain
high levels of SeMeth. Protecting populations of white sturgeon is of
interest because they are culturally and economically important and most
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populations are classified as endangered. Therefore, the aim of this study
was to investigate the physiological effects of dietary SeMeth in juvenile
white sturgeon. Four year old white sturgeon were exposed for 72 days
to 1, 5, 25 or 100 ug SeMeth per g food (dm). These doses corresponded
to an uptake necessary for proper health, two environmentally relevant
exposures, and a predicted high exposure level. Se accumulated in muscle
and liver in a dose dependent manner and multiple signs of decreased
health and lethality were observed. Occurrence of edema causing popeye
developed in 0%, 23%, 41% and 75% of the control, low, medium and
high dose groups respectively. Lethal effects rates of 54% and 22%
occurred in high and medium doses respectively, with no morbidity
observed in the low or control dose groups. At day 72 fish given the high
dose diet were approximately 90 g lighter and 5 cm shorter than fish in
other dose groups. This represents a significant reduction in growth rate.
Hepatosomatic index was significantly less in fish given the high dose
diet. Histopathological analysis of livers revealed a significant decrease in
lipid reserves in fish given the high dose diet compared to fish from other
dose groups. Histopathological analysis of the livers also revealed a dose
dependent increase in melanomacrophage aggregates in fish given the
high dose diet. This is indicative of a toxic assault. While oxidative stress
was hypothesized to be a main driver of Se toxicity in these fish, neither
lipid peroxidation nor gene expression of important antioxidants were
significantly different among dose groups. This indicates that oxidative
stress was not a main driver of toxicity and further study is needed to
elucidate the specific cause(s) of the observed effects.
389 Can identities of key amino acids in the ligand binding domain
of AhR be used to predict the sensitivity of endangered sturgeons to
dioxins?
J.A. Doering, S. Wiseman, Univ of Saskatchewan / Toxicology Centre;
R. Farmahin, Environment Canada; S. Beitel, Univ of Saskatchewan Toxicology Centre; S. Kennedy, Environment Canada; J. Giesy, Univ of
Saskatchewan / Dept of Veterinary and Biomedical Sciences and Toxicology
Centre; M. Hecker, Univ of Saskatchewan / School of the Environment and
Sustainability and Toxicology Centre
Dioxin-like compounds (DLCs) are pollutants of global environmental
concern. DLCs elicit their adverse toxicity through activation of the aryl
hydrocarbon receptor (AhR). However, there is limited understanding
of the mechanisms that are responsible for differences in sensitivity to
DLCs among fishes. Understanding these mechanisms is critical for
the protection of the diversity of fishes exposed to DLCs, including
endangered species such as sturgeons. Little is currently known regarding sensitivity of sturgeons to DLCs, despite the endangered status
of sturgeons and great risk of exposure due to their long lifespan and
benthic nature. Therefore, this study investigated sensitivity to activation of AhRs (AhR1s and AhR2s) among two sturgeons, white sturgeon
(Acipenser transmontanus) and lake sturgeon (Acipenser fulvescens) and
compared them to sensitivity to activation of AhRs among 8 teleost
fishes that are known to be sensitive, moderately sensitive, or insensitive to DLCs in vivo. The objectives of this study were to 1) determine
whether there are differences in sensitivity to activation of AhRs among
fishes of differing sensitivity in vivo and to 2) determine whether these
differences can be predicted based on identities of key amino acids in
the ligand binding domain (LBD) of AhR. There were no differences
in sensitivity to activation of AhR1s by DLCs between white sturgeon
and lake sturgeon, which only differed in a single amino acid that is not
involved in binding of DLCs. In contrast, AhR2 of white sturgeon was
10-fold more sensitive to activation by DLCs than that of lake sturgeon.
Homology modeling suggests that this difference could be attributed
to differences in key amino acids at position 388 of the LBD of AhR2
of white sturgeon (Ala-388) and lake sturgeon (Thr-388). Among the 8
species of teleost fishes, a total of 8 AhR1s and 14 AhR2s were identified. Within the LBD of the AhR1s and AhR2s there were 9 positions
and 7 positions, respectively, with amino acid substitutions that might
alter affinity of the AhR for DLCs. Ongoing investigations aim to
identify sensitivity to activation of AhRs (AhR1s and AhR2s) of the
8 species of teleost fishes and link sensitivity to activation of the AhR
in vitro to sensitivity to DLCs in vivo. Identities of key amino acids in

AhRs might then be used to predict the relative sensitivity of endangered sturgeons by use of a mechanism-based biological model that only
requires use of non-lethal samples.
390 Understanding how PCB toxins cause heart defects early in fish
development
C. Singleman, CUNY Graduate Center / Biology; N. Holtzman, CUNY
Graduate Center and Queens College / Biology; S. Bajaj, Federation of
Indian Chambers of Commerce & Industry / Quality Forum
Polychlorinated biphenyls (PCB) were used in industry for decades in
the early 19th century due to their high stability under stresses. Since
then, PCBs have been identified as significant environmental hazards in
the contaminated waterways and soils where they were discarded. Their
danger stems from high chemical stability and significant biologically
activity. PCBs are known to cause disruptions of cellular function, which
can substantially impact overall organ form and function, resulting in
defects in early development. They are also known to cause heart defects,
cancer and reduce survival in vertebrates from fish to birds and mammals
as they biomagnify within the food web. Survival of most animals is
reliant on proper heart development which can be significantly impaired
by PCB exposure. Even small PCB induced changes in embryonic heart
development can lead to significant cardiac defects later life thereby
reducing the fish’s lifespan. Endangered Atlantic sturgeon, Acipenser
oxyrinchus oxyrinchus, spawn in Aroclor and TCDD contaminated rivers
along the Atlantic coast, including in the Hudson River in NY. Utilizing
HR contaminants at varying concentrations, I examined the effects of
early toxin exposure on sturgeon heart development visualized using
immunohistochemistry. Embryos exposed to PCB 126, TCDD and an
Aroclor mixture show cardiac defects in a dose dependent manner. PCB
126 caused heart looping defects, while TCDD and Aroclor treatments
resulted in hearts with chambers that did not balloon. Disruptions in
cardiac looping or ballooning likely result in circulatory problems; often
treated fish died soon after hatching, possibly the result of ineffectual
blood flow through the growing larva. These toxins have a clear impact
on development, survival of sturgeon larvae and may hinder the nascent
recovery of this endangered species. Studying early heart development
in environmentally relevant species is difficult, often because of the
inaccessibility of embryos or early development staging series, and lack
of molecular and genetic tools. Clarifying mechanistic effects of aquatic
toxins on fish development may be found by utilizing the model fish
species, Danio rerio, zebrafish. Evaluation of the cellular mechanism
of PCBs using zebrafish will generate a roadmap for assessing Atlantic
sturgeon. The combined results from zebrafish and sturgeon will enhance
understanding of PCB contamination on fish development.
391 Transcriptomic and Cell Process Pathways Altered by Laboratory
Exposure of Shovelnose Sturgeon to Oil from the Deepwater Horizon
Event
C. Lavelle, Univ of Florida / Physiological Sciences; A. Mehinto, Southern
California Coastal Water Research Project / Dept of Toxicology; J.A.
Jenkins, USGS / National Wetlands Research Center; H.M. Olivier, USGS
/ National Wetlands Research Center; D.A. Alvarez, USGS / Columbia
Environmental Research Center; N.D. Denslow, Univ of Florida /
Physiological Sciences; D.E. Tillitt, USGS / Columbia Environmental
Research Center
The Deepwater Horizon (DWH) event released oil into the Gulf of
Mexico for 87 days in the summer of 2010. The area affected by the oil
spill coincides with ecological habitats that are important to a diverse
array of micro and macro-fauna including the federally listed Gulf sturgeon, Acipenser oxyrinchus desotoi. In order to assess the possible toxicity
of oil, a controlled laboratory study was performed with the shovelnose
sturgeon, Scaphirhynchus platorynchus, as a surrogate for the listed Gulf
sturgeon. Juveniles were exposed to DWH weathered oil through a
high-energy water-accommodated fraction (HEWAF) at a nominal
concentration of 0.02-0.03% for 7 or 28 days. The HEWAF measured
in the exposure tanks ranged from 0.005 – 0.020%, thus representative of an ecologically relevant concentration. Liver and spleen weights
increased, as was hepatic ethoxyresorufin O-deethylase (EROD) activity
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in exposed sturgeon. Transcriptomic analysis was conducted using
custom 8 x 15k microarrays on liver tissue, red blood cells (RBC), and
white blood cells (WBC) at both time points. In the liver, 1224 and 62
probes were significantly different from controls (20% false discovery
rate, FDR) at 7 and 28 days, respectively. The WBC showed 1995 and
573 probes to be significantly different from controls (with a 20% FDR)
at 7 and 28 days, respectively. While liver and WBC showed decreases
in the number of differentially expressed probes with the longer exposure
duration, the RBC did not. In RBCs, 8 and 967 probes were identified as significantly different from controls (20% FDR) at 7 and 28 days
of exposure, respectively. Overall, sub-network enrichment analysis
identified significant changes in cell process pathways related to immune
system function, blood flow, neutrophil processes, T and B cell processes,
wound healing, and DNA replication. Gene set enrichment analysis
identified cell processes related to chromatin remodeling, DNA repair,
and histone modifications as differentially regulated in exposed fish compared to control fish. The results of this laboratory study suggest that gulf
sturgeon in the field were likely experiencing differential gene expression alterations after both short-term and longer term oil exposure. The
results of this laboratory exposure study using shovelnose sturgeon are
complimentary to the field-derived results from Gulf sturgeon sampled
in the Gulf of Mexico over the two years following the DWH event.
392 DNA Fragmentation and Repair in Gulf Sturgeon (Acipenser
oxyrinchus desotoi) Following the Deepwater Horizon Oil Spill
J.A. Jenkins, H.M. Olivier, R. Draugelis-Dale, USGS / National Wetlands
Research Center; C. Lavelle, Univ of Florida / Physiological Sciences; A.
Mehinto, Southern California Coastal Water Research Project / Dept of
Toxicology; N.D. Denslow, Univ of Florida / Physiological Sciences; D.E.
Tillitt, USGS / Columbia Environmental Research Center
Following the Deepwater Horizon oil spill incident (DWH) on April
20, 2010, Gulf sturgeon (Acipenser oxyrinchus desotoi) were potentially exposed and adversely affected by the spill. Polycyclic aromatic
hydrocarbons, a class of compounds present in oil, have mutagenic and
carcinogenic properties, and may exert health effects on individual fish
and fish populations of this federally listed species. Gulf sturgeon, an
anadromous species, were in freshwater rivers during the spill, and then
migrated into the Gulf of Mexico (GoM) in the fall of 2010 following
the DWH oil spill. We evaluated exposure and injuries to this species over two years, prior to and after movement into the GoM. Blood
biomarkers were measured from sturgeon captured from river drainages along coastal GoM during outmigration to ocean waters in fall of
2010 and 2011, and during movement into riverine habitats in spring of
2011 and 2012. Because DNA alterations are valid endpoints for genetic
toxicity, we measured DNA fragmentation, DNA repair protein, and cell
cycle, as well as hematological and gene expression profiles. In accord
with the known genetic population structure across the GoM, data were
assigned to three river groupings or regions representing West (closest to DWH), Middle, and East, with sample sizes ranging from 221
– 286 and 22 individuals recaptured over the study period. In the fall of
2010, there were no regional differences in DNA fragmentation. DNA
fragmentation in spring 2011 was significantly greater than in fall 2010.
Within 2011, DNA fragmentation was greater in western populations
as compared to eastern populations. In spring 2011 as compared with
fall 2010, sturgeon in the West and Middle Regions had increased levels
of DNA repair protein Ku, a subunit of a protein kinase that recognizes
DNA lesions. Microarray analysis of white bloods found the transcript
for the Ku protein to be up-regulated and gene set enrichment analysis
identified a significant up-regulation for multiple DNA repair pathways
in the West as compared with the East in spring 2012. Other changes
were noted in sub-network enrichment analysis were in immune, lymphocyte, and neutrophil pathways. These data indicate that the degree
of DNA fragmentation and DNA repair in the blood of Gulf sturgeon
increased with their potential exposure to DWH oil in the GoM.
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Recent Advances in Endocrine Disruptor
Screening – Applications for Ecotoxicology
393 Use of OASIS Estrogen/Androgen Receptor Binding QSAR
Predictions in Combination with In Vitro ToxCast Assays
B. Bhhatarai, D. Wilson, The Dow Chemical Company; K.K. Coady,
The Dow Chemical Company / Toxicology Environmental Research and
Consulting; S. Marty, The Dow Chemical Company
The combination of in silico and high-throughput (HT) assay-based
signatures can be used as an integrative testing strategy for potential
endocrine screening. We demonstrated this by using the concordance
of using OASIS, a three-dimensional quantitative structure-activity
relationship (QSAR) model and the results from the in vitro ToxCast
assays related to binding or activation of the estrogen (ER) and androgen
receptors (AR). For compounds considered “in domain” by the QSAR
models, predictions for both ER- and AR-binding had acceptable sensitivity (77-100%) and high specificity (95-100%). When HT results were
restricted to those showing consistent agreement of ER/AR binding at
AC50 < 1 µM (most active), the QSAR models predicted binding for
the parents or known hydroxylated metabolites 100% of the time. This
subset of compounds were active in all ER and AR transactivation assays
where metabolism was incorporated (OdysseyThera platform) and, except
for those compounds known to require metabolism to manifest activity, all assay platforms where metabolism wasn’t incorporated (Attagene
and ACEA platforms). The compounds were inactive in the respective
antagonist assays; expect 4-hydroxytamoxifen and raloxifene which
are known selective ER modulators (SERMs). However, this subset of
compounds were inactive in two ER-trans assays, ERRa and ERRg that
were not included by the USEPA as component assays of the EDSP21
Dashboard. The Attagene (ATG) AR-trans (ATG_AR_TRANS) assay
was able to differentiate progesterone and its analogs from the rest of
the AR ‘most active’ chemicals; progesterone analogs showed promiscuous activation of the other AR assays. Our findings highlight the ability
to use QSAR models to predict those compounds that were uniformly
active in all respective ToxCast assay platforms with the caveat of needing to account for metabolism.
394 Integrated Bioactivity-Exposure Ranking of the EDSP Chemical
Universe
P. Browne, USEPA / Office of Science Coordination and Policy; R. Judson,
USEPA / Office of Research Development; N. Kleinsteuer, ILS-NICEATM;
W. Casey, National Toxicology Program, Interagency Center for the
Evaluation of Alternative Toxicological Methods; J. Wambaugh, USEPA
/ Office of Research and Development; R.S. Thomas, USEPA- Office of
Research and Development / National Center for Computational Toxicology
The US Environmental Protection Agency (USEPA) Endocrine
Disruptor Screening Program (EDSP) uses a two-tiered approach to
determine a chemical’s potential to interact with estrogen, androgen,
and thyroid hormone pathways in humans and/or wildlife. In order
to rapidly screen thousands of chemicals in the Endocrine Disruptor
Screening Program (EDSP) universe, USEPA is now using in vitro high
throughput screening assays and computational methods to identify
potential bioactivity. In contrast to traditional validation of toxicity tests,
step-wise, performance-based approaches using a large set of reference
chemicals facilitate rapid validation of high throughput estimates of
endocrine bioactivity. Chemical concentrations associated with in vitro
bioactivity are converted to human oral equivalent doses using reverse
toxicokinetics. Resulting bioactivity data derived from high throughput
methods are coupled with estimates of physiologically and environmentally relevant exposure data to produce an integrated bioactivity-exposure
method of ranking chemicals for additional EDSP screening. USEPA is
accepting high throughput data for estrogen receptor bioactivity for more
than 1800 chemicals as an alternative to some EDSP Tier 1 assays and
working to expand validated computational tools. This approach facilitates rapid identification of chemicals that are likely to have the greatest
potency and potential for endocrine interactions in humans or wildlife.
(This abstract does not necessarily reflect USEPA policy.)
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395 Developmental plasticity induced by ethinylestradiol in the selffertilizing mangrove rivulus
A. Voisin, A. Fellous, F. Zaoui, Univ of Namur; R.L. Earley, Univ of
Alabama; D. Kültz, Univ of California Davis; F. Silvestre, Univ of Namur
Phenotypic plasticity is increasingly emphasized as an important processus for population survival when facing rapid environmental changes.
However, still little is known about the molecular mechanisms mediating
plasticity. The mangrove rivulus, Kryptolebias marmoratus, is one of the
two known self-fertilizing hermaphroditic vertebrates. Despite no or low
genetic diversity within a strain, this fish displays remarkable levels of
plasticity. This study investigates developmental plasticity of the cellular
(proteome) and organismal phenotypes induced by 17-α-ethinylestradiol
(EE2), one of the most potent and ubiquitous endocrine disrupting
compounds in the environment. Rivulus were exposed during 28 days
post hatching (dph) to control, 4 and 120 ng/L of EE2, then reared in
clean water until 168 dph. Exposed fish showed a reduced growth at 28
dph, and progressively recovered when raised in clean water. There was
no difference in hormone levels at 28 dph while 120 ng/L exposed fish
showed higher levels of testosterone and 11-ketotestosterone at 91 and
168 dph. There was no effect on survival, nor on reproductive success.
These results indicate that an early life exposure to EE2 can have delayed
effects on the endocrine status of adults but specific mechanisms allow
rivulus to maintain reproduction. The molecular mechanisms of EE2induced plasticity were investigated at the cellular level in gonads, brain
and liver of 168 dph adults by quantitative gel-free and label-free proteomics. The first global quantification indicates up- or downregulation
of histones, proteins involved in protein translation and folding, fatty
acid metabolism, energy metabolism, immune response. Of all 3 organs,
the liver showed the most interesting protein profiles which are beeing
confirmed by targeted proteomics. Genes corresponding to proteins of
interest will be selected to link the protein expression to the mRNA
expression (qPCR) and epigenetic regulation (DNA methylation) of
corresponding genes to better understand the role of DNA methylation
in the plastic response. In the meantime, eggs of the exposed F0 generation were allowed to hatch to produce the F1. F1 to F3 are beeing reared
under the same conditions (but not exposed to EE2) until 168 dph and
the same phenotypic, proteomic, gene expression, and DNA methylation
analyses will be conducted. This will allow us to investigate potential
transgenerational effects of EE2 and the role of DNA methylation in
this processus.
396 Application of a Framework for Extrapolating Chemical Effects
Across Species in Pathways Controlled by Estrogen Receptor-α
C. LaLone, USEPA / Mid-Continent Ecology Division; M.W. Hornung,
USEPA / ORD NHEERL Mid-Continent Ecology Division; L.E. Gray,
USEPA / ORD NHEERL RTD Endocrinology Branch; G.T. Ankley,
USEPA / National Health and Environmental Effects Research Laboratory
Cross-species extrapolation of toxicity data from limited surrogate test
organisms to all wildlife with potential of chemical exposure remains
a key challenge in ecological risk assessment. A number of factors
affect extrapolation, including the chemical exposure, pharmacokinetics, life-stage, and pathway similarities/differences. Here we propose a
framework using a tiered approach for species extrapolation that enables
a transparent weight-of-evidence driven evaluation of pathway conservation (or lack thereof) in the context of adverse outcome pathways.
Adverse outcome pathways describe the linkages from a molecular
initiating event, defined as the chemical-biomolecule interaction,
through subsequent key events leading to an adverse outcome of regulatory concern (e.g., mortality, reproductive dysfunction). Tier 1 of the
extrapolation framework employs in silico evaluations of sequence and
structural conservation of molecules (e.g., receptors, enzymes) associated
with molecular initiating events or upstream key events. Such evaluations
make use of available empirical and sequence data to assess taxonomic
relevance. Tier 2 uses in vitro bioassays, such as enzyme inhibition/
activation, competitive receptor binding, and transcriptional activation
assays to explore functional conservation of pathways across taxa. Finally,
Tier 3 provides a comparative analysis of in vivo responses between species utilizing well-established model organisms to assess departure from

“normal” processes, identify indicators of molecular initiating events
or key events, and measure apical responses to chemicals that describe
the adverse outcome relevant to risk assessment. Together, knowledge
assembled from each tier yields weight-of-evidence for defining the
taxonomic domain of applicability associated with a biological pathway.
Further in moving from Tier 1 approaches to Tier 3 approaches greater
certainty can be incorporated in the extrapolation. This presentation will
demonstrate application of the proposed framework relevant to extrapolation of pathways modulated via estrogen receptor-α, a prominent target
of endocrine disrupting chemicals. The contents of this abstract neither
constitute nor reflect official USEPA policy.
397 The Use of Next-Generation Sequencing Techniques to
Determine Biomarkers for Developmental Toxicity - A Case Study
using Retinoic Acid
M. Overturf, Univ of Ontario Inst. of Tech / Faculty of Science Biology;
D.A. Holdway, Univ of Ontario Inst. of Tech / Science
Adverse outcome pathways (AOPs) have become a popular discussion
with the push to implement the 3Rs (reduce, refinement, and replacement of animal tests) in environmental toxicology. The central theme of
AOPs is to link molecular initiating events to population-level responses.
The fish early life stage (FELS) test, an environmental risk assessment
tool, is labor and resource intensive with apical endpoints of survival
and growth. To be able to predict these apical endpoints from embryo
exposures would greatly enhance the implementation of AOPs for such
analyses. Key molecular events of embryonic development must be fully
understood. Therefore, the retinoic acid signaling pathway, responsible
for regulation of neurogenesis, cardiogenesis, body axis extension, and
development of the foregut and eye, may provide biomarkers for use in
predicting survival and growth endpoints of FELS. RNA-seq technology was utilized to determine differentially expressed genes of Japanese
medaka (Oryzias latipes) following exposure to 0.1 µM (30.0 µg/L) retinoic acid. The number of differentially expressed genes was determined
to be 932, 652, and 1192 using three differential expression tools cummeRbund, DESeq2, and edgeR, respectively. Of the genes determined
to be differentially expressed, only 638 of those genes were common
amongst the three programs. Many of those genes are involved in embryonic, heart, brain, and bone development, angiogenesis, and hatching.
The abnormal expression of these genes during embryonic development
may be useful in predicting adverse outcomes for future developmental
time periods such as that of the FELS.
398 Ligand-Dependent Receptor Assembly as an Endpoint for the
High-Throughput Screening of Chemicals for Endocrine Activity
C.N. Holmes, North Carolina State Univ / Toxicology; E. Medlock, North
Carolina State Univ / Dept of Biological Sciences Environmental and
Molecular Toxicology Program; G. Kwon, Y.H. Wang, North Carolina State
Univ; L. An, Chinese Research Academy of Environmental Sciences / River
and Estuary and Coastal; G.A. LeBlanc, North Carolina State Univ / Dept
of Biological Sciences Toxicology Program
Nuclear receptor activation is the dominant endpoint for the screening
of chemicals for endocrine activity. Reporter gene assays have become
the gold standard for chemical screening for endocrine activity. We
hypothesized that endpoints may exist earlier in the adverse outcome
pathway that may preserve the advantages of reporter gene technology
while improving upon cost and time drawbacks of these assays. Ligandbinding is considered to stimulate the assembly of nuclear receptors. We
used bioluminescence resonance energy transfer (BRET) technology
to investigate the utility of ligand-dependent receptor assembly as an
endpoint for use in the screening of chemicals for endocrine activity. The
human retinoid X receptor α (RXRα) was fused to the Renilla luciferase
2 (Rluc2) protein to serve as the photon donor during BRET experiments. RXRα also was fused to enhanced blue fluorescent protein 2
(EBFP2), as were human PPARα and PPARγ, to serve as photon acceptor/fluorescent proteins. Lastly, steroid receptor coactivator 1 (SRC1)
was fused to the photon acceptor/fluorescent protein mAmetrine.
Fluorescence generated as a consequence of dimerization of RXRαRluc2 with either PPARα-EBFP2, PPARγ-EBFP2, or RXRα-EBFP2
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along with recruitment of SRC1-mAmetrine to the complex was used
to quantify ligand-dependent receptor assembly. We demonstrated that
RXRα ligands stimulate RXRα homodimerization and RXRα heterodimerization with PPARα or PPARγ. RXRα ligands also stimulated
recruitment of SRC1 to the receptor complexes. However, ligands to
PPARα or PPARγ did not stimulate receptor assembly. Rather, these
ligands bound to and activated constitutively present receptor complexes
in the cells. Comparative experiments with reporter gene assays and
BRET assays using a suite of organophosphate compounds revealed
that ligand-directed receptor assembly/disassembly is predictive of the
chemical’s effect on PPAR:RXRα activation when the ligand interacts
with the RXRα subunit but not when the ligand interacts with the
PPAR subunit. Results demonstrate that BRET assays have utility in
the screening of chemicals for interaction with some, but not all, receptor
complexes.
399 Deciphering an Environmental-Endocrine Signaling Pathway for
the Identification of Efficacious Screening Endpoints
E. Medlock, North Carolina State Univ / Dept of Biological Sciences
Environmental and Molecular Toxicology Program; G.A. LeBlanc, North
Carolina State Univ / Dept of Biological Sciences Toxicology Program
High-throughput screening of chemicals for endocrine activity requires
the identification and utilization of target endpoints that occur early in
the adverse-outcome pathway. Efficacious assays and endpoints must be
specific, sensitive, and cost-effective. We describe the elucidation of the
environmental-endocrine signaling pathway responsible for sex determination/ differentiation in crustaceans. We identified several putative
targets for the high throughput screening of chemicals for activity within
this pathway. Methyl farnesoate is a sesquiterpenoid hormone that is
responsible for male sex determination in Branchiopoda crustaceans and
male sex differentiation in Decapoda crustaceans. Using Daphnia pulex
and Daphnia magna as model organisms, we established that the methyl
farnesoate receptor (MfR) is composed of two βHLH-PAS proteins,
methoprene-tolerant transcription factor (MET) and steroid receptor
coactivator (SRC). Using bioluminescence resonance energy transfer, we
demonstrated that MET exists as a homodimer in cells which dissociates upon methyl farnesoate binding. Methyl farnesoate-bound MET
then dimerizes with SRC to form the active transcription factor. We
then evaluated several in vitro (MET:MET dissociation, MET:SRC
association, gene transcription) endpoints to identify the most efficacious
endpoint within the MfR signaling pathway. MET:SRC dimerization was found to be highly sensitive to the detection of chemicals that
interfere with sex determination/differentiation with a very low incidence
of false positives. Unlike reporter gene assays which require hours for the
accumulation of detectable reporter gene product, MET:SRC dimerization is detected within 10 min of chemical administration to the cells.
Further, the BRET assay is fully capable of robotic, high-throughput
application. We conclude that the detection of ligand-dependent receptor
subunit dimerization via BRET is superior for use as an endpoint for the
high throughput screening of chemicals as demonstrated with the methyl
farnesoate signaling pathway.

Canadian Oil Sands: Advancing Science for
an Expanding Industry – Part 1
400 Update on Atmospheric Deposition and Assessment of Effects of
Contaminants in the Athabasca Oil Sands
J. Charland, Environment Canada / Air Quality Research Division;
E. Dabek, Environment Canada; T. Harner, Environment Canada
/ Atmospheric Science Technology Directorate; L. Zhang, V. Celo,
Environment Canada; J. Schuster; M. Siu, Environment Canada / Air
Quality Research Division; D.C. Muir, Environment Canada / Aquatic
Contaminants Research Division
Monitoring for polycyclic aromatic compounds (PACs) and metals has
been established in the Athabasca oil sands region (AOSR) to determine their atmospheric transport, transformation, and deposition. This
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presentation will provide an update on the most recent measurements
at sites within and outside the major mining development areas. It will
show spatial and temporal patterns derived from integrated active air
and precipitation sampling coupled to integrated passive sampling and
snowpack sampling. An approach developed to estimate the dry deposition of PACs using numerical prediction models will be described. The
dry deposition of about 40 PACs in the AOSR was estimated from
modeled dry deposition velocities over various land covers. The modeled
velocity values were comparable with literature values obtained from field
studies. The presentation will provide annual dry deposition estimates of
the PACs over forested canopies and over natural vegetation, grass and
shrubs. The direct annual atmospheric dry deposition to water surface
will also be shown. Results to date suggest that in the AOSR, alkylated
PACs contribute more than the sum of non-alkylated PACs and sulphurcontaining PACs in both dry and wet depositions. Air measurements
show that concentrations of PACs and metals decrease with distance
from the main surface mining and upgrading activities, that alkylatedPACs are more abundant than the unsubstituted PACs, and that the
crustal elements iron, silicon, aluminum, and calcium are present in
greater abundance than other metals detected. The air measurements
will be also compared to existing provincial ambient air quality objectives. Snowpack measurements show that loadings of PACs and metals
decrease with distance from the major developments, with the highest
deposition occurring within 50 km of the main development area.
401 Assessing Forest Health in the Athabasca Oil Sands Region of
Alberta
K. Percy, Wood Buffalo Environmental Association; A. Legge, Biosphere
Solutions; D. Maynard, Natural Resources Canada - Canadian Forest
Service
The Athabasca Oil Sands Region in northeastern Alberta is the largest of the three Canadian oil sands deposits. The 170 billion barrels of
currently accessible oil equivalent contained in the deposit is extracted
using surface mining and drilling technologies. Ambient air quality and
forest health have been monitored by the Wood Buffalo Environmental
Association (www.wbea.org) since 1998. The WBEA The forest health
network is part of a suite of programs linking source emissions to receptor systems. Only some 10% of the AOSR model domain comprises
open water, the remainder of the landscape being mainly wetlands,
upland forests and urban area. Anthropogenic fixed, mobile, fugitive and
natural emissions to air that are not directly deposited to open water, are,
therefore, deposited onto wetlands and forests. WBEA has conducted
intensive, cyclic sampling and measurement on acid-sensitive jack pine
(Pinus banksiana) plots since 1998. In 2011, a multidisciplinary team of
scientists completed an intensive above- and below-ground measurement
of, and sampling for biophysical and chemical indicators of change and
forest function. Status of these indicators has recently been elucidated
in relation to measurements of air quality at, and deposition to the
plots. In this presentation, we will report on vegetation and soil indicators with reference to 2011. Where possible, we will compare these to
measurements made at the same plots in 2004 and 1998. Context will
be provided for emissions over time, and for calculated critical load
exceedance.
402 Measurement of polycyclic aromatic compounds in epiphytic
lichens by GCMS and GC-TOF-MS for receptor modeling in the
Alberta Oil Sands Region
W. Studabaker, RTI International; K. Percy, Wood Buffalo Environmental
Association; K. Puckett, ECOFIN; M. Landis, Integrated Atmospheric
Solutions LLC
As mining and refinery operations in the Alberta Oil Sands Region
(AOSR) have expanded, there has been increasing concern for the
impacts of air pollution generated by those operations on both human
and ecosystem health. The inaccessibility of much of the AOSR makes
it difficult to establish conventional air quality monitoring stations to
the extent needed to model long-range impacts of emissions from the
AOSR operations. Epiphytic lichens are important markers of ecosystem
health, are well-established bioaccumulators of trace metals, and are
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potentially useful biomonitors of air pollution. However, their ability to
take up organic pollutants has not been extensively explored, and only
recently have they been used for biomonitoring of pollution by PAHs.
Here we describe the determination of polynuclear aromatic hydrocarbons (PAHs) and polycyclic aromatic compounds (PACs) in lichens from
an extensive sampling campaign conducted in 2014, collected from sites
throughout the AOSR, for modeling emissions associated with mining
and oil extraction operations. The lichen species, Hypogymnia physodes,
which was the most efficient bioaccumulator of PAHs among five species
considered for this study, were collected from over 120 sites throughout
the AOSR; site duplicates were collected at 13 locations. Lichens were
milled in a cryogenic impactor. Target analytes were extracted with
cyclohexane, purified on silica gel using automated solid phase extraction, and analyzed by gas chromatography with mass selective detection
(GCMS), and with time-of-flight mass spectrometry (GC-TOF-MS).
Method detection limits for individual PAHs were < 1 ng/g by GCMS,
and for PAHs and PACs 2-4 ng/g by GC-TOF-MS. Total PAHs ranged
from < 20 ng/g to >400 ng/g, and declined with increasing distance from
the mining and refinery operations. Total PACs span a higher range of
concentration than PAHs. Concentration gradients and analyte profiles
for both PAHs and PACs, as illustrated by spatial interpolation plots, are
consistent with near-source deposition processes dominated by fugitive dust emission, with longer-range transport dependent on molecular
mass.
403 Spatial and temporal trends of polycyclic aromatic compounds in
the Athabasca oil sands region in Sphagnum moss and peat cores
Y. Zhang, Univ of Alberta / Dept of Laboratory Medicine and Pathology;
W. Shotyk, T. Noernberg, R. Pelletier, Univ of Alberta / Dept of Renewable
Resources; C. Zaccone, Univ of Foggia / Dept of the Sciences of Agriculture;
J.W. Martin, Univ of Alberta / Laboratory Medicine and Pathology
Oil sands mining has been linked to increasing atmospheric deposition
of polycyclic aromatic compounds (PACs) in the Athabasca oilsands
region (AOSR), but known sources do not explain all PACs in local
environmental samples. Here, PACs were measured in Sphagnum moss
(n=68) and peat cores (n=4, 40 layers for each core) from ombrotrophic
bogs in the AOSR, and the data were input to a chemical mass balance
(CMB) model developed by the USEPA for source apportionment. Total
PACs in moss at near-field sites were 2-5 times higher than at far-field
sites, and increasing temporal trends were detected in the three peat
cores closest to major oil sands upgrading activity, confirming that the
oil sands mining activities contribute to PAC deposition in the region.
Based on PAC profiles in moss, CMB modeling indicated dominant
sources of PACs.
404 Characterizing and quantifying PAHs in the Athabasca oil sands
region using compound-specific isotope analysis
J. Ahad, Natural Resources Canada / Geological Survey of Canada; J.J.
Jautzy, INRS / Centre Eau Terre Environnement; A. Smirnoff, Natural
Resources Canada / Geological Survey of Canada; C. Gobeil, INRS / Centre
Eau Terre Environnement; M.M. Savard, Natural Resources Canada /
Geological Survey of Canada
Informed oil sands management strategies demand an accurate understanding of both natural and anthropogenic sources of polycyclic
aromatic hydrocarbons (PAHs). Here, we present results from several
recent studies carried out under the framework of Natural Resources
Canada’s Environmental Geoscience Program which utilized natural abundance compound-specific stable carbon (δ13C) and hydrogen
(δ2H) isotope analysis to delineate and quantify sources of PAHs in the
Athabasca oil sands (AOS) region. Analyses were carried out in dated
lake sediments to provide an important temporal component. δ13C
characterization suggested a fugitive dust source for PAHs deposited in
a headwater lake situated 55 km southeast of the main area of mining operations, and for a predominantly wildfire contribution to PAHs
deposited in northwest Saskatchewan lakes located between 100 to 220
km east-northeast of the AOS. The application of both δ13C and δ2H
analysis allowed for an improved delineation of potential mining-related
inputs and provided evidence for oil sands petroleum coke (petcoke) in

a small lake in the Peace-Athabasca Delta (PAD) situated around 150
km north of the center of mining operations. Using a Bayesian isotopic
mixing model, the flux of petcoke-derived PAHs was shown to increase
in the last three decades. This research has demonstrated that dual δ13C
and δ2H measurements provide a powerful tool to identify and quantify
natural and anthropogenic PAHs in the AOS region.
405 Understanding Controls on Mercury and Methylmercury
Deposition to the Oil Sands Region
C. Willis, Univ of Alberta / Biological Sciences; J.L. Kirk, Environment
Canada / Aquatic Contaminants Research Division; V. St.Louis, Univ
of Alberta / Biological Sciences; I. Lehnherr, Geography; D.C. Muir,
Environment Canada / Aquatic Contaminants Research Division; A.
Gleason, X. Wang, Environment Canada; C. Dodge, Univ of Alberta
Atmospheric deposition of contaminants is a concern in the Athabasca
Oil Sands (OS) region of Alberta, Canada, with potential emission
sources including bitumen upgrading facilities, vehicle emissions,
volatilization from tailings ponds, and blowing dusts from land disturbances including open pit mines, roads, and land clearing. We have
been monitoring winter-time contaminant loadings in open areas of
the OS region using snowpack measurements since 2011 and have
found that deposition of numerous metals, including mercury (Hg) and
methylmercury (MeHg; the toxic form of Hg that biomagnifies through
food webs) increases with proximity to the major oil sands developments.
These results suggest that the OS developments are a direct source of Hg
and MeHg to nearby watersheds; however in situ production of MeHg
via snowpack methylation is a possibility given the complex mixture of
particles, nutrients and other contaminants present in snowpacks of this
region. The forest canopy may also play an important role in controlling
Hg and MeHg deposition as measurements in other boreal regions of
Canada have demonstrated that dry deposition of MeHg is 1.4 to 4 times
higher under forest canopies than in the open because the forest is an
efficient scavenger of aerosols and particulate matter from the atmosphere. In the OS region, boreal forest comprises a much larger portion
of the landscape than open areas. To determine the role of the forest
canopy in controlling Hg and MeHg deposition to the OS, we quantifyied snowpack loadings of Hg and MeHg both in the open and under
the forest canopy at 25 sites in winter 2015. To quantify Hg and MeHg
deposition under the forest canopy throughout the spring, summer and
fall months, a network of litterfall collectors was also deployed in May/
June 2015. The origin of MeHg in OS snowpacks was also examined
in winter 2015 by performing a series of incubation experiments with
stable isotopes of Hg(II) and MeHg to determine potential rates of Hg
methylation and demethylation in both snow and snowmelt. Results will
be presented within the context of 2011-2015 spatial and temporal trends
in winter-time Hg, MeHg and metals deposition. This work will improve
watershed-scale estimates of contaminant loadings to the OS region and
provide a more comprehensive understanding of the potential impacts of
Hg and MeHg inputs on the ecosystems of the region.
406 Estimation of vanadium guidelines for the protection of aquatic
life relevant to the Canadian Oil Sands region
S. Schiffer, Univ of Saskatchewan - Toxicology Centre / Toxicology; K. Liber,
Univ of Saskatchewan / Toxicology Centre
Vanadium (V) is a highly abundant metal in crude oil, including the
bitumen obtained from the Athabasca Oil Sands (AOS) region located
in Alberta, Canada. Upgrading bitumen to a synthetic crude oil results
in the removal of V and its subsequent enrichment into the by-product
coke. Annually, up to 3 million tons of coke are produced by major oil
sands companies and all is stockpiled on-site. Previous studies have
found coke to leach ecotoxicologically relevant concentrations of V into
water under wet conditions. This suggests that leachates from coke could
expose aquatic ecosystems of northern Alberta to elevated concentrations
of V, depending on future plans for storage and remediation of large volumes of coke. This research aimed to develop new data on V toxicity to
various freshwater algae, invertebrates and fish species that are either (i)
commonly-used laboratory species, or species more regionally representative of northern Alberta, and (ii) to develop acute and chronic species
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sensitivity distributions (SSDs) using these and existing, published data.
Acute and chronic endpoints for V included lethality, growth, inhibition
of reproduction, and emergence of insects. From the developed SSDs,
acute and chronic hazardous concentrations for 5% of the species tested
(HC5 values) were calculated to be 0.55 and 0.08 mg V/L. Acute SSDs
displayed greater sensitivity to V for regionally-relevant species than
standard test species, more so than the chronic SSDs. To date, acute
and chronic HC5s have been estimated to be 1.20 and 0.25 mg V/L and
0.11 and 0.04 mg V/L for standard and region-relevant species, respectively. This research provides the data needed for future development
of appropriate site-specific water quality guidelines for V for use in the
AOS region and for risk assessment of coke placement in reclamation
landscapes.
407 Using natural variability to develop triggers for designing and
adapting environmental monitoring programs
K.R. Munkittrick, COSIA; T. Arciszewski, Biolgy; B.W. Kilgour, Kilgour
& Associates Ltd.; K. Somers, Ontario Ministry of the Environment and
Climate Change; T. Barrett, Golder Associates
A big challenge in biological monitoring is how to incorporate natural
variability in biological endpoints into decision-making. As the temporal and spatial scales of monitoring increase in long term programs,
available statistical power increases the potential for identifying very
small changes. There are huge costs and risks to management decisions
based on small biological changes which may be ecologically meaningless, or for which there is an insufficient historical baseline data to inform
decision-making. We are developing a conceptual model for a scalable
adaptive monitoring framework that defines changes using a normal or
expected range for biological data, based on measures of natural variability at multiple spatial and temporal scales. The estimates of the normal
range limits are dependent on the quantity of data, improve over time,
and stabilize around 2 SD when adequate baseline data are available.
This adaptive monitoring framework can be used to identify triggers to
define when local change is of sufficient concern that it needs focused
attention, and allows the prioritization of resources to areas with the
most uncertainty or change.

Systems Biology Approaches for Advancing
Adverse Outcome Pathways for Risk
Assessment
408 Accelerating Adverse Outcome Pathway Development via
Systems Approaches
S. Edwards, Integrated Systems Toxicology Division; N. Oki, S. Bell, M.
Nelms, Oak Ridge Inst for Science and Education at USEPA / Integrated
Systems Toxicology Division NHEERL; C. Tan, USEPA
The Adverse Outcome Pathway has emerged as an internationally
harmonized mechanism for organizing biological information in a
chemical agnostic manner. This construct is valuable for interpreting the
results from high-throughput toxicity (HTT) assessment by providing
a mechanistic connection to adverse outcomes of regulatory interest. To
facilitate the development and use of AOPs, an international knowledgebase (AOPKB; https://aopkb.org) was developed to house this
information with the public release of the first module (http://aopwiki.
org) in September 2014. However, the AOPs currently stored in the
AOPKB include the intended targets for only a small number of HTT
assays currently used for toxicity screening. To generate more AOPs
within the KB, we have developed bioinformatic approaches to expedite the inclusion of computationally-predicted AOPs (cpAOPs) that
include biological pathways containing ToxCast assay targets. A variety
of input data sources have been used including large-scale toxicogenomics data such as the Toxicogenomics Project-Genomics Assisted Toxicity
Evaluation System (TG-GATEs) and public annotation databases such
as the Comparative Toxicogenomics Database (CTD). They have been
evaluated by comparing against previously-defined modes of action such
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as liver toxicity via CCl4 exposure. The cpAOPs also include integration
of known mechanistic information that has not been previously documented in public annotation databases such as the role for CYP1B1 in
AhR-mediated glaucoma. In all, the current cpAOP network provides
annotation information for >200 EPA ToxCast assays. Through a
crowd-sourcing model enabled by the AOPKB, these cpAOPs can be
rapidly assessed by any scientist working in mechanistic toxicology to
assemble putative AOPs. Detailed AOP development can be focused on
problems where high precision is needed whereas putative AOPs may be
sufficient for decisions when less quantitation and/or weight of evidence
is required. If the AOPs are then combined with exposure and absorption, distribution, metabolism, excretion (ADME) predictions developed
in a similar manner, we can recapitulate the mode of action for a given
chemical from reusable components allowing more extensive use of
AOPs in risk assessment. [This is an abstract or a proposed presentation
and does not necessarily reflect USEPA policy. Mention of trade names
or commercial products does not constitute endorsement or recommendation for use.]
409 A three-tiered approach for linking pharmacokinetic considerations to the adverse outcome pathway framework for
chemical-specific risk assessment
C. Tan, USEPA; J. Leonard, NC State Univ / Dept of Environmental and
Molecular Toxicology; D. Chang, Chemical Computing Group; H. El-Masri,
USEPA; S. Edwards, Integrated Systems Toxicology Division; R. Goldsmith,
Chemical Computing Group
The power of the adverse outcome pathway (AOP) framework arises
from its utilization of pathway-based data to describe the initial interaction of a chemical with a molecular target (molecular initiating event;
(MIE), followed by a progression through a series of key events that lead
to an adverse outcome relevant for regulatory purposes. The AOP itself
is not chemical specific, thus providing the biological context necessary for interpreting high throughput (HT) toxicity screening results.
Application of the AOP framework and HT predictions in ecological
and human health risk assessment, however, requires the consideration of
chemical-specific properties that influence external exposure doses and
target tissue doses. To address this requirement, a three-tiered approach
was developed to provide a workflow for connecting biology-based
AOPs to biochemical-based pharmacokinetic properties (absorption,
distribution, metabolism, excretion; ADME), and then to chemical/
human activity-based exposure pathways. This approach included: (1)
Qualitative refinement of HT results through identification of false positives (in vitro active chemicals that cannot access the molecular target in
vivo) and false negatives (in vitro inactive chemicals that are progenitors
of active metabolites in vivo); (2) Quantitative scoring to rank active
chemicals based on estimates of ADME rates used as surrogates of target
tissue doses; and (3) Quantitative modeling to prioritize active chemicals by incorporating information on hazard potencies, environmental
exposures, and chemical-specific ADME characteristics. Three case
studies involving acetylcholinesterase inhibitors and thyroid peroxidase
inhibitors are presented to demonstrate the implementation of these
techniques. Findings in these case studies also highlight how decision
makers can use alternative tools based on exposure and ADME information available to them to apply the AOP framework in chemical-specific
risk assessment. [Although this work was reviewed by USEPA and
approved for publication, it may not necessarily reflect official Agency
policy.]
410 Use of High Throughput and Computational Approaches for
Endocrine Disruptor Screening
D. Dix, USEPA / OSCPP
The US Environmental Protection Agency (EPA) is using high
throughput and computational methods for regulatory applications
in the Endocrine Disruptor Screening Program (EDSP). To use new
tools for regulatory decision making, computational methods must be
appropriately validated. Traditional validation of toxicity tests are time
intensive, evaluate a relatively small number of chemicals, and are not
well-suited to high throughput methods. EPA has adopted a multi-step,
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performance-based validation approach to establish scientific confidence
in computational methods and demonstrate suitability for regulatory use.
For example, results from ToxCast High Throughput Screening (HTS)
assays measuring different points along the estrogen receptor (ER)
signaling pathway were integrated into a computational model. ToxCast
ER model performance was evaluated for in vitro and in vivo reference
chemicals, and were also compared to EDSP Tier 1 screening assays in
current regulatory practice for more than 100 chemicals. ToxCast ER
model accuracy was 95% when compared to reference chemicals and
predicted the outcomes of EDSP Tier 1 guideline and other uterotrophic
studies with > 90% accuracy. The performance of the HTS assays and
ToxCast ER model predictions of agonist bioactivity demonstrates these
methods are sensitive, specific, quantitative, and efficient. The use of high
throughput and computational methods will dramatically increase EPA’s
ability to rapidly screen chemicals for endocrine bioactivity, and are an
alternative to animal-based EDSP Tier 1 ER binding and uterotrophic
assays. The application of these alternative, innovative tools for screening
chemicals of endocrine bioactivity represents the first step in a paradigm
shift for chemical safety testing, and the first systematic application of
ToxCast data in an EPA regulatory program.
411 Applications of neurobehavioral analysis in AOP models and risk
assessment
R.H. Klingler, F.X. Mora, M.J. Carvan, Univ of Wisconsin-Milwaukee /
School of Freshwater Sciences
Adverse Outcome Pathways (AOPs) provide a framework whereby
molecular initiating events can be directly linked to specific adverse
effects (e.g., altered growth, survival, or reproduction) which have clear
health implications for the individual and, ultimately, impact population fitness. We have adopted the AOP framework to assess the effects
of environmental contaminants including methylmercury (MeHg)—a
well-established neurotoxicant. Developmental exposures to high
concentrations of MeHg elicit devastating effects to motor and cognitive functions, which are easily identified. However, the neurotoxic
effects of low dose (i.e., ecologically relevant) MeHg are significantly
more challenging to recognize as they often yield subtle cognitive and/
or behavioral changes. Quantitative neurobehavioral assays are extremely
useful and sensitive indicators of neurotoxicity since the chosen endpoints require functional integration of all nervous system components.
Moreover, the data analyses do not require an understanding of the
underlying neurobiological mechanisms of toxicity. Taking advantage
of the relatively simple behavioral profile of zebrafish, we can characterize the neurotoxic effects of MeHg (or other chemicals) while using
exposure concentrations well below that which cause overt toxicity. In
our laboratory, quantitative neurobehavioral assays are employed to: (1)
evaluate the response of zebrafish to tactile, acoustic, vibrational and
visual stimuli; (2) identify changes in locomotion and foraging behaviors
and; (3) assess the capacity for learning and memory. Neurobehavioral
data can be extremely useful in developing AOP models for chemicals
with unknown molecular initiating events. Altered zebrafish behaviors
provide insight as to the underlying physiological changes and, ultimately, highlight affected organ system(s) and/or molecular pathway(s).
Importantly, these data dictate future research directions focused on
elucidating the molecular initiating events. The constantly expanding
collection of available resources for the zebrafish allows us to immediately explore the molecular and cellular pathways associated with each
neurobehavioral outcome. Using statistical modeling, the data from these
behavioral and molecular studies are then correlated to several ecological endpoints (i.e., survival, escaping a predator, and capturing prey),
which ultimately culminate in an adverse outcome relevant to human or
ecological risk assessment.

412 Conceptualizing Adverse Outcome Pathways for Cyclooxygenase
Inhibitors using Transcriptomic and Metabolomic Characterization
D. Martinovic-Weigelt, Univ of St. Thomas; A. Mehinto, Southern
California Coastal Water Research Project / Dept of Toxicology; G.T.
Ankley, USEPA / National Health and Environmental Effects Research
Laboratory; J.P. Berninger, USGS / CERC, BiochemistryPhysiology; T.
Collette, Ecosystems Research Division; J. Davis, USEPA / Ecosystems
Research Division; N.D. Denslow, Univ of Florida / Physiological Sciences;
E. Durhan, USEPA / Mid-Continent Ecology Division; E. Eid, USEPA;
D. Ekman, USEPA / Ecosystems Research Division; K.M. Jensen, M. Kahl,
USEPA / National Health and Environmental Effects Research Laboratory;
D.L. Villeneuve, USEPA / Mid-Continent Ecology Division
Cyclooxygenase (COX) inhibition is of concern in fish because COX
inhibitors (e.g., ibuprofen) are ubiquitous in aquatic systems/fish tissues,
and can disrupt synthesis of prostaglandins that modulate a variety of
essential biological functions (e.g., reproduction). This study utilized
newly generated high content (transcriptomic and metabolomic) empirical data in combination with existing high throughput (ACTOR, epa.
gov) toxicity data to facilitate development of adverse outcome pathways
(AOPs) for molecular initiating event (MIE) of COX inhibition. We
examined effects of a waterborne, 96h exposure to three COX inhibitors
(indomethacin (IN; 100 µg/L), ibuprofen (IB; 200 µg/L) and celecoxib
(CX; 20 µg/L) on the liver metabolome and ovarian gene expression
(using oligonucleotide microarray 8 x15K platform) in sexually mature
fathead minnows (n=8). Differentially expressed genes were identified (t-test, p < 0.05), and functional analyses performed to determine
enriched Kyoto Encyclopedia of Genes and Genomes (KEGG) pathways
(p < 0.1). Principal component analysis indicated that liver metabolomics
profiles of IN, IB and CX were not significantly different from control
or one another. When compared to control, exposure to IB and CX
resulted in differential expression of comparable numbers of genes (IB =
433, CX= 545). In contrast, 2558 genes were differentially expressed in
IN-treated fish. KEGG pathway analyses show that IN had extensive
effects on oocyte meiosis and muscle contraction processes, which is
consistent with physiological roles of prostaglandins in the fish ovary.
Transcriptomic data was congruent with apical endpoint data - IN
caused significant suppression in plasma prostaglandin F2 alpha concentrations, and reduced ovarian COX activity, whereas IB and CX did not.
Ovulation status, chemical treatment, and their interaction did not have
statistically significant effect on circulating vitellogenin. These findings were used to develop AOPs for COX inhibition (MIE) leading to
reproductive failure (adverse outcome) via two series of key events – one
associated with inhibition of reproductive behavior, and another with the
inhibition of oocyte maturation/ovulation. The contents of this abstract
neither constitute, nor necessarily reflect, official USEPA policy.
413 Developing Molecular Guideless for Chemicals with Reduced
Oxidative Stress Potential through Systems Analysis of ToxCast
F. Melnikov, Yale Univ / Forestry and Environmental Studies; L. Shen,
Yale Univ / Center for Green Chemistry and Green Engineering; J. Kosal,
George Washington Univ; A. Voutchkova-Kostal, George Washington Univ
/ Chemistry; J. Zimmerman, Yale Univ; P. Anastas, Yale Univ / Center for
Green Chemistry and Green Engineering
Oxidative stress is associated with a variety of adverse effects, including
immune suppression, cancer, rheumatoid, cardiovascular, Parkinson’s,
and Alzheimer’s diseases. Consequently, regulating OS-inducing
substances and designing substances with minimum potential to induce
the aforementioned adverse effects through OS induction is a crucial
concern in regulatory toxicology and green chemistry. This task can
be made easier by developing in silico models and molecular design
guidelines (MDG) for OS induction and downstream effects. However,
OS response and regulation are complex. Reactive electrophiles, oxygen
and nitrogen species (ROS, RNS) may react with cellular components,
deplete the OS-defense systems, and propagate through adverse outcome
pathways to induce adverse effects. In response, cells can upregulate a
series of scavenger and metabolic enzymes to combat OS. Nrf2 transcription factor and Keap1-Cul3-E3 ubiquitin complex are the key
sensors of electrophilic and oxidative stress. The interactions between
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the complex and xenobiotics or their metabolites can induce transcription
of OS-protective genes. Furthermore, major kinases and components of
other prevalent signaling pathways that include NF-kB, p53, and Notch
proteins may modify OS response; thus producing cytoprotective or
pro-apoptotic effects. Given the complexity of the regulatory pathway
and diversity of chemical interaction, it is best to approach the development of in silico guidelines for OS through systems analysis of large
toxicity data sets. ToxCast phase II contains high throughput toxicity
data for 1,865commercial chemicals, pesticides, and pharmaceuticals. The
effects of these compounds on gene and protein expression in multiple
cell lines are evaluated via 700 bioassays. Many of the assays overlap with
components of the OS regulatory system. We develop a schematic of the
biological system involved in OS response through literature review. The
schematic is mapped to ToxCast assays. The responses across the relevant
assays to chemical exposure are analyzed with directed acyclic graph
(DAG) models. DAG models show distinct patterns of ToxCast chemicals inducing pro-apoptotic and cytoprotective responses. Using these
chemical grouping, we related the patterns of pathway perturbation with
chemical properties that help inform develop molecular design guidelines
for chemicals with minimal OS potential and alternative assessment.
414 Driving Risk Decisions Through Information Integration and
Visualization Using Systems Biology, Ontologies and the AOPXplorer
L. Burgoon, US Army Engineer Research and Development Center /
Environmental Laboratory; N. Vinas, US Army Engineer Research and
Development Center; K.A. Gust, ERDC-EL-EP-P / Environmental
Laboratory; M. Wilbanks, US Army Engineer Research and Development
Center / Environmental Lab; N. Barker, US Army Engineer Research
and Development Center; P. Gong, J.K. Stanley, E.J. Perkins, US Army
Engineer Research and Development Center / Environmental Laboratory
Risk managers and risk assessors will soon be flooded with molecular
and phenotypic data coming from omics and high throughput screening technologies. Although the Adverse Outcome Pathway framework
provides a means to begin to anchor, interpret, and understand these
data, biology does not occur in single pathways – it is networks of pathways interacting with each other that ultimately lead to the complexity
of adverse outcomes. Currently there is a dearth of tools available to
integrate and make sense of all of this systems biology data. We built the
AOPXplorer to address this need, allowing us to integrate, explore, and
visualize the data in ways that will help us understand what the molecular responses mean within a larger biological context, and to facilitate the
automated screening of hazards and perform dose-response assessments
in a more rapid fashion. The AOPXplorer uses the AOP Ontology to
model and integrate the data, allowing the computer to quickly perform
hazard identification on chemical data by comparing activated key events
against the set key events that are sufficient to infer that an adverse
outcome is likely to occur. This allows users to quickly scan through the
list of potential adverse outcomes, and see visually how the computer
made these inferences by overlaying the molecular data onto adverse
outcome pathways. The AOPXplorer will also facilitate the creation of
analysis pipelines, such as automated point of departure calculations. We
will show examples of the capabilities by using data from zebrafish fish
embryo toxicity (zFET) and high throughput screening assays.
415 Consideration of Social Issues for Advancing Adverse Outcome
Pathways for Risk Assessment
K. Elliott, Michigan State Univ / Lyman Briggs College; C.A. Murphy,
Michigan State Univ / Fisheries and Wildlife
A number of social forces (including concerns about cost, efficacy, efficiency, animal welfare, and the vast number of chemicals in production
and development) have recently pushed some sectors of the regulatory
and scientific community to develop a new high-throughput testing
framework (adverse outcome pathways) that could potentially transform
the ways that chemical risks will be assessed in the future. Alongside
this new framework, scholarship in the humanities and social sciences
is needed to help anticipate and address the social transformations that
are likely to accompany this scientific transformation. This talk provides
an introduction to five social issues that need to be investigated further.
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First, methods for validating these new approaches will require a great
deal of reflection both within and beyond the scientific community,
because it is possible that some segments of the toxicological community
will be convinced by the effectiveness of their methods but that other
segments of society will demand greater levels of evidence. Second, these
high-throughput methods and modeling approaches will require more
extrapolation and uncertainty than what most biologists are comfortable with, which will require broad-based deliberation about how to
handle these uncertainties. Third, for these methods to live up to their
full potential, it may be necessary to shift incentives and cultures within
the scientific community to promote more extensive data sharing and
to alleviate financial conflicts of interest in chemical safety testing for
regulatory applications. Fourth, reflection is needed on how to avoid
overhyping the feasibility and capabilities of these scientific methods
so that the public does not develop false hopes for technical solutions
to pollution problems. Fifth, new educational models and conceptual
frameworks will be needed for chemists if they are to adopt a new
mindset toward chemical pollution and take advantage of the opportunities afforded by new toxicological approaches. To address these issues,
interdisciplinary collaborations amongst figures from multiple disciplines
(humanities, social sciences, toxicology, ecology) and sectors (academia,
regulatory agencies, industry, NGOs) is needed in order to facilitate
widespread acceptance of effective risk assessment.

Aquatic Toxicology and Ecology General –
Part 1
416 Brominated flame retardants: Evidence for altered thyroid signaling and neurological development in Xenopus laevis tadpoles
M.K. Sellin Jeffries, Texas Christian Univ / Dept of Zoology; A.T. Yost, L.
Thornton, B.J. Venables, Texas Christian Univ / Dept of Biology
Polybrominated diphenyl ether 47 (PBDE-47), one of the most common flame retardants detected in aquatic systems, is a known endocrine
disruptor with the ability to alter thyroid hormone signaling and thyroid
hormone mediated processes. Amphibian metamorphosis is a thyroid
dependent process, yet only a handful of studies have examined the
impacts of PBDE-47 on thyroid function and metamorphosis in frogs.
The primary objective of this study was to determine the impacts of
PBDE-47 on growth, metamorphosis and thyroid hormone signaling
in pre-metamorphic Xenopus laevis tadpoles. Tadpoles were divided into
groups and exposed to one of three concentrations of PBDEs for 21
days beginning at developmental stage 52. On days 7, 14 and 21 of the
exposure, the mass and developmental stage of PBDE-exposed tadpoles was evaluated and compared to that of controls. On day 21, brain
was collected for thyroid hormone-related gene expression analysis. No
differences in the mass or stage of low- or medium-dose tadpoles were
observed; however, tadpoles exposed to the highest concentration of
PBDE-47 had significantly lower masses and were less developed than
controls demonstrating the ability of PBDE-47 to hinder both growth
and metamorphosis. Dose-dependent alterations in thyroid hormonerelated gene expression were also observed. Significant decreases in the
expression of basic transcription element-binding protein (bteb), thyroidstimulating hormone ß (tshß), deiodinases (dio 1, dio2), and thyroid
receptors (tra, trb) in the brains of medium- and high-dose tadpoles were
indicative of reduced thyroid hormone signaling. These alterations in
gene expression were consistent with the observed alterations in growth
and metamorphosis and also provide insight into other possible exposure
outcomes. For example, the noted reductions in relative bteb expression
point to possible alterations in neurological function and behavior, as
bteb is essential for neurite outgrowth. Overall, our results indicate that
PBDE-47 inhibits thyroid hormone signaling and thyroid mediated processes in pre-metamorphic tadpoles. These results also provide evidence
suggesting that neurological development may be impaired as a result
of PBDE-47 exposures. Such PBDE-induced alterations in growth,
development and neurological function could negatively impact already
declining amphibian populations by delaying time to sexual maturation,
reducing predator avoidance potential or altering breeding behaviors.
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417 Assessing Relationships for Guideline Derivation: Water
Hardness and Chloride Toxicity towards Aquatic Life
I. McIvor, Equilibrium Environmental Inc.; A. Knafla, Equilibrium
Environmental Inc. / Risk Assessment
In 2011 the Canadian national water quality guidelines for chloride
were revised by the Canadian Council of Ministers of the Environment
(CCME) to incorporate new toxicological research including assays
conducted on sensitive Pelecypoda lifestages. While water harness was
identified as an important factor modifying chloride toxicity, it was not
incorporated into the 2011 acute or chronic guidelines. In this study, a
large scale literature review was conducted to determine the toxicity of
four major chloride salts (NaCl, KCl, CaCl2, and MgCl2) to a range
of aquatic organisms and to examine any ameliorating effects caused by
water hardness. Severe (LC50 or equivalent) and low/no (EC/IC10-25,
NOEC, LOEC, MATC) effects data were used to propose respective
short- and long-term water quality guidelines using a species sensitivity distribution (SSD) approach. Initial short- and long-term guidelines
were established without adjusting for water hardness and resulted in 5th
percentile short-term guidelines of 659, 106, 703, and 145 mg/L chloride
for the sodium, potassium, calcium, and magnesium chloride salts
respectively. Within the long-term dataset, only NaCl met the minimum
data requirements specified by the CCME, with a derived 5th percentile of 112 mg/L chloride. Pelecypods, Cladocerans, and a microalga
(Pseudokirchneriella subcapitata) represented the most sensitive species in
the long-term SSD. Hardness-toxicity relationships from a range of taxa
were used to establish short- and long-term hardness-related equations
to adjust proposed NaCl guidelines based on water hardness. Resulting
water quality guidelines ranged from 478 to 993 mg/L chloride
(short-term) and 108 to 348 mg/L chloride (long-term) at hardness concentrations (as CaCO3) ranging from 50 to 600 mg/L respectively. The
results suggest that current Canadian chloride guidelines for aquatic life
are protective in soft water environments, while being too conservative in
moderately hard to very hard conditions. In general, long-term toxicity
data is limited for chloride, in particular for the potassium, calcium, and
magnesium salts. Furthermore, hardness-toxicity relationships have not
been established for many of the most sensitive species under long-term
chloride exposure. Additional aquatic toxicological research in these
areas is important in advancing a scientifically defensible water quality
guideline for chloride.
418 Developing Toxicity Test Protocols for Native Arabian Gulf
Species for Coastal Marine Zone Risk Assessment
S. Saeed, ExxonMobil Research Qatar / Environment and Water Reuse
Program; N. Deb, ExxonMobil Research Qatar / Environmental; S. Bacha
Ben Said, Environmental Studies Center / Technical; C.S. Warren, J.M.
Dupont, ExxonMobil Research Qatar / Environment and Water Reuse
Program
The Qatari shores of the Arabian Gulf have witnessed significant
development during the past few decades mainly due to oil and gas
exploration, extraction, processing/refining and transport, as well as
growth of tourism and human settlement. While anthropogenic discharges may pose potential risk to organisms in the Arabian Gulf, the
effect of these exposures can be further magnified by natural stressors
such as high temperature and salinity that may already impact physiological function. Furthermore, species native to the Arabian Gulf are
currently poorly represented in data sets used to derive international
water-quality criteria. In order to evaluate the hazards of anthropogenic
exposure, we developed protocols for bioassays involving native species
at different trophic levels. A number of species including phytoplankton (Synechococcus sp.), zooplankton (Uterpina acutifrons), pearl oysters
(Pinctada margarita), sea urchins (Diadema setosum) and killifish embryos
(Aphanius dispar) were subjected to three internationally-used reference
toxicants (DCA; SDS; Zn) and Cl (an important contaminant for Qatari
waters). Results obtained were used to construct a species sensitivity
curve and were then correlated to the sensitivity of other organisms
used as model species. Sensitivity varied across the trophic levels for
each toxicant and was found to be in line with other test organisms that
are used in established toxicity procedures. Toxicants showed different

modes of action. DCA effects were dependent on developmental stages
while SDS and Zn had effect throughout all stages of development. All
five species used were found to be useful for certain types of toxicity testing. For example, Pinctada margarita and Diadema setosum were excellent
in testing for successful fertilization and early development stages, while
local Aphanius dispar embryos were useful for following sub-lethal effects
such as malformation and hatchability. In conclusion, by expanding tests
with these species to evaluate their sensitivity towards other potential
contaminants in the Arabian Gulf, we will further enhance their validation to be adopted as indicator species in marine ecotoxicology and risk
assessment in this region. These efforts are important for assessing environmental risk in the Arabian Gulf and providing science-based tools for
making management decisions.
419 Evaluation and improvements of a mayfly, Neocloeon
(Centroptilum) triangulifer (Ephemeroptera: Baetidae) toxicity test
method
J.M. Lazorchak, USEPA / Office of Research and Development; H. Haring,
The McConnell Group; K. Wyatt, W. Thoeny, S. DeCelles, The McConnell
Group / co USEPA Cincinnati; J. Miller, USGS; A. Dickinson, Illinois
Natural History Survey; T.S. Schmidt, USGS / Water Resouces Div; D.J.
Soucek, Illinois Natural History Survey / Illinois Natural History Survey; D.
Walters, USGS / Fort Collins Science Center
A recently published test method for Neocloeon triangulifer assessed
the sensitivities of larval mayflies to several reference toxicants (NaCl,
KCl, and CuSO4). Subsequent exposures have shown discrepancies
from those results previously reported. To identify potential sources
of variability, the authors measured 7-day growth and survivorship
in NaCl using: (a) 1- vs. 3- vs. 5-day-old larvae, (b) 1-day-old larvae
hatched from freshly collected eggs vs. eggs held in long-term storage
at 4°C, and (c) 1-day-old larvae from four different laboratory cultures
(two USEPA, one USGS and one University of Illinois). Fifty percent
lethal concentration (LC50, mg/L) and 25% inhibition concentration (IC25, µm) point estimates were used to quantify survival and
growth, respectively. Statistically significant differences in survival
were found amongst all cohorts via sensitivity of mayflies at differing
test initiation ages (LC50=616.56, 989.43, 1667.24), with survivorship
positively correlating to age. No significant differences in growth could
be elucidated between different aged treatments. Survival and growth
of fresh eggs (LC50=701.27, IC25=626.56) differed significantly from
eggs stored at 4°C for either three (LC50=394.13, IC25=424.47) or five
(LC50=424.18, IC25=361.28) months, though no significant differences were observed between stored cohorts. A comparison of fresh eggs
from four different laboratory cultures showed no significant differences
in survival or growth. To ensure consistent and sensitive test results we
recommend continuing the use of 1-day-old larvae and freshly hatched
eggs when using this species.
420 Mechanisms of Tolerance to Chlorpyrifos in Resurrected
Daphnia pulicaria Genotypes
A.M. Simpson, Oklahoma State Univ / Zoology; P. Jeyasingh, J.B. Belden,
Oklahoma State Univ / Integrative Biology
Previous research has demonstrated that resurrected genotypes from an
ancestral population of zooplankton, Daphnia pulicaria, have differential toxicity (median effect concentration – EC50) to the common-use
insecticide, chlorpyrifos. Ancient genotypes (1301-1646 A.D.) were
on average more sensitive to this chemical, when compared to the
contemporary genotypes (1967-1977, 2001-2007 A.D.). To gain a
deeper understanding of the mechanisms driving this phenomenon, we
conducted a series of assays with the three most tolerant and three most
sensitive genotypes from the population. Tolerance to chlorpyrifos could
potentially occur through 1) differences in uptake, 2) altered biotransformation/bioactivation of the parent compound, or 3) a modification of
the active site. An uptake study conducted using radio-labeled chlorpyrifos yielded no significant differences in uptake (3 hours) between
the genotypes. However, performing acute toxicity tests using the toxic
metabolite, chlorpyrifos-oxon (CPY-O), reduced the mean variation
in EC50s between tolerant and sensitive genotypes from a 4.7-fold to
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1.6-fold difference in sensitivity. This suggests that the Phase-I bioactivation of chlorpyrifos plays a role in dictating tolerance in this scenario.
In order to address the potential for differential Phase-I breakdown
of CPY-O, a series of identical toxicity tests were performed using
CPY-O and piperonyl butoxide, a known Phase-I metabolic inhibitor. Additionally, potential active site modifications were addressed by
conducting cholinesterase assays. Both constitutive and induced levels
of cholinesterase (the target of CPY-O) activity were measured by the
Ellman Method, modified for analysis on a microplate reader. The results
of this study shed light on the suite of physiological traits that can serve
as potential mediators of pesticide tolerance.
421 A multi-assay evaluation of the sub-lethal effects of Chlorpyrifos
on developing zebrafish (Danio rerio)
T. Curran, B. Venables, Univ of North Texas / Biology
Organophosphate insecticides are widely used in agricultural, residential,
and commercial settings and have been shown to cause developmental
neurotoxicity in a variety of organisms. This class of pesticides inhibits
the enzyme acetylcholinesterase in the synaptic junction of the nervous
system, resulting in a buildup of acetylcholine in the synapse which in
turn causes unregulated stimulation of the post-synaptic axon. This
disruption of the central nervous system can impair locomotion or
ultimately lead to death of the organism. In this study we used a suite
of embryo-larval toxicity assays with zebrafish (Danio rerio) exposure to
sub-lethal chlorpyrifos concentrations to evaluate a variety of biological
endpoints, including developmental abnormalities, locomotion, oxygen
consumption, and non-targeted GC-MS metabolomics. Our long term
goal is to assess the utility of the suite of assays across a range of reference toxicants with distinct modes of action. Response profiles across
the suite of assays will be examined for mode of action specificity and
further elucidation of mechanisms of toxicity over the range of sub-lethal
exposure. Zebrafish were exposed to three concentrations of chlorpyrifos
(150, 300, and 600 ppb) and DMSO (carrier solvent control 0.08%) for
6 days post fertilization with static renewal of exposure solution. The
rate of oxygen consumption in zebrafish exposed to all three chlorpyrifos concentrations was reduced (50.6%, 38.5%, and 47.23% at 150, 300,
and 600 ppb respectively (p< 0.001)) when compared to that of solvent
controls. “Time active” of zebrafish exposed to the high concentration
of chlorpyrifos was reduced to 17.3% of that of controls (p< 0.01), while
“distance moved” was reduced to 19.1% of that of controls (p< 0.01). The
highest exposure of chlorpyrifos also resulted in notochord abnormality
frequency of 71.4% and decreased yolk sac absorption, resulting in an
exposed yolk sac area that was 138.6% of the area of controls (p< 0.05).
Lastly GC-MS metabolomic analysis showed perturbation of lipid and
carbohydrate pathways in the highest exposure concentration of chlorpyrifos. This study demonstrates that chlorpyrifos has adverse effects on a
wide variety of biological processes, only some of which have an obvious
connection to its primary mode of action.
422 Photocatalytic Degradation of Commercial Naphthenic Acids
using Fixed-film TiO2
A.D. McQueen, Clemson Univ / Dept of Forestry and Environmental
Conservation; R.L. Kiekhaefer, Clemson Univ / Dept of Environmental
Engineering Earth Sciences; C.M. Kinley, Clemson Univ / School of
Agricultural Forestry and Environmental Sciences; A.J. Calomeni,
J.H. Rodgers, Clemson Univ / Dept of Forestry and Environmental
Conservation; J.W. CASTLE, Clemson Univ / Environmental Engineering
Earth Sciences
Naphthenic acids (NAs) are a complex group of organic acids solubilized
in oil sands process affected waters and refinery effluents during extraction and processing of crude oil and limit reuse or discharge of those
waters due to ecological risks to aquatic biota. Photocatalytic degradation is a potential innovative treatment approach for NAs. In an effort to
alter exposures of NAs and mitigate potential risks, the overall objective
of this study was to measure photocatalytic degradation of commercially
available NAs using bench-scale fixed-film titanium dioxide (TiO2). The
specific objectives of this study were to: 1) measure the rate and extent
of degradation of commercially available NAs when exposed to natural
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sunlight irradiation in the presence of fixed-film TiO2, and 2) measure
changes in toxicity with treatment in terms of mortality of sentinel fish
(Pimephales promelas Rafinesque) and a microinvertebrate species (Daphnia
magna Straus) in 96-hr static tests. Bench-scale chambers were designed
to target photocatalytic degradation of NAs using irradiation of natural
sunlight and a thin-film layer of TiO2. In this study, high performance
liquid chromatography was used to quantify NAs. At test initiation, mean
concentrations of NAs were 65 mg/L (±5 SD). Naphthenic acid concentrations decreased >92% after a 4-hr exposure to natural sunlight using
fixed-film TiO2 with an average removal rate coefficient of 0.637 hr-1.
There was no measurable NA toxicity for fish (P. promelas) or microinvertebrates (D. magna) after 5-hr treatments using fixed-film TiO2. In
sunlight only exposures, NA concentrations decreased by 42% following
a 4-hr exposure. These results indicate that photocatalytic degradation of
NAs using fixed-film TiO2 can be achieved in relatively short timeframe
(i.e., half-lives ~1 hr) while concomitantly decreasing toxicity to sentinel
aquatic biota. Immobilizing TiO2 on a fixed-film eliminates the need to
amend and recover catalysts, potentially avoiding difficulties in transferring this technology to full-scale.
423 Multiple stressors over multiple generations: assessing the combined risk of climate change and endocrine disruptors
B. DeCourten, S.M. Brander, Univ of North Carolina, Wilmington /
Biology and Marine Biology
Understanding anthropogenic impacts such as climate change and pollution on aquatic ecosystems is essential for preserving biodiversity and
maintaining suitable water quality. As human populations increase it
is likely that these impacts will become more prevalent. The pesticide
bifenthrin is a known endocrine disrupting compound (EDC) found in
urban runoff. Little is known about how elevated temperatures associated with climate change may affect the estrogenic activity of bifenthrin,
particularly in species that exhibit temperature-dependent sex determination (TSD), such as Menidia beryllina. This study investigates the
combined effects of temperature and bifenthrin exposure on reproductive
output in M. beryllina, across multiple generations. Fish in the parental
generation were exposed to bifenthrin, ethinyl estradiol (EE2) (positive
control) and a solvent control (methanol) at 22°C and 28°C for 14 days
prior to spawning trials. Exposure to EDCs and elevated temperatures
were found to decrease the number of fertilized eggs produced. Embryos
in the F1 generation produced during a second spawning event were
exposed to EDCs as larvae (until 21 dph) and then reared to adulthood
(8 months) in clean water at experimental temperatures. In all F1 treatments elevated temperature resulted in fewer viable offspring surviving
to 21 dph. At the time of sexual maturity the F1 generation underwent
spawning trials to assess reproductive output and offspring viability following larval exposure. Sex ratios of the F1 generation were influenced
by exposure to elevated temperature and EDCs, resulting in alteration of
adaptive temperature-dependent sex determination. The F2 generation
produced will be used to determine the effect of parental exposure on
the viability of subsequent generations. Tissues were collected from each
generation to determine whether alterations in gene expression occurred.
Findings from this study will be important in determining how EDCs
will impact organisms with TSD in the face of global climate change.

Alternatives Assessment – Current Technical
Challenges in Implementation
424 Evaluation of the Interstate Chemicals Clearinghouse (IC2)
Alternatives Assessment Guide
J. Rutkiewicz, ToxServices; B. Wang, E. Golden, M. Whittaker, ToxServices
LLC
The goal of an alternatives assessment (AA) is to identify chemicals, materials and/or designs to use in place of hazardous chemicals,
but a single approach may not be appropriate in all cases. In 2014,
the Interstate Chemicals Clearinghouse (IC2) completed the
IC2 Alternatives Assessment Guide (IC2 Guide), which details
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methodologies for completing AAs according three separate frameworks:
sequential, simultaneous, and hybrid. In order to evaluate the effectiveness of the Guide, the Washington Dept. of Ecology funded a project
to conduct AAs using each framework described in the IC2 Guide.
The primary objective of this project was to evaluate the IC2 Guide and
provide feedback on usability and recommendations for improvements,
but a secondary objective was to develop a basis for a future assessment of
alternatives to copper anti-fouling paint, which is scheduled to be phased
out in WA by 2020. Under Task 1 of the project, ToxServices conducted
GreenScreen® Chemical Hazard Assessments to create a Uniform Data
Set (UDS) depicting hazards posed by individual chemicals in paint
formulations identified in reports by CalEPA and USEPA. Under Tasks
2-4, a team led by ToxServices (ToxServices, Massachusetts Toxics
Use Reduction Institute (TURI), and Abt Associates) completed three
independent AAs using each framework described in the IC2 Guide and
referring only to the common UDS and performance, cost/availability,
and exposure data drawn from the CalEPA and USEPA reports. Under
Task 5 of the project, the organizations met to share results and challenges and collaborated to offer recommendations for improving the IC2
Guide. While the organizations came to similar conclusions following
the performance, cost/availability, and exposure assessment modules,
implementation of the hazard module required additional decision-making rules and approaches varied by assessor. In addition, each assessor
handed data gaps differently, which lead to different outcomes between
the frameworks. The report for this project discusses shared challenges
encountered by assessors, including a lack of guidance on decisionmaking strategies and how to interpret hazard data, address incomplete
formulations, and conduct a product-level AA. It also describes module and framework-level challenges and recommendations to improve
readability of the IC2 Guide. While using the IC2 Guide requires some
expertise, it is valuable and flexible resource that meets the needs of a
range of users.
425 From Incremental to Fundamental Chemical Substitution:
Addressing the Lock-In Problem
M. Scheringer, Leuphana Univ of Lüneburg; P. Fantke, Technical Univ
of Denmark / Quantitative Sustainability Assessment Division; R. Weber,
POPs Environmental Consulting
Large-scale screening studies have shown that there may be hundreds of
chemicals with hazardous properties among the several tens of thousands
of chemicals in commercial use. Hence, several chemicals in consumer
products are subject to binding or voluntary phase-out agreements. To
facilitate an actual phase-out process, alternatives assessment is commonly applied as emerging approach to identify potential chemical and
non-chemical alternatives serving as substitutes. However, there are different challenges in assessing and evaluating chemical alternatives. These
challenges are mainly related to similarity in chemical structures and,
hence, similar hazard profiles between phase-out and substitute chemicals, leading to a rather incremental than fundamental substitution.
Further challenges are related to a hampered phase-out process and the
lack of implementing Green Chemistry principles in chemicals design
and lack of Sustainable Chemistry aspects in industrial processes design.
We illustrate the various aspects and challenges of the phase-out agreement process and of the process of assessing and evaluating alternatives
with focus on chemical-by-chemical substitution as currently the most
widely applied option in alternatives assessment of hazardous chemicals.
We discuss in which cases the problem of incremental substitution is
likely to occur and how to strive toward more fundamental changes in
chemical structures without the risk of burden shifting to facilitate a
successful substitution of hazardous chemicals in consumer products. We
explored possible solutions to address the various challenges in chemical substitution and propose an integrated approach of all stakeholders
involved toward more fundamental and function-based substitution
by greener and more sustainable chemicals and non-chemical alternatives. For hazardous chemicals for which (currently) no alternatives
exist, we propose that an adequate end-of-life management is ensured.
Our recommendations finally constitute a starting point for identifying
further research needs and for improving current alternatives assessment
practice.

426 Methylene Chloride Paint Strippers Alternatives Analysis:
Hazard Screening Using GreenScreen® for Safer Chemicals
B. Wang, ToxServices LLC; M. Jacobs, Univ of Massachusetts Lowell /
Lowell Center for Sustainable Production; M. Rossi,Clean Production Action
Methylene chloride-containing paint or varnish strippers are listed as
one of the three Priority Products proposed by California’s Dept of Toxic
Substances Control (DTSC) that require alternatives analysis (AA) to
inform rule-making that leads to elimination/reduction of exposure. The
BizNGO Alternatives Assessment Working Group conducted a demonstration project of the first stage of the AA required by the CA Safer
Consumer Product Regulations to identify potential alternatives and to
evaluate challenges with compliance to the Regulation. Twelve alternative paint stripper chemicals were identified, including ten solvents, one
acid and one base. Initial hazard assessment of these alternatives along
with methylene chloride were achieved with the GreenScreen® for Safer
Chemicals tool, which is a chemical hazard assessment methodology that
is built on the 12 Principles of Green Chemistry and USEPA’s Design
for the Environment (DfE) alternatives assessment method. It evaluates
eighteen endpoints covering human health, environmental toxicity and
fate and physical hazards based primarily on criteria set forth in Globally
Harmonized System of Classification and Labelling of Chemicals
(GHS). The GreenScreen® assessments for two of the chemicals are
publicly available through the Interstate Chemicals Clearinghouse (IC2)
hazard assessment database and ToxServices evaluated the rest of these
alternatives. Although these chemicals are “data-rich”, many of them
lack data on critical human health and/or environmental toxicity and fate
endpoints. ToxServices used a variety of SAR and QSAR tools to fill
the data gaps or to produce supportive evidence in hazard assignments.
Two alternatives, methanol and toluene are GreenScreen Benchmark™ 1
chemicals (“Avoid – Chemicals of High Concern”) along with methylene chloride based primarily on their carcinogenicity, reproductive
toxicity and/or developmental toxicities. Therefore, these chemicals are
excluded from further analyses. The Benchmark scores for most of the
other chemicals are 2 (“Use but Search for Safer Substitutes”). DMSO
has the highest Benchmark score of 3 (“Use but Still Opportunity for
Improvement”). However, it is known to promote the dermal absorption
of other substances, and this should be considered in the AA. Although
limitations exist, GreenScreen® is in general a useful tool in AA for
assessors with and without extensive knowledge in toxicology.
427 Multi-Criteria Decision Analysis methods as a framework for
comparative risk assessment and in the case of insecticide use in pome
fruit production
J.G. Pouzou, Univ of Washington / Environmental and Occupational
Health Sciences; J.C. Kissel, Univ of Washington; C.M. Mastrangelo, Univ
of Washington / Industrial and Systems Engineering; A.C. Cullen, Univ of
Washington / Evans School of Public Affairs; M.G. Yost, R.A. Fenske, Univ
of Washington / Dept of Environmental and Occupational Health Sciences
Selection among multiple alternatives often involves a trade-off among
risks as well as benefits. The pesticides used in pome fruit production
are an illustrative example of a system of alternatives. The registration withdrawal of one previously popular chemical, azinphos methyl,
contributed to recent disruptions of this system. The currently available
insecticides for codling moth control belong to many different chemical classes and occupational exposures to them may be associated with
a variety of potential health impacts, as assessed by a battery of toxicological studies performed during registration. The selection criteria that
drive the use of each pesticide vary among available alternatives, and
there are a number of environmental and situational constraints on the
selection. This pest control system is therefore a good candidate for the
use of decision analysis methods in the estimation of relative popularity
of insecticide classes and for the quantification of risk-benefit tradeoffs
between pesticide alternatives. Interviews were conducted with crop
protection specialists involved in the recommendation of pesticides for
codling moth in central Washington. In these interviews, the criteria
and limiting factors important to pesticide choice were discussed and
assigned weights, and preference thresholds were explored for each
criterion. The specialists were also asked to assign relative values to the
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prevention of potential health impacts evaluated during the registration
process for orchard workers. Probabilistic exposure and dose estimates
for pesticide handlers were calculated for each of ten alternatives based
on data from the Agricultural Handler Exposure Task Force database.
These estimated doses will be paired with dose-response curves modeled
based on toxicological studies submitted to the USEPA by the manufacturer. The resulting risk estimates will be combined with information
from the interviews and characteristics of the pesticides to develop a
decision analysis model using PROMETHEE and GAIA methods. The
models may be used to identify health risk tradeoffs among alternatives
as well as prediction of preferences among emerging chemical classes as
older chemicals decline in use and availability.
428 Methylene Chloride Paint Strippers: Lessons Learned from a
California Consumer Products Regulation Alternatives Analysis
Demonstration Project
M. Jacobs, Univ of Massachusetts Lowell / Lowell Center for Sustainable
Production; B. Wang, ToxServices LLC; M. Rossi, Clean Production Action
The BizNGO Alternatives Assessment Working Group undertook a
demonstration project to investigate compliance with Stage 1 of the
alternatives analysis requirements under the California Safer Consumer
Products Regulation. The project focused on methylene chloride-based
paint strippers, one of the three “priority products” proposed by the
California Dept of Toxic Substances Control in 2014. The analysis
was undertaken from the perspective of a chemical formulation manufacturer, one of the entities targeted by the regulation. The goals of
the project were three-fold: (1) to identify candidate alternatives for
methylene chloride in paint stripping formulations that will likely be
considered in actual/future Stage 1 submissions for this “priority product,” (2) to identify less hazardous alternatives to methylene chloride in
formulated paint stripper products, and (3) to identify challenges and
needs confronting the use of alternatives assessment under the California
Safer Consumer Productions Regulation. The analysis considered those
alternatives that achieved the same functional use as methylene chloride in the paint stripping formulation (i.e., solvent function), and those
alternatives that were within the domain of a chemical formulator to
consider (i.e., other chemical strippers, such as acids or caustics). Twelve
alternatives were identified and prioritized for evaluation using the
GreenScreen® For Safer Chemicals hazard assessment tool. Primary lessons learned from the demonstration project include: (a) existing hazard
assessment tools and resources are available that can identify safer alternatives in a regulatory context; (b) with California requiring examination
of a very broad range of alternatives – for example, from sand paper to
formulated products – it creates a challenging scope to the assessment of
alternatives for a company that manufactures only formulated products;
and (c) the current lack of methods in existing hazards assessment tools
to evaluate and rank a broader array of ecotoxicity hazard endpoints associated with release pathways of concern for consumer products remains a
methodological gap.
429 Results and lessons learned from the multi-disciplinary iNEMI
alternative materials assessment project
C.D. Robertson, Hewlett-Packard; A. Stone, Washington Dept. of Ecology /
Hazardous Waste and Toxics Reduction
A multi-disciplinary team from academia, government, NGOs and
several industry sectors examined key existing materials assessment
strategies (frameworks, methodologies and tools), for the application
and effectiveness in evaluating chemical environmental and toxicological properties. This iNEMI (International Electronics Manufacturing
Initiative, an electronics industry association) sponsored activity is taking
a phased approach and has completed a focused benchmarking exercise, using three representative, industry-relevant chemical substances
(Phthalates, NMP and TBBP-A), as a means of comparing a select list
of assessment tools, which have potential for broad use in the near future.
A gap analysis summary and comparison of key descriptors and key tool
use criteria were evaluated for these representative substances, creating an important reference document that can serve to standardize and
streamline the approach to alternative assessment. Ultimately, the intent
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of this study is to facilitate a more proactive informed decision making
process leading to the use of chemical alternatives with lower impact on
human health and the environment. The results of the first phase of the
project will be presented along with lessons learned.
430 Reverse engineering the PBT paradigm: Designing safer chemicals by applying the lessons learned from alternative assessment
J.L. Tunkel, L. Morlacci, C. Rudisill, M. Kawa, J. Rhoades, SRC, Inc /
Environmental Health Analysis
The alternative assessment process and search for safer chemical substitutes has been growing as a result of economic, health, and regulatory
initiatives. Although comparative chemical assessment methodologies
have matured, the evaluation of safer chemicals generally focusses on
Persistence, Bioaccumulation, and Toxicity; the so-called PBT paradigm. Comprehensive experimental hazard data are available for only
a small percentage of the nearly 100,000 chemicals currently in commerce. To fill these data gaps, PBT assessments generally rely on the use
of Quantitative Structure Activity Relationships (QSARs), analogue
approaches, and read-across to evaluate physical/chemical properties,
environmental fate, aquatic toxicity, and human health endpoints using
a weight of evidence approach. Results from these predictive, interdisciplinary evaluations are evaluated against existing bright line criteria to
arrive at a hazard designation of low, moderate, or high concern. There
are nearly 100 million known chemical substances; a pool of potential
alternatives that is 3 orders of magnitude larger than those currently on
the market, although that also lack experimental hazard data. Although
functional use requirements restrict the alternatives that can be used successfully within a given application, understanding chemical, steric, and/
or electronic trends for P, B, and T designations can inform the selection
of safer alternatives. This process can be envisioned as reverse engineering the PBT paradigm. Understanding the workings of structure-based
QSAR models provides meaningful information on the factors that can
subsequently be used to modify chemical products early in their design
cycle to enhance their safety in a predictable way. Similarly, considering non-quantitative relationships, such as mechanisms of toxicity (e.g.,
initiating event of the Adverse Outcome Pathway, AOP) informs design
choices that influence the relative potency of candidate chemicals. These
approaches will be illustrated using examples taken from the authors
experience in performing alternative assessments.
431 Advancing Alternatives Assessment for Safer Chemical
Substitution: A Research & Practice Agenda
J. Tickner, Univ of Massachusetts Lowell / Community Health and
Sustainability; M. Jacobs, Univ of Massachusetts Lowell / Lowell Center
for Sustainable Production; T. Malloy, UCLA School of Law / Law; S.
Edwards, Univ of Massachusetts Lowell / Lowell Center for Sustainable
Production
The field of alternatives assessment has grown significantly over the
last decade because of increasing marketplace, consumer and regulatory demands to substitute chemicals of concern in consumer products
and manufacturing processes. In March 2015, participants at the
International Symposium on Alternatives Assessment identified a
range of methodological development, research/and or evaluation, and
practice need confronting the field. Needs identified spanned all major
components of an alternatives assessment, including: hazard assessment,
exposure characterization, economic feasibility, technical feasibility, life cycle considerations and decision analysis. Further exploration
of priority research and practice needs was undertaken subsequent to
the Symposium through a review of the published literature as well as
interviews and discussions with leading experts in the field. A committee
with representative participation from academia, industry, government and advocacy sectors was convened to prioritize the suite of needs
identified and to develop a final research and practice agenda in order to
advance the science and practice of alternatives assessment. Key elements
of this agenda will be presented as well as opportunities and challenges
to fill priority gaps.
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Fate and Effects of Metals: Biogeochemical
Perspective
432 Development of a Passive Lignin Porewater Sampler for Metals
S.R. Clough, Haley & Aldrich, Inc / Risk Assessment; J. Occhialini, Alpha
Analytical / Technical Sales; J. Kowalski, Alpha Analytical / Analytic
Chemistry
To date, the best available science has shown that porewater is the “best
predictor of toxicity”, and therefore risk, as the bioavailable fraction of
sediment resides in this medium. Most ecological risk assessments, however, continue to use total (bulk) sediment concentrations to assess risk.
Additionally, biologically based endpoints can be costly to perform and
results are often difficult to interpret without additional toxicity identification evaluation(s). A review of porewater samplers for metals revealed
a strong need for a rapid, reliable screening tool for the measurement
of divalent metals in sediment porewater. We have conducted successful pilot studies using lignin, a by-product of the pulp & paper industry,
which showed this natural polymer will effectively bind heavy metals.
Dose-dependent studies show that the modified lignin has a high capacity for the binding of copper, cadmium, nickel, lead and zinc and that the
polymer would not become saturated under naturally occurring ranges of
pH or at elevated concentrations encountered in contaminated sediments.
Time-dependent studies show that the modified lignin will rapidly
bind divalent metals and therefore the development of a passive screening tool would not require extended deployment periods (< 24 hours).
Experiments with varying doses of equimolar mixtures of these metals
show that the relative binding strength follows the order Pb > Cu > Zn >
Cd (strongest to weakest), most likely due to the known substituents present in lignin (i.e., carboxyl and phenol groups). Early binding experiments
following the use of a hardening agent (polysulfone resin) to form strips of
solidified lignin are promising. These initial studies show strong potential
for the development of a lignin-based porewater sampler that may be used
for rapid field screening of the bioaccessibility of metals in porewater.
433 Effect of NOM and water hardness on DGT prediction of bioaccumulation by yellow lampmussel and fathead minnow
R. Philipps, Univ of Georgia / Savannah River Ecology Laboratory;
R. Bringolf, Univ of Georgia / Warnell School of Forestry and Natural
Resources; G.L. Mills, Univ of Georgia / Savannah River Ecology Lab
We conducted coupled copper exposure experiments with Diffusive
Gradients in Thin-Films (DGT), fathead minnow (Pimephales promelas),
and yellow lampmussel (Lampsilis cariosa) with three different water
chemistries. Nine copper-water chemistry combinations were used to
assess the effect of water chemistry on DGT’s predictive capability for
aquatic organism copper bioaccumulation. Water chemistries utilized
were addition of natural organic matter (NOM: Suwannee River, DOC
2 mg C/L), hard water (alkalinity 109.4 mg CaCO3/L), and control
(soft water, alkalinity 29.8 mg CaCO3/L, DOC < 1 mg C/L) with a
copper range of 0 to 60 µg/L. NOM treatments resulted in decreased
DGT measured Cu. Both hard water and NOM treatments had reduced
free and inorganic Cu compared to control waters. Linear regressions of
DGT measured Cu and fathead minnow bioaccumulated Cu demonstrated significant linear relationships (r2 0.661-0.929) that were higher
than regressions of fathead minnow accumulated Cu with predicted
inorganic Cu (r2 0.573-0.815). Despite having significant linear regressions for two of the water chemistries tested (control and hard water),
yellow lampmussel bioaccumulated Cu was deemed to not be well
predicted by DGT (r2 0.224-0.300).
434 Accumulation of Rare Earth Elements onto naturally occurring
biofilms at three acid mine drainage field sites
L. Ashby, Univ of Ottawa / Earth Sciences; D. Fortin, Univ of Ottawa /
Earth and Environmental Sciences
Rare earth elements (REEs) are an integral component within an
increasing number of advanced materials, including lasers, fiber optics,
superconductors, solar panels, high performance batteries, fuel cells,

and more. Increased use of REE-containing technology is expanding
anthropogenic effects on REE biogeochemistry cycles. REE levels in
marine, freshwater and soil mediums have been noted by many authors
to be increasing during recent years. Acid Mine Drainage (AMD)
environments have been identified as having the potential to have high
aqueous REE concentrations, as a result of the low pH. In addition,
previous studies have observed bacterial mats and biofilms to have high
rates of metal adsorption. This study compares co-existing water chemistry, biofilm chemistry and microbial 16sRNA data from three different
sites affected by Acid Mine Drainage (AMD) to better understand REE
interactions with naturally occurring biofilms under low pH conditions.
Samples were collected downstream from three high-sulphidation epithermal Au-Ag or Cu-Au-Ag deposits affected by AMD. High levels of
trace metals in waters were noted, particularly for aluminum, cadmium,
copper, iron, magnesium, manganese and zinc. All sites had very high
measured sulphur concentrations in water and low pH (average pH of
4.7). The total dry weight REEs measured two to five orders of magnitudes higher in biofilm samples when compared to dry weight REEs
measured in dissolved aqueous co-existing water. NASC normalized
abundance patterns within the biofilm showed conserved middle REE
enrichment, despite variable NASC normalized abundance patterns
observed in co-existing water samples. Results from microbial 16sRNA
indicates that REE adsorption is not a species specific process.
435 Trace elements in bivalve shells: Records of contamination or
contaminated record?
W.A. Shoults-Wilson, Roosevelt Univ / Biological Chemical and Physical
Sciences; A. Fritts, Illinois Natural History Survey; J. Unrine, Univ of
Kentucky; M. Fritts, A. Casper, Illinois Natural History Survey
Since the establishment of long-term bivalve biomonitoring programs
(aka “Mussel Watch” programs) interest has remained in using bivalve
shells as indicators of anthropogenic release of toxic trace elements.
While many authors have included these analyses without question,
the literature is filled with questions about the utility of whole-shells
as biomonitors of pollution. In order to answer this question, a metaanalysis of the literature was first performed. According to that analysis,
bivalve shells may be suitable for only a handful of elements of concern
such as Co, Cu, Mn and Pb, while they appear to be unsuitable for Fe
and Hg. The greatest strength of bivalve shells appears to be in providing a lower variability indicator of bioavailable trace elements. In order
to validate the meta-analysis for freshwater bivalves, element concentrations were studied in native bivalve shells from modern, historic and
prehistoric collections within the Illinois River System. These collections
demonstrated the importance of shell allometry and bivalve species on
within-shell accumulation. It also demonstrated significant trends in
accumulation over a century of collection that reflects the rise in industrialization (Co and Ni) and a shift to organic pesticides (As). However,
archaeological samples may indicate that prehistoric loads of some trace
elements (Cd) were higher than modern loads. Spatial gradients in trace
elements such as Mn appear to reflect a difference in river chemistry
rather than anthropogenic loading. The most important confounding
factor appears to be mussel age, indicating that studies which do not take
this into account may draw unsupported conclusions. In a companion
study, Dreissena polymorphashells from Lake Michigan were compared
to tissues, demonstrating that shell concentrations are less variable than
tissues both spatially and seasonally. These results validated the literature
meta-analysis and indicated that while these shells are likely useful for
monitoring As, Cd, Co, Cu, Mn, Ni, and Zn in freshwaters, they are not
highly useful in monitoring Al, Cr, Hg, Pb and V.
436 Spatial Contaminant Patterns of Metals in a Great Lakes Area of
Concern
J. LaFontaine, A. Grgicak-Mannion, K.G. Drouillard, Univ of Windsor /
Great Lakes Inst for Environmental Research
Sediment Samples from the Huron-Erie Corridor (HEC) (St. Clair
River, Lake St. Clair and Detroit River) were collected using a stratifiedrandom approach in a 2013-2014 survey to evaluate sediment chemistry
and benthic invertebrate communities. The results are compared and
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contrasted with a similar study conducted in 2004 to evaluate spatial and
temporal changes over a 10 year period. The sediment chemistry analyses
consisted of grain size, TOC, total mercury, trace metals, PCBs, PAHs
and OCs. At the corridor scale there were distinct differences noted in
the distribution of organic and metal contaminants. Mercury concentrations were enriched throughout Canadian portions of the St Clair River
and Lake St. Clair whereas organic contaminants tended to be enriched
in nearshore U.S. waters of the Detroit River. A Geographic Information
System (GIS) was used to map and assess hazard index information
while the Getis-Ord GI* geospatial statistic tool was used to characterize
regional zones of high and low contamination for selected contaminants.
Temporal analyses showed no distinct changes in sediment chemistry
with time for most contaminants within the Detroit River, while the St.
Clair River experienced significant drops pertaining to mercury concentrations over a 10-year period (p< 0.01).
437 Factors affecting arsenic mobilization from sediments collected
from a prairie reservoir, Buffalo Pound Lake, Saskatchewan, Canada
L.P. D’Silva, K. Liber, Univ of Saskatchewan / Toxicology Centre; H.
Baulch, Univ of Saskatchewan / School of Environment and Sustainability;
L.E. Doig, Univ of Saskatchewan / Toxicology Centre
Buffalo Pound Lake is a eutrophic reservoir that provides potable water
to nearby major cities. Lake sediments are potentially releasing nutrients
into the overlying water and driving annual blooms, while simultaneously releasing associated arsenic (As). Although the magnitude of
seasonal release of As from Buffalo Pound Lake sediment does not
represent a human or animal health issue, it provides an opportunity to
assess potential mechanisms of As release. Using sediment core incubations, this study investigated the effects of oxygen status and temperature
on metalloid and nutrient mobilization from Buffalo Pound Lake sediments. Sediment cores from four sites (cores collected June, 2014) were
incubated in either oxic or anoxic conditions for 35 days at 20°C, simulating summer conditions. Overlying water was analyzed for dissolved
As, iron, manganese, and phosphorus fractions. A second core incubation (cores collected October, 2014) was conducted using a similar design
with cores from only two of the sites incubated for 105 days at 4°C,
simulating winter conditions. Flux rates for each treatment and site were
calculated and statistically compared by a two-way ANOVA. During
the simulated summer incubation, As release did not significantly differ
between oxic (0.61±0.27 mg/m2/day, n=12) and anoxic (0.73±0.30 mg/
m2/day, n=12) treatments (p>0.05). However, site location significantly
affected As flux rate (p< 0.001). Arsenic remobilization under anoxic
conditions was likely due to dissolution of sediment oxyhydroxides, and
release of associated As into overlying water. Arsenic remobilization
under oxic conditions was likely a result of the formation of anoxic conditions below a thin oxic sediment-water interface, and the inability of
this layer to scavenge As diffusing upward. Site differences in As release
were likely due to differences in sediment geochemistry and As inventory, both of which are currently being assessed. During the simulated
winter incubation, the concentrations of dissolved arsenic did not rise
above background concentrations, regardless of oxygen treatment, and
flux rates were not calculable. It is likely that both microbial and macroinvertebrate activity are inhibited under low temperatures, both of which
influence As flux, thereby preventing remobilization. Overall, the release
rate of As from Buffalo Pound Lake sediments, for a given site, appears
to be more dependent on temperature rather than oxygen status.
438 Release of Metals During Sediment Resuspension Events
K.J. Farley, Civil and Environmental Engineering; K.J. Rader, Mutch
Associates, LLC; R.F. Carbonaro, Mutch Associates, LLC / Civil and
Environmental Engineering
The presence of sulfides in sediments has been shown to play an
important role in sequestering metals (e.g., Cd, Cu, Ni, Pb, Zn) and
in limiting metal bioavailability. This effect has been considered in
regulatory decision-making through static or “snap-shot” measures of
simultaneously extractable metals (SEM) and acid volatile sulfide (AVS)
ratios. A potential weakness in this approach is the oxidation of metal
sulfides and associated changes in metal bioavailability that are likely to
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occur during sediment resuspension events (e.g., due to episodic storms,
propeller-induced disturbances and dredging activities). A reactivetransport model was therefore developed using the TICKET framework
and was applied in evaluating metal release during resuspension in four
laboratory chamber studies. TICKET model results showed that metal
release and bioavailability during resuspension are intricately linked to
iron and metal sulfide oxidation rates, pH buffering, and metal binding
to natural organic matter and oxide surfaces. The TICKET model was
subsequently used in translating laboratory results to metal release in
field-scale assessments for propeller-wash events in harbors. Field-scale
model simulations (which were characterized by lower resuspended mass
concentrations, greater depths and slower gas exchange rates than the
laboratory studies) typically showed small increases in bioavailable metals in the water column during short-term resuspension events.
439 Development of linear free energy relationships for estimating
metal binding to sulfur functional groups present in natural organic
matter
R.F. Carbonaro, Mutch Associates, LLC / Civil and Environmental
Engineering; K.J. Rader, Mutch Associates, LLC; D.M. Di Toro, Univ of
Delaware / Civil and Environmental Engineering
Sulfur is usually found in natural organic matter (NOM) at trace levels
to as much as 1%, and can exist in both of reduced and oxidized forms.
As a component of NOM, sulfur plays a role in metal speciation and
bioavailability and is thought to contribute to strong metal binding
observed at low aqueous metal activities. Previously, we have developed
methods for estimating formation constants for metal binding to monodentate and bidentate ligands containing negatively-charged oxygen
donor atoms (e.g., substituted-carboxylates and phenolates) and neutral
nitrogen functional groups. These methods employ linear free energy
relationships (LFERs) that depend only on the pKa of the ligand(s).
Applying these methods to sulfur groups is complicated by the relative
lack of thermodynamic information for sulfur-containing ligands. This
current work involves development of new estimation methods for metalligand formation constants for ligands with sulfur-containing functional
groups. Information obtained from small organic molecules suggests that
metal-binding to reduced sulfur groups in NOM is considerably stronger
than their oxygen-containing counterparts. This work can be used to
help provide a mechanistic description of metal-binding to sulfur groups
contained in NOM.

Using Population Models to Improve
Ecological Risk Assessment: Balancing
Complexity With Practicality
440 Bringing ecological context to endangered species risk assessments using population modeling: Challenges, opportunities, and a
path forward
K.E. Kapo, Waterborne Environmental, Inc.; V. Forbes, A. Schmolke,
Univ of Minnesota / College of Biological Sciences; S.M. Bartell,
Cardno Entrix; R.A. Pastorok, Integral Consulting, Inc.; M.E. Kern,
Waterborne Environmental, Inc. / Ecotoxicology; D. Perkins, Waterborne
Environmental, Inc.
Current screening-level stages of endangered species pesticide risk
assessments rely on conservative estimation of exposure and effects
based on spatial proximity of species habitat to locations of pesticide use
and conservative effects thresholds (such as “1-in-a-million” individual
mortality). These screening-level thresholds are designed to be highly
protective, but are essentially arbitrary from an ecological standpoint.
Despite subsequent refinements to the exposure and effects assessment
(e.g., more realistic exposure views, species surrogacy and refined habitat
delineation), it remains a challenge to interpret the risk of adverse effects
to a species in an ecologically meaningful way. Population modeling has been recommended in the final steps of an assessment as an
approach for providing greater ecological context through extrapolation
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of individual-level effects to outcomes relevant at the population-level.
Given the large number and diversity of species involved in nationalscale pesticide risk assessments, we propose a pragmatic tiered strategy
for population modeling that aims to incorporate ecological relevance
into risk decision criteria as early as possible in an assessment. We present a tiered approach where “generic” population models representative of
species groups with common life history characteristics are applied in the
early stages of an assessment to provide ecological context to screeninglevel thresholds. This first tier of population modeling can be useful to
inform risk decision criteria and identify species which may require further evaluation using more complex (and resource-intensive) higher-tier
population models. Using concrete examples, we describe how strategic
data organization and exposure/effects refinements can effectively be
combined with established population modeling approaches to add
meaningful ecological perspective to pesticide risk decision criteria at
each tier of a risk assessment. Successful management of endangered
species will require development of a risk assessment framework that is
scientifically robust and pragmatic.
441 Quantifying the population-level level effects of wind energy
development and white-nose syndrome on the federally endangered
Indiana bat
R.A. Erickson, W.E. Thogmartin, USGS / Upper Midwest Environmental
Sciences Center; J.E. Diffendorfer, USGS / Geosciences and Environmental
Change Science Center; R.E. Russell, USGS / National Wildlife Health
Center; J. Szymanski, USFWS / Division of Endangered Species
The Indiana bat (Myotis sodalis; a US Federally Endangered Species)
faces multiple stressors across its range including wind energy development and white-nose syndrome (WNS). Wind energy production has
greatly increased in the United States because it produces electricity
while decreasing greenhouse gas emissions. However, wind turbines
differ from traditional energy development because the turbines are
a dynamic, rather than static, resource that affects dynamic populations. Assessing the risk posed by wind energy on wildlife requires new
frameworks and tools. These approaches must consider both spatial and
temporal variation in energy resources and populations. Similarly, WNS
is a spatially explicit disease that has caused massive die-off of cave bats
throughout the United States. A fungus, Pseudogymnoasus destructans,
causes WNS and has spread across the range of the Indiana bat after first
appearing in New York during the winter of 2006-2007. Understanding
how these two stressors affect the species requires a continental-scale
spatially explicit model. We developed a full-annual-cycle model
covering the entire range of the Indiana bat (approximately the eastern
half the contiguous United States). This model includes dynamic wind
turbine development and white-nose spread across North America. We
found that wind turbines may extirpate smaller winter colonies whereas
WNS tends to decimate larger winter colonies. Together, the two stressors appear to have a synergistic effect when affecting the population size
of the species. Under the worst-case WNS scenarios, the species may
face extinction. Under less severe WNS scenarios, the species’ metapopulation dynamics are adversely affected by wind turbine mortality.
In addition to informing Indiana bat species management, our results
also provide insight into using population models for Ecological Risk
Assessment by highlighting the importance of considering metapopulation dynamics and spatially explicit threats.
442 Spatially explicit case study of estuarine fish following the
Deepwater Horizon Oil spill: Evaluating tradeoffs in model
complexity
S. Raimondo, J. Awkerman, USEPA / Gulf Ecology Division
As ecological risk assessments (ERA) move beyond organism-based
determinations towards probabilistic population-level assessments,
model complexity must be evaluated against the goals of the assessment,
the information available to parameterize components with minimal
dependence on assumptions, and critical knowledge-based uncertainties. We explored model complexity and value of information in a case
study of the sheepshead minnow (Cyprinodon variegatus) exposed to
contaminated oil in Barataria Bay, Louisiana following the Deepwater

Horizon oil spill. Model components were developed and evaluated
through field (habitat suitability, fish distribution, oil distribution),
laboratory (contaminant concentration-response, density dependence),
and modeling (temperature dependent-vital rates, avoidance behavior)
studies. Components were synthesized into a spatially explicit population
model that simulated fish dynamics and projected population growth
from 2009 through 2014 under various scenarios of oil exposure. To
evaluate the differences in levels of model complexity, simulations varied
from temporally and spatially explicit, including seasonal variation and
location-specific oiling, to a simple, deterministic matrix model based
on chronic laboratory studies. Model results were compared to a risk
quotient derived for the study area. The results of this study indicate that
for lower tiered assessments, simple matrix models provide a more quantitative magnitude of risk over a chronic risk quote that is based on the
same information. Seasonal fluctuations in demographic vital rates are
important to include in all scenarios, but are the most important drivers
of population dynamics in spatially implicit or non-spatial scenarios.
For spatially explicit scenarios, the spatial and temporal variability of
contaminant distribution contribute significantly to model outcome and
uncertainty. While accurate contaminant distribution data may not be
readily available for this layer in most situations, we demonstrate how
using a range of approaches for estimating this layer can provide a range
of “best” and “worse” case scenarios from which risk may be evaluated.
Results of the study provide recommendations for applying population
models for small fish in different tiers of ERA.
443 How does temporal variability in model parameters affect the risk
conclusions from MCnest?
M. Etterson, USEPA / ORD NHEERL Mid-Continent Ecology Division
USEPA recently began using the MCnest model for avian risk for
adverse reproductive effects due to pesticide exposure. A more advanced
version is currently under development and beta testing for use with
threatened and endangered birds. For both versions, a species database
has been compiled, containing information such as nest predation rates
during egg-laying and incubation and during the nestling period, duration of renesting intervals following successful versus failed nests before a
female will initiate a new nest, and species typical clutch sizes. This database allows users to compare potential pesticide effects on species with
different life histories. Our current assumption in running MCnest is
that these parameters do not change over the course of a single breeding
season. However, when ecologists have investigated temporal variation in such parameters, they have often found it, particularly in studies
of avian nest survival, though such studies remain infrequent for nest
survival and clutch size, and virtually nonexistent for renesting intervals.
Furthermore, studies that have found temporal variation, often describe
conflicting patterns among species and populations, suggesting that such
variation is dependent on environmental context in which the population
occurs. I explore the importance of such variation to the risk conclusions
produced by MCnest and the potential for such variation to interact with
the timing of exposure events.
444 Design and development of spatially-explicit IBMs and population models for risk assessment: A brief introduction to the HexSim
N.H. Schumaker, USEPA; D. Dishman, Integral Consulting Inc.; A.
Brookes, USEPA
Pesticide impacts on wildlife ultimately result from interactions with
multiple stressors that vary across time and space. Here, we describe a
new simulation framework (HexSim) that is now available for scientists
and managers to develop spatially-explicit IBMs (individual-based models) and spatially-explicit population models, for use in risk assessment.
HexSim is a free, flexible, and mechanistic multi-population modeling
environment within which a vast array landscapes, life histories, and disturbance regimes can be simulated. HexSim models range from simple
and abstract to complex and biologically sophisticated, with simulation
design typically depending on data availability and the questions being
addressed. Development of the HexSim modeling system has taken > 10
years, and was principally guided by the need to better quantify and forecast pesticide impacts on threatened and endangered wildlife and plants.
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This protracted development period has resulted in HexSim’s becoming a
mature and versatile application, even though the model is still relatively
new and not widely known within the risk assessment community.
HexSim will facilitate the exploration of tradeoffs between model complexity, utility, and predictions, as multiple contrasting simulations of the
same system can be developed within this single software program.
445 Individual-based and matrix model approaches for estimating
pesticide risk to an endangered songbird: Model comparison along a
continuum of complexity
D. Dishman, Integral Consulting Inc.; N.H. Schumaker, USEPA; R.A.
Pastorok, Integral Consulting, Inc.
Population models create the potential to improve ecological risk
assessment by incorporating greater realism. Improved realism in risk
modeling addresses the practical need for tools that simultaneously
consider landscape structure, spatially heterogeneous stressors, and
species-specific traits (such as movement behavior). Equally important
are protocols that can guide determination of the processes that must
be captured to achieve a defensible model for a given risk assessment,
and which can be omitted. Direct comparisons that use multiple models
to address the same risk assessment concerns inform such decisions.
However, there are few examples of such comparisons, particularly
between different population modeling paradigms (e.g., matrix, bioenergetics, or individual-based). We use a case study evaluating hypothetical
pesticide risks to a subpopulation of the endangered Streaked Horned
Lark (Eremophila alpestris strigata) in an agricultural valley in Oregon
as a framework for comparing population-level responses predicted
using different modeling approaches. We conducted a three-way model
comparison using a spatially informed matrix-based model (implemented
in RAMAS), a fully parameterized spatially-explicit individual-based
model (IBM), and a hybrid matrix- and IBM approach (the latter two
being implemented in HexSim). We compare the stable population size
and quasi-extinction risk over 50 years predicted for this system from
each modeling approach, and discuss the advantages and limitations
of these tools. We also address the tiers and types of risk assessments
for which these approaches of varying complexity may be best suited.
Ultimately, direct model comparisons such as this will increase the
benefit of population modeling to risk assessments because they will help
model developers and managers select the most appropriate modeling
tools, design, and complexity for their assessment goals.
446 Assessing risks of pesticides to listed species using population
modeling: Case study of an endangered plant
A. Schmolke, Univ of Minnesota / College of Biological Sciences; R.
Brain, Syngenta Crop Protection, Inc. / Dept of Environmental Risk
Characterization; P. Thorbek, Syngenta / Environmetal Safety; V. Forbes,
Univ of Minnesota / Ecology Evolution Behavior
The application of population models to the pesticide risk assessment of
endangered and threatened species is limited to very few cases to date,
although such approaches are explicitly recommended by the National
Research Council 2013 report, Assessing Risks to Endangered and
Threatened Species from Pesticides. In order to foster understanding
of how and what model approaches can inform pesticide risk assessment of listed species, case studies are an essential step. The decurrent
false aster (Boltonia decurrens) is a perennial herbaceous plant species
listed as threatened under the Endangered Species Act for its whole
range. Because its habitat overlaps with corn and soy crop fields, it could
potentially be exposed to herbicides. Here, an individual-based population model is used to project a range of individual-level toxic effects as
measured on other plant species to the population level of B. decurrens.
The species’ life history data were compiled from the literature. We test
the interaction of potential herbicide impacts with other factors recognized to be important for the species. The direct effect of timing of
floods and herbicide application on the species, and via impacts on its
habitat are explored in different scenarios over the course of a relevant
time window, i.e., several growing seasons. The population densities and
extinction risks are compared across scenarios, and used to estimate the
relative impact of herbicides on actual B. decurrens populations. We find
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that potential herbicide impacts on populations depend on other factors
acting on the species, and that shifts in life-history may play a major role.
The model approach demonstrates the importance of taking a population-level perspective for risk assessments. Population-level effects of
pesticides may strongly depend on the characteristics of a species’ habitat
and life history. For the application of population models in pesticide risk
assessment, more examples including different life histories, behavioral
patterns, and habitats need to be explored to inform a general strategy.
447 How fisheries scientists use population models and what we can
learn from their experience
L.W. Barnthouse, LWB Environmental Services, Inc.
Population biology is a unified scientific discipline applicable to all
biological populations, so that successes and failures in other applications can provide valuable insights for population ecotoxicology. In
particular, whereas ecological risk assessors are only now beginning to
integrate population modeling into environmental regulatory programs,
population modeling has been a central component of fisheries science
and management for many decades. Most of the modeling approaches
currently being discussed by ecotoxicologists have already been used by
fisheries scientists to quantify population growth rates, forecast harvests,
or establish sustainable harvest limits. Sophisticated approaches to data
collection and model parameterization and testing have been developed, and institutional mechanisms for evaluating data and models have
been established. Yet, there are significant differences between fisheries
management and regulatory risk assessment that must be recognized.
In regulatory risk assessment the goal is to predict potential future
outcomes, often with limited ability to collect additional data, in order
to prevent adverse effects on populations. In fisheries management the
harvesting process itself provides valuable data for model development
and testing, and fisheries scientists have the opportunity to revise their
models based on new data. This paper will provide a concise summary of
the current state-of-the art in fisheries applications of population biology
and will identify specific aspects of fisheries science that can inform
future developments in population-level ecological risk assessment.
Topics covered will include matching modeling approaches to available
data; statistical methods used in model parameterization; and institutional processes for model evaluation, revision, and approval.

EDCs and Pharmaceuticals in the
Environment
448 The Effects of DOM on the Photochemistry and Toxicity of
Photoproducts of Triclosan and Triclocarban and their Mixtures to
Daphnia magna
K. Albanese, Ohio State Univ / Environmental Science Graduate Program;
Y. Chin, The Ohio State Univ / Dept of Geological Sciences; R.P. Lanno,
Ohio State Univ / Dept of Evolution Ecology and Organismal Biology; C.
Hadad, The Ohio State Univ / Dept of Chemistry and Biochemistry
Triclosan and triclocarban are two ubiquitous anti-microbial compounds
commonly found together in surface waters. Both compounds have been
shown to undergo photodegradation in surface waters, with triclosan
forming a variety of products including 2,8-dichlorodibenzodioxin,
while the degradation products of triclocarban are unknown. Numerous
studies have investigated the toxicity of the parent compounds, particularly triclosan, but little information exists regarding the toxicities of
the photolysis products for either compound or their mixtures. Using
the cladoceran Daphnia magna, we determined 96-hour LC50s for both
parent compounds in EPA moderately hard water in the presence and
absence of dissolved organic matter (DOM) and their photolytic products. From these LC50s we calculated toxic equivalent units (TU) for
each compound and its photolysis products, and then conducted 96-hour
mixture toxicity tests using 0.5, 1, and 2 TUs to determine if mixtures of
these compounds/degradation products exhibit synergistic or antagonistic effects on Daphnia magna. We observed different interactions among
the mixtures, including additive (parent compounds and photolysis
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products) and synergistic toxicities (parent compounds), suggesting that
these compounds are still of concern after photodegradation. GasChromatography, Mass Spectrometry, and Nuclear Magnetic Resonance
(NMR) spectroscopy was used to determine the degradation products
of our compounds, as well as any metabolites in the Daphnia magna.
Results indicated the formation of different and more toxic photolysis
products in the presence of DOM, and toxicity tests were then run using
each photoproduct separately to determine the source of the toxicity. To
correlate the acute lethality of these compounds and products with sublethal toxic effects, 24-hour optical tracking experiments were performed
on D. magna to monitor for changes in swimming behaviors.
449 Fate and biologic effect of progesterone exposure in aquatic
sediment
J. Sangster, Univ of Nebraska / Civil Engineering; S. Bartelt-Hunt, Univ of
Nebraska-Lincoln / Civil Engineering; J.M. Ali, Univ of Nebraska Medical
Center / Environmental Agricultural and Occupational Health; D.D.
Snow, Univ of Nebraska / School of Natural Resources; A.S. Kolok, Univ of
Nebraska - Omaha / Nebraska Watershed Network
Increasing evidence indicates that agricultural production constitutes a
significant source of steroidogenic compounds to aquatic systems. While
progesterone is commonly detected in runoff from animal production
facilities, very little information is available on the fate or biological
effects of progesterone in the environment. Two natural sediments,
a sand and a silty loam, were used to evaluate the differences in both
compound fate and bioavailability of progesterone to adult fathead minnows (Pimephales promelas). Fish were exposed to sediments spiked with
progesterone at initial concentrations of 0, 5, 50, and 500 ng/g. Fish were
harvested after 7 and 14 days of exposure with female fish assessed for
altered hepatic expression of vitellogenin (Vtg), estrogen receptor- alpha
(ER-α), and androgen receptor (AR). Steroid hormone concentration was monitored in water and sediments over the 14 day period and
compared to additional microcosms tracking progesterone degradation
using radiolabeled compound. After 7 days, fish exhibited significantly
lowered expression of hepatic Vtg in the 5 and 50 ng/g treatment groups
as compared to the blank sediment group in the sand with no significant
differences between the silty loam treatment groups for any of the genes
assessed. After 14 days of exposure, there were significant reductions in
the expression of both Vtg and AR in the 50 and 500 ng/g progesterone
in the sand groups and in the expression of Vtg in the same groups for
the silty loam sediments. No significant differences were measured in
ER-α expression for any treatment group regardless of sediment used.
Sediment-associated progesterone remained persistent throughout the
duration of the experiment; however, background noise caused by matrix
effects made detection of steroids in the sediment phase of the exposure
aquaria difficult. Microcosms indicate steroids were found predominantly
in the sediment-associated phase with greater persistence in the silty
loam sediment. Progesterone degradation products included the androgens: 4-androstenedione, 1,4-androstanedienedione, androsterone, and
testosterone, as well as the anti-estrogen, testolactone.
450 Inputs and transboundary fluxes of organic contaminants in the
Lower Red River, Manitoba, Canada
L. Cuscito, Environmental Sciences and Studies; S. Joudan, Univ of Toronto
/ Chemistry; M. Voloshina, A. Hendeson, Univ of Winnipeg; L. Bestvater,
Freshwater Inst / Dept of Chemistry; K. Luong, Univ of Winnipeg /
Richardson College for the Environment; C.W. Knapp, Univ of Strathclyde;
M. Hanson, Univ of Manitoba / Environment and Geography; C.S. Wong,
Univ of Winnipeg / Richardson College for the Environment
The Red River, which originates in the United States transports
contaminants including pesticides, perfluorinated chemicals, human
and veterinary use pharmaceuticals, and personal care products from
its drainage basin into Lake Winnipeg, Canada. Little information
is known to date on occurrence, fate, and potential ecotoxicological
effects of these anthropogenic chemicals in the Lower Red River. Lake
Winnipeg, the 10th largest freshwater lake in the world, is a valued
economical resource in Manitoba; however, water quality has steadily
been decreasing due to factors including eutrophication and chemical

contamination, leading to its named as the most threatened lake in
the world in 2013. An understanding of the loadings of chemicals to
the Lower Red River watershed is vital for understanding sources,
behavior, and effects of such contaminants. Polar Organic Chemical
Integrative Samplers (POCIS) were deployed at various locations along
the Lower Red River as well as Lake Winnipeg in the summers of 2014
and 2015. Concentrations of the corn herbicide atrazine ranged from
2-20 ng/L and 5-1000 ng/L in Lake Winnipeg and the Lower Red
River respectively. Fluxes of atrazine at the U.S. border were up to 15
kg/day and dwarfed those within sub-watersheds in Manitoba (e.g., g/
day), indicating that the main source of atrazine to the Lower Red River
was from transboundary transport. Neonicotinoid insecticides, including
thiamethoxam, showed multiple agricultural input sources from the U.S.
and southern Manitoba with river concentrations ranging from 5-65
ng/L. Various pharmaceuticals, including atenolol and carbamazepine,
were generally detected only downstream of the city of Winnipeg at
concentrations up to 50 ng/L, indicating that sources from upstream cities (e.g., Grand Forks, North Dakota) were attenuated to non-detectable
values before reaching the border. Of the perfluorinated chemicals,
PFOA and PFOS were detected at the greatest concentrations, ranging
from 1-10 ng/L, and showed evidence of diffuse and multiple inputs.
This data will provide information necessary to improving the water
quality of Lake Winnipeg.
451 Assessing the occurrence of wastewater contaminants in
Cambridge Bay, Nunavut: Interpretation and recommendations
L.G. Chaves-Barquero, Univ of Manitoba / Environment and Geography;
K. Luong, Univ of Winnipeg / Richardson College for the Environment; C.J.
Mundy, M. Hanson, Univ of Manitoba / Environment and Geography;
C.W. Knapp, Univ of Strathclyde; C.S. Wong, Univ of Winnipeg /
Richardson College for the Environment
The treatment of municipal wastewater in arctic regions is challenging
due to a variety of financial, operational, climatic and technical issues.
To better understand the efficacy of wastewater treatment under these
conditions, we assessed the occurrence of wastewater contaminants
attenuation and release (i.e., pharmaceuticals, antibiotic resistance
genes, nutrients) from a facility in Cambridge Bay in Nunavut, Canada.
Wastewater treatment in this community is performed by the use of
a lagoon-tundra wetland system that is discharged into the marine
environment and is representative of current common practices. Samples
were collected before and during lagoon discharge from two locations in
the main lagoon, one location downstream from the lagoon effluent and
three locations offshore. Grab samples were collected to measure nutrients (e.g., total nitrogen and phosphorus) and Polar Organic Chemical
Integrative Samplers (POCIS) were deployed to passively collect organic
contaminants in all locations. A total of eight pharmaceuticals were
detected from a screen of 28 analytes: atenolol, carbamazepine, clarithromycin, metoprolol, propranolol, sulfamethoxazole, trimethoprim and
sulfapyridine. The greatest nutrient and pharmaceutical concentrations
were found upstream in sampling spots within or near the treatment
lagoon. This was also the case for antibiotic resistance genes. Locations
downstream and offshore showed drastic reductions in concentrations for
both nutrients and pharmaceuticals. These results indicate that attenuation mechanisms are in place along the wastewater path for all the
parameters reported. It is recommended to perform further assessment of
the system regarding nutrients, antibiotic resistance genes and a broader
suite of pharmaceuticals to monitor possible environmental impacts from
anthropogenic activities.
452 Evaluating the movement of pharmaceuticals in soil, groundwater, and surface water at a municipal wastewater land application site
A.D. McEachran, North Carolina State Univ / Forestry and Environmental
Resources; D. Shea, North Carolina State Univ / Dept of Biology; W.
Bodnar, Univ of North Carolina at Chapel Hill; E.G. North Carolina State
Univ / Nichols, Forestry and Environmental Resources
The occurrence and fate of pharmaceutical and personal care products
(PPCPs) associated with municipal wastewater is of increasing importance in the literature due to documented effects on wildlife, ecosystems,
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and potentially humans. One yet undefined source of entry into the environment of PPCPs is via the land application of municipal wastewater
onto permitted lands, an alternative wastewater treatment and disposal
method that is cost effective and provides added environmental benefits
in terms of groundwater reinfiltration and ecological services for wildlife
that a traditional treatment plant would not. Previous research in our lab
quantified PPCPs in the groundwater below a wastewater land application facility. The objective of this study is to more fully determine the
extent to which PPCPs are mitigated by or exported from managed tree
plantations irrigated with municipal wastewater by quantifying PPCPs
in the irrigated wastewater, soil, groundwater, and surface water. The
study site is a municipality that land-applies primary treated wastewater
onto 3,000 acres of managed hardwood and pine plantations. A suite of
33 PPCPs were targeted in the analysis, which consisted of grab sampling of groundwater and surface throughout the site as well as upstream
and downstream of the land application facility. Additionally, to
determine the extent to which PPCPs were retained throughout the soil
profile before reaching groundwater, three soil depths at three locations
along a transect were sampled and PPCPs were extracted from both the
aqueous and solid fraction of the soil samples. All extracted samples
were concentrated and cleaned-up via solid phase extraction (SPE) and
separation, detection, and quantification of targeted compounds occurred
via LC-MS/MS. The results of this study provide important documentation for PPCP fate and transport in forested land application systems and
potentially advance the use of sustainable technologies for energy production and environmental protection in coupled natural human systems.
453 Rainfall-Induced Runoff of Anthropogenic Waste Indicators
from Agricultural Test Plots Applied with Municipal Biosolids
J.L. Gray, USGS / National Water Quality Laboratory; T. Borch, Colorado
State Univ / Dept of Soil and Crop Sciences Dept of Chemistry; E.T.
Furlong, USGS / National Water Quality Laboratory; J.G. Davis, Colorado
State Univ / Dept of Soil and Crop Sciences; T.J. Yager, USGS / Colorado
Water Science Center; D.W. Kolpin, USGS / Iowa Water Science Center; Y.
Yang, Gulf Coast Research and Education Center
The use of biosolids as soil amendments can result in the presence of
anthropogenic waste indicators (AWIs) in runoff from agricultural sites,
creating the potential for transport to surface waters during rainfall.
This study assessed runoff potential of 69 AWIs, including synthetic
fragrances, detergent metabolites, and fire retardants following application of biosolids to a field. Compounds that persist through wastewater
treatment processes and are present in biosolids are often relatively recalcitrant and thus could also persist in soil after biosolids application. The
agricultural field containing 3 test plots (each 6 m2) had never received
biosolids prior to this study. The plots received artificial rainfall (100year storm equivalent) and runoff samples were collected 5 days prior to
and 1, 9, and 35 days after biosolids application. All unfiltered samples
were isolated by CLLE and analyzed by GC/MS. Some compounds
were excluded from further analysis due to contamination of field blank
samples, and 35 were observed only sporadically in samples. 17 AWIs
were detected in runoff samples with sufficient frequency to evaluate
temporal trends. 4-nonylphenol (NP), sitosterol, coprostanol, cholesterol,
and tris(2-butoxyethyl) phosphate (TBEP) had the highest average concentrations in samples collected on day 1 (6.0, 3.1, 3.0, 2.3, and 1.8 µg/L,
respectively, 100% detection frequency). Only cholesterol and sitosterol, both natural products, were detected in runoff prior to biosolids
application (100% frequency). Individual AWIs exhibited varying trends
in concentration. For most AWIs, runoff concentration is consistent
throughout the study. However, relative to day 1, indole, menthol, and
3-methyl-1H-indole decrease over 90% in day 9 runoff and are absent by
day 35. These results indicate that rainfall can mobilize AWIs from agricultural fields via runoff. For 14 of 17 compounds examined, potential
for runoff during rainstorms persists after three 100-year rainfall events
and the passage of a month. In some cases, the observed concentration in
runoff is comparable to or exceeds concentrations typically observed in
treated wastewater effluent. Thus, rainfall-induced runoff of AWIs from
biosolids should be considered as a potential source of these compounds
to the environment.
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454 Screening of the levels of selected steroid hormones in water
of some domestic and industrial sewerage channels in Cape Town
environment
O.S. Olatunji, O. Fatoki, Cape Peninsula Univ of Technology / Chemistry;
B. Opeolu, Cape Peninsula Univ of Technology / Faculty of Applied Sciences;
B.J. XIMBA, Cape Peninsula Univ of Technology / Chemistry
The occurrence of pharmaceutical residues in different environmental
matrices have become a cause of concern, as a result of their unintended
biological activity such as endocrine disruption in non-target organisms.
Among the most consumed class of drug is the steroid hormones, which
are widely used for birth control, and as growth enhancer in livestock
production. In this study the concentrations of selected steroid hormone
residues were investigated in some urban surface water in Cape Town
environs, in order to evaluate the risk of exposure of aquatic ecosystem to
these substances. Water samples were collected from municipal sewerages at different sample points within two medium density residential
quarters, and two industrial discharge channels. Residues of steroid
hormones in the samples, were extracted and cleaned using solid phase
extraction (HLB-cartridges). The recovered extracts in methanol were
fractionated and detected using a Liquid Chromatograph, coupled to
Mass Spectrometer (LC-MS). The concentration (µg/L) of estrone,
17b-estradiol, estriol, 17a-ethylnyestradiol, and bishohenol-A in the
municipal sewerage water samples were ranged < 0.01 – 0.17, 0.04-0.09,
0.08-0.30, 0.04-0.14, and < 0.01-0.34, respectively; and in the industrial
wastewater samples: 0.06-0.23, 0.09-0.31, 0.07-0.26, 0.07-0.19, and
0.03-0.25, respectively. Significant difference (P< 0.05) exist between
the levels of the hormone residues detected in water from the municipal
sewerage and the industrial wastewater channel. This may probably be
due to the domestic sources loading rate, which is associated with pattern
of drug use, compared with industrial production operations which is
nearly non-stop.
455 Attenuation of pharmaceuticals along rivers: A major source of
transformation products?
Z. Li, Stockholm Univ / ACES; A. Sobek, Applied Environmental Science
ITM; M. Radke, Inst for Hygiene and Environment / Environmental
Laboratory
Previous research has demonstrated the importance of biotic and abiotic
processes for the attenuation of pharmaceuticals in the aquatic environment, with certain transformation products (TPs) formed at relatively
high yields. Still, there are considerable knowledge gaps with respect to
the relevance of TPs on the field scale. The presented work addressed
these knowledge gaps by simultaneously quantifying the fate of both parent pharmaceuticals (PPs) and TPs in situ. We carried out experiments
in four rivers in Sweden and Germany with different hydraulic boundary conditions, and measured 19 PPs and 11 characteristic TPs in the
surface water of a river stretch downstream of a sewage treatment plant
(STP) outfall. One-day composite samples were taken over a period of
one week with automatic water samplers at both ends of the stretch: the
upstream sampling site was located directly after the complete mixing
of the STP effluent and the river water, while the downstream sampling
site was located averagely 10 km further but before the next main source
of organic micropollutants into the river. As a supplementary sampling approach, polar organic chemical integrative samplers (POCIS)
were deployed during the same period. To infer the fate of both PPs
and TPs along the reach, we used fluconazole as a persistent reference
compound to count for dilution and calculated the relative attenuation
rates for the other compounds based on their corrected concentrations.
Furthermore, the concentrations of the TPs relative to those of their PPs
were calculated to diagnose a relative change in TPs along the reach.
In general, 16 out of 19 PPs were detected; all expect acesulfame and
carbamazepine were attenuated along the river stretch, with the largest
decrease observed in the river that can be expected to have the most
intense water-sediment exchange. Eight out of 11 TPs were detected at
the upstream sites while the ratios to downstream concentrations were
close to one in all rivers, suggesting STPs are a more pronounced source
for TPs to the surface water than the in situ transformation of their PPs
in this case. Moreover, for both PPs and TPs the upstream/downstream
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concentration ratios obtained using the automatic water samplers agreed
well with those from POCIS, indicating that POCIS are a useful tool for
monitoring the attenuation of organic micropollutants under field conditions in a quantitatively valid way.

Pesticide Dose and Exposure: Effects on
the Environment, Target and Non-Target
Organisms
456 Pesticide dose: Using conceptual models of exposure to understand risks
K.R. Solomon, Univ of Guelph / School of Environmental Sciences
The dose of the pesticide that reaches the target cellular components
in the pest is the determinant of the ability to control the pest. It is
also the determinant of effects in non-target organisms (NTOs). What
differentiates a pesticide that can be safely used with little or no effects
on non-targets from a non-selective chemical is the extent to which the
pathways of exposure and the target system(s) differ between the pest
and the NTO. Differences in sensitivity at the target system of the pest
or the NTO relate to the toxicodynamics of the pesticide, however, the
pesticide must travel from the sprayer, hopper, or seeder to the target
system before any response will occur. The pathway of exposure relates
to the fates of the chemical in the environment and toxicokinetics of
the chemical in the affected organisms. Differences in these pathways
between target and NTOs can provide selectivity or result in harm.
Thus, in assessing risks of pesticides in the environment, the exposure
pathways must be understood to correctly characterize risks. Even in an
ecologically simple agroecosystem, there are thousands of possible pathways of exposure and it is necessary to narrow these down to the few that
are primary determinants of the dose in the pest or the NTO. This is best
achieved through the use of conceptual models of exposure that consider
the methods of application, the inherent physical and chemical properties of the chemicals and/or the formulation, and the environment in
which they are used. Starting with all possible pathways, the properties
of the pesticide can be used to eliminate those that less likely and focus
the most important ones that can then be tested with risk hypotheses.
Examples of conceptual models for pesticides will be used to illustrate
how they are used. These examples include over-crop boom spray; preplant soil applied; and coated seed methods of application, the latter with
a focus on non-target pollinators.
457 Indirect effects of herbicides on biota in edge-of-field habitats:
current understanding and research needs
R.S. Prosser, Environment Canada / Canada Centre for Inland Waters; J.
Anderson, Stantec Consulting Ltd. / Dept of Chemistry; M.L. Hanson, Univ
of Manitoba / Dept of Environment and Geography; K.R. Solomon, P.K.
Sibley, Univ of Guelph / School of Environmental Sciences
Herbicides have become an essential component of crop protection
practices. While there is little debate about the importance of herbicides
in agriculture, concerns have been raised regarding the potential for
negative, non-target effects on the fauna and flora that live within, or
pass through, agricultural landscapes. Herbicides cannot only be detrimental to biota through direct exposure, which is of greatest relevance
to plants, but can also indirectly affect biota by impacting plants that
organisms require for survival and/or reproduction. Here, we present
the findings of an extensive review of the large body of literature that
has examined the non-target effects of herbicides on biota (invertebrates
(Lepidoptera, Araneae), birds, and mammals), in order characterize
our current knowledge on the indirect effects of herbicides on biota in
edge-of-field habitats and the experimental approaches used to assess
indirect effects. An important finding of our review of the literature was
that the majority of studies (>90%) investigating the indirect effects of
herbicides in edge-of-field habitats used a magnitude of exposure that
would not be relevant under current best management practices in agriculture. Further, no studies considered or attempted to mimic how the

architecture of the edge-of-field habitat would modulate exposure from
the most likely mode of exposure, i.e., spray drift. Along with outlining
these types of missing components in experimental design, we also identify the gaps in our knowledge and provide recommendations for future
research that quantify the indirect effects of herbicides in edge-of-field
habitats.
458 Monitoring unintentional effects of plant protection products and
other environmental contaminants on non-target species: how can we
manage ?
P. Berny, VETAGRO-SUP / Toxicology
Plant Protection Products and other environmental contaminants may
have detrimental effects on the health status of wildlife vertebrate species. Current European regulations require that Non Target Species
effects be monitored and used in the overall environmental evaluation of
pesticides. The use of wildlife incident monitoring schemes is considered
a good indicator of visible mortality and acute toxicity events. Some
countries already have schemes reporting these events. In all instances,
these schemes are passive monitoring schemes, collecting animals found
dead and submitting these animals to necropsy and other investigations to identify the cause of death. Reports from such schemes will
be presented to show how these data can provide valuable information.
Evidence from long-term monitoring schemes also shows that nationwide management decisions may be detected, provided robust temporal
and spatial tools are used. More recently, active monitoring schemes
or programs have been implemented, focusing on a specific issue. An
active monitoring scheme will actively promote the collection of animals/
samples with regular provision of information, phone calls, field visits…
to stimulate sample recovery and submission to the schemes. Regular
targeted monitoring of selected species / toxicants / areas should also be
considered among other tools. Large scale monitoring systems could be
associated in a broader way than generally considered to generate data
that can be analyzed to identify trends, exposure and epidemiological evidence of non-lethal or even subclinical effects, with appropriate
statistical tools. It appears also desirable to be able to monitor more
subtle, non lethal effects, including reproductive effects. Recent publications focused on the detrimental effects of PPP on the survival of Grey
Partridges in relation to the PPP use and population modeling could
determine the potential impact of several PPP on bird survival after
inclusion of pertinent toxicological information. The cost and complexity
of such studies, as well as the lack of generalized methodology for population modeling may limit this approach to selected issues. However,
existing schemes of bird watchers, already providing regular information
on the bird population and/reproductive status could be associated with
large-scale PPP use information.
459 Improvements on the Methodology for Assessing the Effects of
Commercial Test Substances on Beneficial Non-Target Honey Bees
in a Laboratory Setting
M. Huang, Eurofins Agroscience Services / Ecotoxicology
Honey bees are important primary pollinators used in the production
of a wide variety of fruits, vegetables and seeds. They also contribute to
the preservation of a multitude of wild flowering plants because of their
frequent flower pollination activity. As agricultural practices continue
to increase the use of test substances to control for crop pests, it is also
becoming more important to test the effects of these test substances on
beneficial non-target organisms such as honey bees. Presented here are
improved laboratory techniques to examine the effects of test substances on honey bees when exposure occurs during the larval and adult
developmental stages. The following four specific types of studies will
be discussed: (1) adult acute 48 hr exposure (oral and contact), (2) adult
chronic 10-day exposure (oral), (3) larval single exposure and (4) larval
repeated exposure. Results of these tests provide commercial industries
with critical information for product development and help with the
selection of proper application concentrations.
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460 The art of arthropods: Crafting a new paradigm for listed terrestrial invertebrates in pesticide risk assessment
C. Aubee, USEPA / Office of Pesticide Programs; K.V. Garber, Office of
Pesticide Programs Environmental Fate and Effects Division; M.A. Panger,
S. Carey, D. Schuler, USEPA / Office of Pesticide Programs
Terrestrial invertebrates comprise the bulk of terrestrial animal species
diversity and biomass. As pollinators, decomposers, predators, and prey,
they are critical to ecosystem health. Although pesticide risk assessment
in the United States has historically been focused on honey bee (Apis
mellifera) health, Endangered Species Act assessments may be better
informed by also considering data for non-Apis species. We present strategies for assessing exposure and hazard to listed terrestrial invertebrates
using a tiered meta-analysis of guideline toxicity tests and open literature
data. We briefly discuss data trends and challenges using a well-characterized insecticide as a case study chemical. Ultimately, the creation
and standardization of assessment techniques for diverse invertebrate
species, particularly arthropods, will allow existing data to be leveraged
to address evolving protection goals with greater efficiency and fluidity.
461 Glyphosate Hormesis: An Overview
S.O. Duke, USDA / Agricultural Research Service
Glyphosate is used in greater amounts than any other herbicide, but
we still know relatively little about its effects on plants at low doses.
Stimulation of growth by lows doses of glyphosate (hormesis) is commonly observed in detailed glyphosate dose/response experiments.
Ultra low doses of glyphosate are used to enhance sugar production in
sugarcane. To some extent, there is an inverse correlation between how
herbaceous a plant is with the amplitude of the hormetic effect, with
growth stimulation reaching close to 100% in some woody plants under
some conditions. The hormetic effect of glyphosate is affected by plant
developmental stage, environmental factors, and whether the plant has
been previously exposed to glyphosate. Low doses of glyphosate can
enhance flowering and seed production. Although low doses of glyphosate show promise for enhancing crop yield, the hormetic dose and
hormetic response are too unpredictable in field situations for such use at
this time. Two mechanisms for glyphosate hormesis have been proposed:
1) enhancement of photosynthetic activity and 2) reduced movement of
carbon in to lignin. These possible mechanisms will be discussed along
with the environmental implications of low doses of glyphosate on nontarget plants.
462 The time factor in dose response relationships - old ideas in new
light
J. Purdy, Abacus Consulting Services Ltd.
The Druckrey Kupfmuller equation for toxicity vs time of exposure has
seen renewed interest in recent years in ecotoxicology. While it is known
to have limitations, particularly where uptake and depurition may be
limiting, it provides a good fit to data in cases such as inhalation toxicity where uptake stops when exposure ends. It also has applications in
aquatic toxicology. Results will be presented using published literature
to illustrate the uses and misuses of this important and often overlooked
mathematical model.
463 Application of a tiered approach to assess aquatic risks posed by
pesticides in an intensive irrigation scheme
V. Wepener, North-West Univ / Unit for Environmental Sciences and
Management; T.M. Ross, Enviross; P. van den Brink, Alterra and
Wageningen Univ
The Crocodile River irrigation scheme is the largest in South Africa. In
this study we applied a tiered approach consisting of predictive models, laboratory bioassays and field-testing to evaluate the risks posed
to adjacent aquatic ecosystems by the pesticides used in this irrigation
system. The PRIMET and PERPEST models provided preliminary
estimates of risk for pesticides and could be used effectively in South
Africa. The results of the tiered risk assessment approach indicated that
several pesticides have the potential to impact non-target species within
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the aquatic ecosystem. Overall, deltamethrin was identified to pose the
highest probability of risk to aquatic macroinvertebrates. Laboratory tests
confirmed the highly toxic nature of the pesticide to organisms occupying the study area. It was established that confidence of the models
could be increased if local species were incorporated into the model
databases. This study also demonstrated the usefulness of combining the
series of tests using the DEEEP approach and the role this approach
could play in assessing the toxicity hazards in river water samples that
receive agricultural inputs and how this approach can be incorporated
into national monitoring programmes. The integration of results from
multiple assessment endpoints can be integrated into a tiered Weight of
Evidence (WoE) approach to determine environmental impacts within a
study site. The WoE approach followed proved to be useful in discriminating between relatively unimpacted reference, urban and agricultural
impacted sites and assigning a hazard category representing negligible
or no (A category), low (C category) and moderate (D category) hazards
for each group of sites, respectively. Downstream agricultural impacted
study sites were expectedly the most impaired and although not definitive, pesticides were found to be an important stressor component to
the system separating these sites from urban impacted sites. His study
assessed a number of multidisciplinary approaches and successfully demonstrated the overall hazardous impacts (both urban and agricultural).

Contaminated Sediment Remediation:
Assessing and Measuring Remedy
Effectiveness
464 Trends in Pesticide and Flame Retardant in Sediment and Fish
from the Pine River, MI Associated With the Velsicol Chemical
Superfund Site
F.S. Dillon, CH2M Hill; T. Alcamo, USEPA Region 5; D. Rockafellow,
MDEQ; R. Bayer, T. Von Wallmenich, CH2M Hill
A variety of Industrial operations have occurred adjacent to the
Pine River, in St. Louis, MI beginning in the mid-1800s until 1977.
Michigan Chemical Corporation (MCC) in 1935 purchased the
property and operated a chemical manufacturing business that produced a wide variety of products at, including fire retardants, such
as polybrominated biphenyls [PBB]; hexabromobenzene (HBB);
tris (2,3-dibromopropyl) phosphate [TRIS]); and pesticides dichlorodiphenyl trichloroethane [DDT]. MCC was subsequently taken over
by Velsicol Chemical Corporation. Significant releases of DDT and
brominated flame retardants to the Pine River occurred throughout the
period of operation. The site was listed as Superfund Site and currently
consists of two active Operable Units (OUs). OU1 consists of the former
plant site, OU3 includes the Pine River and adjacent floodplain areas
downstream of the St. Louis hydroelectric dam to the confluence of the
Pine, Chippewa, and Tittabawassee rivers near Midland, MI. USEPA
removed an estimated 640,000 cubic yards of contaminated sediments
containing approximately 222 tons of DDT from the Pine River above
the St. Louis dam between 2000 and 2006. Prior to the sediment remedial action (RA) total DDT concentrations ranged from 1.3 to 32,600
parts per million (ppm). After the sediment RA Surface-area Weighted
Average Concentrations of total DDT in riverbed in the excavated area
were 1.38 ppm in 2006 and 0.46 ppm in 2010. The Michigan Dept
of Environmental Quality (MDEQ ) conducted sediment sampling
between 2003 and 2011 in OU3. In addition, MDEQ has been sampling
fish in the Pine River for tissue analysis since the 1990s. The sediment,
and fish sampling was supplemented by the United States Environmental
Protection Agency (USEPA) in 2010 and 2013. The focus of this
investigation is on the trends in PBB, HBB, and total DDT in sediment
and fish in OU3. Systematic sampling of the Pine River downstream of
the St. Louis dam indicates the total DDT in some locations is elevated
above the 5 ppm remediation target in the 1999 Record of Decision. The
maximum concentrations tend to decline downstream. Average sediment concentrations in the area immediately downstream of the dam
are below the remediation target. The same is true for PBB and HBB.
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Concentrations of total DDT in fish tissues have been declining with
time, and it appears that the sediment RA in 2006 had a significant
positive impact on reducing the uptake of DDT by fish in the Pine River.
465 Measuring food web tissue contamination and DNA damage
in response to remediation of PCB contaminated sediments in the
Ottawa River Area of Concern
J.M. Lazorchak, USEPA / Office of Research and Development; J. Meier,
USEPA / NERL Ecological Exposure Research Division; K. Fritz, M.
Mills, USEPA; P. Wernsing, USEPA / Office of Research and Development;
H. Haring, The McConnell Group; D. Walters, USGS / Fort Collins Science
Center; J.M. Kraus, USGS; B.M. Armstrong, Michigan State Univ /
Fisheries and Wildlife
The Ottawa River lies in extreme northwest Ohio, flowing into Lake
Erie’s western basin at the City of Toledo. The Ottawa River is a
component of the Maumee River AOC as defined by the International
Commission. The Ottawa River is approximately 45 miles long; however,
the 2009-2010 remediation project took place in the lower 8.8 miles of
the river where urban and industrial activities have had a detrimental
impact on the river as a beneficial resource. The primary COCs at the
site are PCBs, PAHs, inorganics (principally lead), and oil and grease.
Approximately 260,000 yd3 of contaminated sediments were removed
from the study reach. Removal was accomplished through dredging
in targeted areas within 3 reaches of the river where COCs exceeded a
target level. The overall objectives of this research effort are twofold: 1)
Develop chemical, physical, and biological tools and approaches to evaluate the quantity and sources of post-dredge residuals; and 2) Develop an
approach to quantify remedial effectiveness using chemical, physical, and
biological tools and approaches. This presentation will focus on 2 of the
biological tools: assessing response of various trophic levels to changes in
tissue concentrations of PCBs and PAHs and DNA damage in Brown
Bullheads. From 2009-2013, pre- and post-remedy sampling of fishes
representative of different trophic levels was conducted via electroshocking and fyke net sampling. Fishes collected were largemouth bass, brown
bullhead, white suckers, sunfish (e.g., pumpkinseed), gizzard shad, and
small short-lived adult fish (SSLAF); including bluntnose minnows and
emerald shiners. Our hypothesis was that SSLAF would show changes
in tissue concentrations of PCBs sooner than higher trophic levels due
to their short life cycles of 2-3 years. Results for the entire project area
(across 3 reaches) indicate that tissue concentrations at all trophic levels
and DNA damage in brown bullheads increased during-dredging
then declined in subsequent years. Wet weight PCB concentrations
indicated that, after 3 years post-dredging, gizzard shad and emerald
shiners showed lower tissue concentrations compared to pre-dredging;
tissue concentrations for Largemouth Bass and white suckers showed
no change tissue concentrations compared to pre-dredging. There were
differences in tissue concentrations among the 3 reaches studied, as well
as year to year differences in the percent lipids by species and by reach.
PAH data is currently being analyzed and will also be presented.
466 Evaluation of Native Benthic Invertebrate Community Response
to In Situ Activated Carbon Sediment Remediation Treatment
M.M. Grover, J. Arblaster, Ramboll ENVIRON; V.J. Kirtay, SPAWAR
Systems Center San Diego / Energy and Environmental Sustainability;
B. Chadwick, SPAWAR Systems Center San Diego / Energy and
Environmental Sciences; J.M. Conder, Geosyntec Consultants; V.S. Magar,
Ramboll ENVIRON / Ecology Sediment Management
As part of the demonstration of in situ sediment remediation treatment
with reactive amendments, two to three inches of AquaGate+PAC™
(a composite aggregate coated with activated carbon) was placed on a
0.5-acre target area to reduce polychlorinated biphenyl (PCB) bioavailability in sediment underneath and adjacent to Pier 7 of the Puget Sound
Naval Shipyard & Intermediate Maintenance Facility in Bremerton,
Washington. Material was added to sediment to target an increase of 0.04
g activated carbon/g sediment in the top 10 to 15 cm of sediment. As part
of the performance objectives for this demonstration, potential effects of
the amendment on the native benthic invertebrate community were evaluated. Benthic community census was completed at ten stations within the

amendment area and four reference stations adjacent to the amendment
area. Monitoring occurred two months prior to amendment placement
(baseline) as well as 10 and 22 months after the amendment. Results for
the first two post-amendment monitoring events indicate the benthic
community was unaffected by the amendment (the 33-month event and
corresponding biological analyses will be complete and reported in this
presentation). Nematode taxa dominated the benthic community in the
baseline, although they were absent in both the amended and unamended
areas at the 22-month event, suggesting a system-wide disappearance
of nematodes unrelated to the amendment. Total abundance of nonnematode taxa were not significantly different in the 10- and 22-month
monitoring events for both amended and unamended stations when
compared to the baseline. Diversity (Shannon-Wiener H’) significantly
increased at the amended stations in 10- and 22-month monitoring events
compared to the baseline, although this was due to the decrease in the
overabundant nematode taxa. Similar significant ecologically-positive
effects on non-nematode taxa were indicated by dominance and evenness indices. Additional replication of sampling efforts in July 2015 will
continue to track the long-term health of this community.
467 Bioaccumulation Monitoring and Modeling of PCBs after the
first full-scale application of activated carbon to a 5-acre lake in
Mirror Lake (Dover, DE)
E. Patmont, U. Ghosh, Univ of Maryland Baltimore County / Chemical
Biochemical and Environmental Engineering; R. Greene, State of Delaware
/ Dept of Natural Resources and Environmental Control Site Investigation
and Restoration Section; J.G. Cargill, IV, Delaware DNREC-SIRS / Dept
of Natural Resources and Environmental Control Site Investigation and
Restoration Section
The first full-scale remediation project in North America to use direct
placement of activated carbon (AC) was completed in November 2013
at Mirror Lake, a 2-hectare lake on the Saint Jones River in Dover,
Delaware, USA. Conceived and funded by the Delaware Dept of
Natural Resources and Environmental Control (DNREC), the remedy
at this site aims to enhance the sorption capacity of native sediments
in the lake to reduce the availability of bioaccumulative contaminants
including polychlorinated biphenyls (PCBs), dioxins/furans, organochlorine pesticides, and mercury, all of which currently contribute to fish
advisories in the lake. In November 2013 a relatively uniform application of approximately 79 tons of SediMite® pellets, a proprietary system
for delivering AC treatment materials, was conducted over a two week
period. In addition to sediment remediation, the Mirror Lake project
also incorporated habitat restoration features, including inter-tidal
wetlands creation, bank stabilization using coir logs and rock vane flow
diversion. Sediment cores taken from Mirror Lake 1-year after treatment show mixing of the activated carbon layer about 4 inches into
the sediment. The effectiveness of the AC treatment is being evaluated
by monitoring bulk sediment, sediment porewater and surface water
concentrations over time, as well as benthic invertebrate and fish tissue
bioaccumulation. Samples taken before as well as 1-year after AC treatment show reductions in porewater and overlying water, and resident
fish tissue of 78%, 72%, and 53-59%, respectively. In order to predict the
effectiveness over time of the AC treatment a site-specific bioaccumulation model will be applied to data collected before and after the activated
carbon treatment. Bioaccumulation modeling will be used to predict
PCB reductions in common gamefish of Mirror Lake. An important
factor in PCB accumulation from and recovery in Mirror Lake is the
influence of ongoing inputs from stormwater and other unregulated
sources. The bioaccumulation model will need to address ongoing inputs
from sedimentation as well as the mixing of these ongoing sources into
the AC treated layer in order to ultimately predict when the fish advisories might be lifted for the organic contaminants in Mirror Lake.
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468 Source apportionment of PCDD/Fs in the Passaic River
M. Khairy, Univ of Rhode Island / Graduate School of Oceanography;
K. Barrett, Manhattan College / Civil Environmental Engineering; R.
Lohmann, Univ of Rhode Island / Graduate School of Oceanography
Polychlorinated dibenzo-p-dioxins and dibenzofurans (PCDD/Fs) are
among the most toxic organic contaminants resulting from anthropogenic activities. Due to stringent emission controls, concentrations have
declined strongly, and the importance of sources has shifted over time.
Positive matrix factorization (PMF) was applied to identify the sources
of PCDD/Fs measured in surface and deeper sediments of the lower
Passaic River and Newark Bay (NJ, USA). Concentrations in surficial
sediments ranged from 330 pg/g dw (above Dundee Dam) to 6,400 pg/g
at the Diamond Alkali Superfund site (river km 5.0). Higher chlorinated
congeners (hepta- and octa-chlorinated) dominated the sediment profiles. Five source profiles were extracted from the PMF model including
wastewater/stormwater effluents, combustion, polychlorinated biphenyl
impurities, mixed urban sources and the historical contamination from
the former Diamond Alkali plant (DAP). DAP source fingerprint was
the main source of PCDD/Fs in the Passaic River in sediments dated as
1954 and 1976, whereas mixed urban sources dominated Newark Bay.
In terms of toxicity, 2,3,7,8-TCDD from the DAP dominated overall
toxic equivalents in the lower Passaic River and Newark Bay. Sediment
concentrations have strongly declined over time, but continue to exceed
sediment quality guidelines for the protection of benthic species, fish
and human health. Accordingly, further actions and control measures are
needed to reduce the emission of PCDD/Fs from ongoing sources.
469 The effect of sediment AC amendment on pelagic and benthic
exposures to fish
H. Fadaei Khoei, Univ of Maryland Baltimore County / Civil and
Environmental Engineering; A. Watson, A. Place, Univ of Maryland Center
for Environmental Science / Inst of Marine and Environmental Technology,
Columbus Center; J.P. Connolly, Anchor QEA, LLC; U. Ghosh, Univ of
Maryland Baltimore County / Chemical Biochemical and Env Engineering
In-situ amendment of sediment with activated carbon (AC) has been
shown to reduce body burden of polychlorinated biphenyls (PCBs) in
benthic invertebrates. However, the effect of PCB bioavailability reductions on fish uptake has not been widely monitored and quantified. A
previous study by the authors showed decreased uptake in zebrafish
after AC amendment of the sediment. This study sheds light on how
pelagic and benthic feeding fish respond differently to AC treatment by
using mummichog (Fundulus heteroclitius) and catfish (Corydoras aeneus)
in laboratory aquarium experiments. Porewater, surface water, and fish
tissue concentrations were measured in tanks containing either clean
sand, PCB-impacted sediment or PCB-impacted sediment treated in
the field with 2.5% by dry weight AC. Sediments were collected in 2012
from Grasse River AC-pilot study site, NY. Benthic worms (Lumbriculus
variegatus) were exposed to untreated or treated sediments prior to
the experiment and were used as food for the fish in the untreated and
treated tanks, respectively. AC treatment resulted in 97% reduction in
total PCB concentration in porewater and 91% reduction in overlying
water. Uptake of PCBs in worms exposed to treated sediment was less by
70% compared to worms exposed to untreated sediments. Overall, the
uptake of PCBs was much higher in the mummichog than in the catfish
likely due to different respiration rates, which affected the kinetics of
PCB uptake. The difference in body burdens between the two fish was
smaller in the treated tanks than in the untreated tanks. This is possibly
because overlying water concentrations were lower in the treated tanks,
thereby minimizing the effect of differences in respiration rate between
the two fish species. After 90 days of exposure, both fish showed reduced
uptake of PCBs in tanks with sediment treated with AC (34 and 74% for
catfish and mummichog, respectively). Ongoing work on bioaccumulation modeling is looking into the kinetics of uptake in the two fish and
different exposure pathways based on differences in swimming/foraging
behavior. A comparison of observed and modeled bioaccumulation will
be presented. Results from this work can provide insight into estimating
uptake through ingestion and water for fish with different behavior when
considering AC amendment as a remedy alternative.
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470 Analysis of bioremediation processes in oil contaminated shoreline sediments
T. Størseth, SINTEF / Environmental Technology; R. Netzer, SINTEF
/ Environmental Technology; A. Wentzel, SINTEF / Biotechnology and
Nanomedicine; O.G. Brakstad, S. Ramstad, SINTEF / Environmental
Technology
Offshore oil-spills often reach shorelines where they can persist and
have severe effects on the marine environment. Shoreline bioremediation has become a promising secondary method for the restoration of oil
polluted areas. However, information about oil degradation processes
during bioremediation in sediments is limited. We have used a lab-scale
column system to mimic oil spill at sandy shorelines with rising and
falling tide at 20°C. Crude oil biodegradation was studied over a period
of 64 days with and without nutrient addition. When additional N and
P (N/P) was added to the column system, the number of oil degrading
microbes increased by two orders of magnitude. The metabolic activity
determined by O2 consumption and ATP concentrations was elevated
50- and 38-fold, respectively. Oxygen limitation occurred after 35 days,
and had a significant effect on metabolic activity, but not on cell numbers. n-Alkanes were depleted by 42% without and 76% depletion with
N/P addition within 64 days. 99 % of naphthalenes and 2-3 ring PAHs
and 37 % of 4-6 ring PAHs were degraded with N/P, whereas 82 %
naphthalenes and 43 % 2-3 ring PAHs were biotransformed without. No
biodegradation of 4-6 ring PAHs was observed without N/P. Microbial
community structure analysis by16S rRNA amplicon sequencing
revealed a high abundance of hydrocarbonoclastic bacteria over the entire
experimental period in all oil contaminated samples. However, in N/P
samples Alcanivoraceae, comprising well known n-alkane degraders, rapidly became predominant reaching a peak after 22 days. Rhodospirillaceae
abundance increased significantly from day 35 while the abundance of
Alcanivoraceae declined. Rhodobacteriaceae and Piscirikettsiaceae were also
among the dominating families and their abundance remained stable
at levels as found in non-contaminated sediment. In non-stimulated
samples Rhodobacteriaceae became predominating during the first 22
days, followed by a constant decline but still remaining in the group
of dominating families. Highest abundance of Piscirikettsiaceae was
found at sampling day 45, significantly later than in N/P samples (day
9). Microbial community structure analysis and multivariate statistical analysis of chemistry data was shown to be powerful tools for status
assessment of bioremediation processes.
471 Three-domain mass transfer model to predict the sorption kinetics and mobility of organic compounds in biochar amended soil
S. Trinh; D. Werner, Newcastle Univ / Civil Eng and Geosciences; B. Reid,
Univ of East Anglia / School of Environmental Sciences
Biochar (BC) is emerging as a soil amendment that provides numerous
benefits. While carbon storage is the principle driver for BC incorporation in soil, ancillary benefits of improved fertility, water storage
and nutrient transfer bring added value. BC also holds the potential
to absorb organic contaminants present in soil and thereby to mitigate
their risk to the environment. While several studies have substantiated
this concept, little attention has been given to quantitatively describe
the influence of BC on organic compound partitioning and mobility in
BC amended soil. To address this knowledge gap a three-domain mass
transfer modeling approach was used to describe the influence of BC on
sorption kinetics and mobility of three organic compounds: an antibiotic (sulphamethazine (SMZ)); a herbicide (isoproturon (IPU)), and; a
representative polycyclic aromatic hydrocarbon (phenanthrene (PHE)).
These compounds provided a range of hydrophobicity (log KOW 0.28
– 4.46) and aqueous solubility (1.2 to 530 mg l-1) over which to test the
model. Under batch equilibration (720 h) the partition coefficient (Kd) of
the compounds in soil amended with biochar (5%) significantly increased
by a factor 2 for PHE and more than 20 for both SMZ and IPU as compared to unamended soil. The batch-model successfully reproduced the
sorption kinetics of the compounds. Column transport studies indicated
biochar enhanced the sorption capacity up to one-third solute mass for
SMZ and one-half solute mass for both IPU and PHE and the columnmodel successfully predicted the transport processes of the solutes in the
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column packed with soil and various biochar contents (1-5%). The model
will be useful to other situations where prediction of sorption kinetics
and mobility or organic compounds is required e.g., for reactive barrier
technologies and in-situ remediation.

Integrated Environmental Assessment and
Management General – Part 2
472 What Kind of Risk Assessor Are You?
R.B. DeHate, GEI Consultants, Inc.; R. Gensemer, GEI Consultants /
Ecological Division
What you are about to read is a true story. The names have been changed
to protect the innocent. I recently had a conversation with an attorney
that went like this: “So, what kind of Risk Assessor are you?” I was a
little puzzled and said, “A Human Health Risk Assessor.” “No”, he said.
“I mean are you one of those mamby-pamby Risk Assessors who won’t
stand behind their data and uses words like “uncertainty” and “limited”
and has to qualify everything you state. Or are you a Risk Assessor who
will say one way or the other whether there is a risk or not a risk?” I was
taken aback by this question, thought about it, and then answered which
category of Risk Assessor I was. Communicating the results of ecological and human health risk assessments to those outside our profession is
a challenging task, particularly with regards to communicating uncertainty. To many, expressions of uncertainty often are seen as a sign of
weakness or that we don’t stand behind our data. Whereas others will
see expressions and analysis of uncertainty more in the scientific spirit it
is properly intended, i.e., how confident are the scientific conclusions we
draw? This can lead to be asked, upon engagement for a project “what
kind of a risk assessor are you—one who stands behind your conclusions
or one who doesn’t?” In this presentation, we will explore the state of
the art of Risk Assessment and Risk Communications, and discuss the
science, the political atmosphere, liability, and the unintentional holes
we dig for ourselves communicating the results of our work as Risk
Assessors. When can we stand by our data and make firm decisions and
give firm answers? Have we lessened the integrity of our practice by
always qualifying our answers? These and many more questions will be
explored as we attempt to answer “What kind of Risk Assessor are you?”
473 Effect of Breimont Attacke Pesticide on Soil Microbiota
C. Mgbemena, Federal Univ of Technology Owerri; I.A. Nnadozie, Federal
Univ of Technology Owerri / Biological Science
Breimont attacke® pesticides was used to treat soil samples obtained
from Orji, Owerri, Imo State, South – eastern Nigeria, and its effect
monitored, over a period of time. Standard microbiological techniques
were applied to analyze the soil sample. Identification of the isolated
organisms following incubation in bacteriological media yielded higher
bacterial growth of 8.5x103cfu/gram from the untreated soil and
5.5x106 cfu/ml from the pesticide treated soil. The isolated organisms
from treated soil were Lactobacillus sp. and Bacillus sp. as compared
to Eschericia coli, Bacillus sp., Staphylococcus aureus, Klebsiella sp. and
Lactobacillus sp. from untreated soil samples. Treatment of pest infected
plant with Breimont attacke® insecticide impacted the soil, reducing
its bacteria population. Application of the pesticide at high concentrations would have more adverse effects on the soils microbial distribution.
Recommended rates and concentrations must be observed to achieve
maximally friendly results to farmers and environment.
474 Is Manure a RCRA Solid Waste?
W.L. Goodfellow, Exponent, Inc. / Biological and Ecological Sciences; C.
Menzie, Y. Masue-Slowey, Exponent, Inc.
A proposed settlement between an environmental group and several
dairy farms with regards to manure management may require farms to
adhere to Resource Conservation and Recovery Act (RCRA) solid waste
requirements in the future. Prior to entering into the proposed settlement, the court found that manure can be considered a solid waste when

it is applied to crops without regard to the nutritional requirements or
when the manure storage has leaky or defective lagoon operations. This
opinion appears to be counter to the fact that Congress largely exempts
manure from RCRA regulations. Manure management systems for
farms and dairies are often characterized as low tech in structure, typically having storage of manure waste, sometimes stabilization of the
nutrient chemistry and land application for waste disposal. Very large
or Concentrated Animal Feeding Operations (CAFOs) can employ
anaerobic digestion as part of the waste treatment and collect the biogas
for energy augmentation. However, there is often an operational size
requirement, making sophisticated treatment strategies cost effective or
even feasible when considerable manure volume is available. Small to
mid-size farms are often challenged by not having sufficient resources,
but can have the same regulatory requirements imposed as the larger
resourced operations. Manure is a chemically complex material enriched
in nitrogen, phosphorus and carbon. In order to dispose of and to
effectively utilize manure as part of nutrient management, a site specific
manure management plan must be developed that considers the composition of manure, chemical properties of soils, and nutriment requirements
for crops. Due to large volumes of manure being generated, it is increasingly challenging to formulate a plan that satisfies the need to dispose of
manure while maintaining practical benefits of manure application. This
paper will present management strategies including storage and land
application methods that holistically consider manure compositions, local
soil properties, crop yield and nutrient needs. We will present approaches
that can be employed by agricultural operations both small, mid and
large to limit their exposure should RCRA requirements be imposed.
475 Development and Use of Wild Game Consumption Rates in
Human Health Risk Assessments
J.M. Conder, Geosyntec Consultants; J. Arblaster, Ramboll ENVIRON
Clearer guidance is recommended for evaluating site-specific chemical risks due to the consumption of wild game in human health risk
assessment (HHRA), particularly in estimating consumption rate values
for site-specific exposure modeling. This study reviewed site-specific
HHRAs, survey data, regulatory documents, and scientific literature
to evaluate the state of the practice for evaluating site-specific chemical risks via wild game consumption. Consumption rates of distinct
wildlife species groups varied over three orders of magnitude (increasing from lowest to highest: waterfowl, terrestrial birds, small mammals,
and cervids), and rates for all groups except cervids were lower than
wild fish consumption rates. Wild game consumption rate values should
be explicitly derived for site-specific HHRAs using one or more of the
following approaches (in general order of lowest to highest uncertainty):
1) Empirical site-specific surveys; 2) Empirical surveys of comparable
communities; 3) Modeling of local game harvest data; 4) Use of a nationally-applicable default value; 5) Modeling of legally harvestable game
limits; and 6) Modeling based on estimates of total meat consumption.
Data are readily available such that approximate nationally-applicable
default values could be developed. More precise guidance and data for
different wildlife species groups, regions, and consumers would improve
HHRAs including this exposure pathway.
476 Methodological guidance in evaluating environmental and economic aspects of wood products: A combined and simplified approach
H.M. Davidson, E. Vial, FCBA / Environment and Health; W. Achten,
Free Univ of Brussels / Inst for Management of the Environment and Spatial
Planning
The life cycle suite of assessments (LCA, LCC, SLCA) can be extremely
valuable tools in gaining insight into the effects of business practices.
Many companies and organizations rely on environmental, economic
and social data to make decisions in identifying areas for improvement
or comparing scenarios against one another. Small-medium enterprises,
Benefit Corporations and other company configurations are often presented with difficult decisions in how to allocate their limited time and
resources to obtain a thorough analysis. Global sensitivity analysis (GSA)
is starting to be established as a viable alternative in some contexts to
performing a full environmental LCA. The majority of environmental

SETAC North America 36th Annual Meeting | 129

WEDNESDAY PLATFORM ABSTRACTS
impact can be explained by reducing the number of parameters via
simplified parametric modeling. In this study GSA is broadened by
enveloping a parametrized life cycle costing (LCC) component into
a simplified parametric LCA model, resulting in double bottom line
assessment. In this context, we aim to identify the top parameters that
comprise both the environmental and economic systems of a wood
product. This study demonstrates the combined environmental and
economic impact of one cubic meter of glue laminated timber (glulam),
analyzed based on determining the significant variable and fixed parameters contributing to a joint assessment of environmental and economic
impacts within the product system. Results from seven midpoint impact
indicators are analyzed according to the highest ranking parameters.
Ultimately, the methodology may be adapted to further include social life
cycle assessment to enable a full triple bottom line assessment related to a
wide array of products or concerns in the forest product industry.
477 Evaluation of Mercury and PCB Trends in San Francisco Bay
Region Stormwater
D. Yee, San Francisco Estuary Inst; L.J. McKee, A.N. Gilbreath, San
Francisco Estuary Inst / Watershed Program; J.A. Hunt, San Francisco
Estuary Inst
San Francisco Bay is listed as a water body impaired due to chemical
pollution, including mercury and polychlorinated biphenyls (PCBs)
bioaccumulating in fish consumed by wildlife and humans. This has led
to development of Total Maximum Daily Load (TMDL) control plans
for these legacy contaminants, which call for significant reductions in
stormwater loads. Some challenges of evaluating the efficacy of these
plans include: (1) the heterogeneous distribution of these contaminants
in urban areas (particularly PCBs), (2) the difficulty of representatively
sampling episodic and individually unique storm events, (3) the mixing
of loads from managed and unmanaged areas, and (4) climatic variation
leading to highly variable interannual loads. All these factors confound
the differentiation of impacts of management action from those arising
from other drivers of environmental spatial and temporal variability.
Work is ongoing to develop a set of trends indicators to allow local
stakeholders to measure the benefits of implemented and planned management actions. We examined data for samples from various watersheds
collected since 2010. Parameters such as contaminant concentrations
directly measured on solids collected from stormwater, or surrogate
measures such as whole water contaminant concentrations normalized
to suspended sediment concentration (SSC), show promise for reducing the uncertainty from climatic variation in characterizing loads from
some watersheds. However, there remain unknown or poorly characterized factors affecting contaminant delivery for other watersheds. Power
analyses using currently available data suggest that for the least variable
watersheds, modest changes arising from management action may be
detectable within a decadal time frame. However, for the most variable
watersheds, much larger reductions over a longer multi-decadal scale may
be needed to distinguish benefits of management action with any reasonable or usable degree of certainty.
478 The potential impact of deposition from static rocket motor testing on crops
W.J. Doucette, Utah State Univ / Utah Water Research Laboratory; E.
Curry, L. McNeill, Utah Water Research Laboratory
Tests of horizontally restrained solid fuel rocket motors at the ATK facility in Promontory, Utah, USA, result in the deposition of an estimated
1.5 million kg of entrained soil and combustion products (mainly aluminum oxide, hydrogen chloride and water) on the surrounding area. The
deposition is referred to as test fire soil (TFS). Local farmers expressed
concerns regarding the potential impact of TFS on crops. Using corn
and alfalfa as representative crops, initial greenhouse studies examining
worst-case soil exposures (10% TFS in soil), found negative impacts on
germination and growth due to the high chloride concentrations of the
TFS (1000 times greater than area soils). Direct TFS deposition onto
the leaves of mature plants (54 days to harvest) also caused changes in
appearance but not in plant material produced. The visual changes were
attributed to chloride and/or pH that could be as low as 2 for unreacted
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HCl or as high as 10 due to the high temperature conversion of calcite
to calcium oxide/hydroxide. Additional studies were conducted using
younger corn, alfalfa and winter wheat (12-54 days from emergence), to
evaluate the impact of a more typical TFS deposition and application
scenario. The relationship between the amount of deposition and the
crop impact was also examined. Impact was evaluated by comparing the
growth, tissue composition, and chlorophyll content of treatments relative to controls. The effects of chloride and pH on corn leaves also were
determined separately by monitoring appearance and chlorophyll content. Leaves exposed to a typical TFS deposition loading (70-g/m2) were
not different from controls, however at higher TFS loadings (700-g/m2
and 3200-g/m2) elevated chloride in corn leaves was observed. Biomass
production was not impacted. High and low pH and chloride solutions
impacted corn leaf appearance and reduced leaf chlorophyll but did not
impact productivity. Overall, the results indicate that worst-case depositional events resulting from static rocket motor testing could impact
crops, but typical TFS deposition amounts likely do not.
479 The Application and Misapplication of Directed Acyclic Graphs
for Causal Inference in Ecology
R. Kashuba, Exponent / Ecological and Biological Services Practice; A.M.
Morrison, Exponent / EcoSciences; C. Menzie, Exponent
An emerging body of literature, originating from the field of artificial intelligence, proposes the use of directed acyclic graphs (DAGs)
as a quantitative approach to determine environmental causality from
observational data. This method suggests that causality can be inferred
from relationships implied by graphical structure and quantified using
conditional probabilities. Using a network of nodes and arrows representing system variables and causal relationships among them, causal
relationships can be explored with data, presuming the state of an effect
node is conditional on the state(s) of one or more cause nodes. The
likely states of other model nodes can then be inferred depending on
the graphical structure between them. Such an inference method has
many benefits for use in environmental causal analysis (e.g., empirical
quantification of ecological hypotheses about multiple stressor systems).
However, like any analysis method, its application must be implemented
with care to prevent misinterpretation and to understand the limitations
of conclusions drawn. For example, if assumptions about dependence or
independence of nodes implied by the graphical structure are not met,
empirical support for a causal interpretation of that model structure,
given the data used to test it, is weak. Additionally, choices in how to
discretize continuous variables may affect conclusions about causality.
The causal importance of a variable can only be assessed relative to other
variables within the same graphical model (i.e., not relative to variables
not included in the model and not relative to other models). This is challenging for environmental questions, because interacting causal pathways
need to be addressed as a system and not independently. Finally, as
with all data analysis, the statistical methods of DAGs do not overcome
differences in data quality among variables. Data quality, relative to the
causal questions asked, must be assessed prior to DAG implementation,
or causal conclusions will not be reliable.

Integrating Environmental Health and LCA
into Chemical Alternatives Assessment
480 Recents Efforts to Advance the Understanding and Practice of
Alternatives Assessments
E. Connor, Abt Associates / Environment Resources Division; K.M. Hart,
USEPA
This presentation will highlight recent efforts of OECD’s Ad Hoc
Group on Substitution of Harmful Chemicals to advance the practice and understanding of alternatives assessments. The OECD’s 49th
Joint Meeting of the Chemicals Committee and the Working Party on
Chemicals, Pesticides, and Biotechnology established the Ad Hoc Group
with the goal of furthering tools and approaches to support decision
making for the substitution of chemicals of concern. The Ad Hoc Group
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is co-chaired by the US Environmental Protection Agency and the
European Chemicals Agency. OECD hosted an Expert Workshop on
Substitution and Alternatives Assessments in Paris, France in May 2015
to identify priority needs for advancing the field, as well as next steps
for the Ad Hoc Group. The presentation will highlight the outcomes of
that meeting, and include a brief demonstration of the latest version of
the OECD Substitution and Alternatives Assessment Toolbox. The goal
of the OECD Toolbox is to provide practical guidance and resources
to users of varying levels of expertise in learning about and conducting
alternatives assessments. The Toolbox is organized into four portals:
an interactive tool selector, alternatives assessment frameworks, case
studies and other resources, and current regulations and restrictions
related to chemical substitution. As the demand for alternatives assessment approaches continues to grow (e.g., in response to the European
Union’s REACH Regulation and California’s Safer Consumer Products
Regulations) , the Toolbox is an important resource to assist practitioners in identifying appropriate methods and tools for conducting them.
Recent updates and ongoing enhancements to the Toolbox will be
highlighted.
481 Towards a multi-attribute tool: Incorporating hazard and exposure metrics into life cycle analysis
R. Ehrlich, M. Levy, A. Mason, American Chemistry Council; B. Howard,
American Chemistry Council / Value Chain
There is increasing pressure in the private sector on retailers, designers,
architects and others to act as decision makers with respect to product
specifications–and in particular, to make choices about environmental
impact and human health. Consequently, a growing number of assessment tools, frameworks and programs are being offered to differentiate
products with respect to their human health and environmental
footprints. In general, these tools can be characterized as either human
health oriented or environmental impact oriented. With respect to
environmental impacts, traditional tools include life cycle inventory
and assessment tools. LCAs, however, typically do not include optional
hazard and exposure assessment information. We report on a proof-ofconcept project for consumer products that explored merging hazard and
exposure metrics with life cycle analysis data. Our talk will cover the
opportunities and challenges of the different methods we considered as
we developed our project.
482 Intersection of Health and LCA: Utilizing Life Cycle Inventory
Data
N. Santero, thinkstep; L. Heine, Lauren Heine Group LLC
The intersection of health impacts and life cycle assessment (LCA)
continues to raise challenges when comparing impacts across the life
cycle. The framework of LCA—breaking down the product life cycle
into its individual components and identifying sources of impact—ostensibly provides an ideal structure for evaluating health hazards and risks
caused by chemicals in the product life cycle. However, significant data
gaps in chemical hazard and exposure information, such those associated
with temporal and spatial representativeness, and chemicals hazards that
cannot be tied statistically to health impacts, introduce uncertainty into
the life cycle impact assessment (LCIA) phase of the LCA. Although
USEtox or other LCIA health methods provide valuable insights, the
uncertainty in the results is up to three orders of magnitude wide, which
undermine the utility of these measures to support decision-making. In
addition, life cycle inventory (LCI) data assume that the health impacts
are completely captured in the process emissions data; in reality, many
of the hazards are associated with the ingredients themselves and thus
may not be included as inputs or outputs of the manufacturing process.
A proposed complementary approach uses a “flagging” system that
tags ingredients at the inventory and process level in an LCA model.
Ingredients used in the life cycle are evaluated using established health
impact screening methods, such as GreenScreen or alternative hazard
or risk-based approaches. This system directs decision-makers to base
health-impact reduction efforts on knowledge gained from the LCI
data (chemical type, location in the life cycle). Because health impacts
will not be reduced to a single health score, decision-makers will have

better resolution information available for use in the decision-making
process and the ability to focus on both near field and far field exposure.
This presentation will review the current challenges in the health and
LCA fields, discuss the proposed flagging system as a complementary
approach, and demonstrate its utility through a case-study discussion.
483 Cross-pollinating life cycle assessment and chemical human
exposure modeling to support decision making through improved
sustainability analysis
S.A. Csiszar, Oak Ridge Inst for Science & Education at USEPA / National
Risk Management Research Laboratory; J.C. Bare, USEPA / National Risk
Management Research Laboratory; P. Egeghy, USEPA / National Exposure
Research Laboratory; D.E. Meyer, USEPA / National Risk Management
Research Laboratory; P.S. Price, K. Thomas, D. Vallero, USEPA / National
Exposure Research Laboratory
We present a framework which integrates life cycle assessment (LCA)
with recent advances in chemical exposure modeling and toxicity estimation to support decision making with respect to the sustainable use of
chemicals in commercial products. In LCA, chemically mediated human
health impacts are traditionally focused on far-field chemical exposure
with near-field exposures generally not included in user assessments.
This approach may substantially underestimate exposures to chemicals
in consumer products, especially during the use-stage, as near-field exposures may be substantially larger than environmentally mediated far-field
exposures for several chemical-product combinations. Furthermore, current methods to account for the impacts of chemical toxicity in LCA may
not be applicable to use-stage exposures which are likely to be limited
to small populations of individuals rather than spread across a general
population. We aim to advance LCA by improving human health impact
characterization using recent progress and research in rapid chemical
exposure modeling, high-throughput screening (HTS) toxicology, and
risk prioritization. Several scientific fields are required to understand
health impacts associated with chemical exposures and include LCA;
source, fate, and transport modeling; human exposure modeling, human
absorption, distribution, metabolism, and excretion (ADME) modeling;
and in vivo and in vitro toxicology. These fields have unique and overlapping data needs, models, and vocabulary, and the framework identifies
steps, tools, and research needed to harmonize these disciplines. We
also highlight ongoing research in these fields, which can be used to
advance the state of the science of LCA using expertise and tools within
the USEPA’s Chemical Safety for Sustainability (CSS) program. It is
anticipated that the research accompanying the framework will produce
publicly available software, which can aid in sustainability-based decision making, alternatives assessment, green building standard-setting,
industry, and sustainable chemistry.
484 Route- and Form-specific Hazard Assessment Using
GreenScreen® for Safer Chemicals: A Case Study of Titanium
Dioxide, Carbon Black and Silica
B. Wang, M. Whittaker, ToxServices LLC
GreenScreen® for Safer Chemicals is a chemical hazard assessment
methodology that is built on the 12 Principles of Green Chemistry
and USEPA’s Design for the Environment (DfE) alternatives assessment method. It evaluates eighteen endpoints covering human health,
environmental toxicity and fate and physical hazards based primarily on
criteria set forth in Globally Harmonized System of Classification and
Labelling of Chemicals (GHS). GreenScreen® is widely accepted as a
tool for hazard screening in alternatives assessment. Traditionally, data
for all relevant exposure routes are reviewed, and the hazard score for
each endpoint is assigned based on the highest hazard from any of the
relevant routes. For certain chemicals, the hazards are highly dependent on the route of exposure and the forms they are in. Widely used
chemicals titanium dioxide, carbon black and crystalline silica are listed
as carcinogens by various authoritative bodies at national and international levels. According to GreenScreen® criteria, all of the chemicals are
Benchmark 1 (“Avoid – Chemicals of High Concern”). Consequently,
they may score poorly in alternatives assessment. A closer examination
of toxicological data revealed that the route of concern is inhalation,
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and the mechanism is associated with lung overload of poorly watersoluble particles. All three chemicals are relatively inert by other routes
of exposure due to their poor water solubility and limited bioavailability.
In addition, particle size may play an important role in the carcinogenicity. For example, titanium dioxide nanoparticles have been shown to
be carcinogenic, while pigment grade particles are not. To characterize
their hazards more accurately, we “stratified” the GreenScreen® assessment of these chemicals by the route of exposure, and obtained different
Benchmark scores for different routes. The Benchmark scores for pigment grade titanium dioxide are 2 (inhalation) and 4 (oral and dermal),
and for carbon black and crystalline silica are 1 (inhalation) and 2 (oral
and dermal). These form-specific/route-specific Benchmark scores can be
used by suppliers and alternatives assessors to support the safety of these
individual chemicals, if it can be demonstrated that only the specific
low hazard forms or routes are relevant throughout the life cycle of the
chemicals. This research underlines the importance of exposure route and
physical form in GreenScreen® assessment.
485 Performance and hazard assessment of alternative fluorinated and
non-fluorinated DWR (Durable Water Repellent) technologies
H. Andersson, IVL Swedish Environmental Research Inst Ltd / Dept of
Chemical and Biological Engineering; S. Schellenberger, Dept of Applied
Environmental Science ITM; I. van der Veen, VU Univ Amsterdam / Inst
for Environmental Studies; P. Gillgard, Swerea IVF AB Gothenburg; G.M.
Peters, Chalmers Univ of Technology / Dept of Chemical and Biochemical
Engineering; P.E. Leonards, VU Univ Amsterdam / Inst for Environmental
Studies; I. Cousins, Stockholm Univ / Dept of Environmental Science and
Analytical Chemistry ACES
Due to the ongoing phase-out of long-chain per- and polyfluoroalkyl
substances (PFASs), the textile industry has had to find alternative
chemistries for durable water repellence (DWR) in fabrics. This ongoing
phase-out of long-chain PFASs has resulted in a market where both
fluorinated and non-fluorinated DWRs are available, dividable into three
broad groups: fluorocarbon-based, silicon-based and hydrocarbon-based
polymers. During our research in the SUPFES (Substitution in practice
of prioritised fluorinated compounds for textile applications) project,
the alternative DWRs were assessed with regards to: (i) their structural properties and connected performance, (ii) loss and degradation
processes resulting in diffuse environmental emissions, and (iii) hazard
profile for the emitted substances. We worked with DWR-chemistry
and outdoor clothing manufacturers to appropriately treat various fabrics
with the DWR alternative chemistries (fluorinated and non-fluorinated)
using conventional solvent phase chemistry and gas phase chemistry
(plasma). We compared the performance of the treated fabrics developed in the project by testing the following properties in the laboratory:
general properties (i.e., washability, compatibility with dyestuffs),
mechanical properties (i.e., resistance to abrasion and tearing), physical
and DWR properties (water vapor resistance, water and oil repellency,
stain and soil repellency, soil and stain release, durability and overall
comfort). We demonstrated that there are large differences in performance between the alternative DWRs, most importantly the lack of oil
repellence of non-fluorinated alternatives. We further showed that for
all alternatives, impurities and/or degradation products of the polymeric
DWR are emitted to the environment. Our hazard ranking suggested
that hydrocarbon-based polymers are the most environmentally benign,
followed by silicone- and fluorocarbon-based polymers. Hazards connected to the silicone-based substances (largely through release of low
levels of residual cyclic siloxanes; D4: octamethylcyclotetrasiloxane and
D5: decamethylcyclopentasiloxane and degradation of silicones to silanols) may be reduced by fate processes efficiently removing the substances
from sensitive environmental compartments and lowering the actual
risks. Future work will include risk and life cycle assessments (LCA)
to estimate long-term advantages and disadvantages of the different
DWR-technologies.
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486 Incorporating Life Cycle Thinking into Alternatives Analysis
L. Burns, J. Chamberlain, K. Magnuson, C. Meier, Y. Yu, R. Geyer, A.A.
Keller, Univ of California Santa Barbara / Bren School of Environmental
Science and Management
The California Safer Consumer Products Regulations went into effect in
2013, requiring a two-stage alternatives analysis as a way to identify and
assess potential alternatives to products containing chemicals of concern.
The first stage is a screening-level analysis that leads to a thorough
investigation of alternatives in the second stage. In both stages, the alternatives analysis must incorporate life cycle considerations. To aid future
practitioners, a framework was developed to quickly incorporate life cycle
thinking into a screening-level analysis. This framework consists of six
primary steps: (1) determining the function of the product and chemical
of concern; (2) identifying potential alternatives; (3) defining a functional unit; (4) brainstorming questions to consider regarding potential
impacts in different life cycle stages; (5) conducting focused qualitative
and quantitative research to address the questions that stem from step
4; and (6) evaluating impacts using standard evaluation criteria. A case
study of methylene chloride-based paint stripper and three alternatives
was used to inform and test this framework. Several tools and databases
were explored (e.g., UseTox; GaBi), and data gaps were identified. The
findings of the case study were used to develop an approach for visually communicating results to aid in decision-making. This framework
focuses on human and environmental impacts, but it is malleable and can
be adjusted to include other considerations, such as social or economic
impacts. While this framework is only one potential way for incorporating life cycle considerations into an alternatives analysis, it will provide
guidance for practitioners unsure of how to conduct such an assessment
to be in compliance with the Safer Consumer Products Regulations.
487 Consistently Integrating Life-Cycle Impact Metrics into
Chemical Alternatives Assessment
P. Fantke, Technical Univ of Denmark / Quantitative Sustainability
Assessment Division; O. Jolliet, Univ of Michigan / Environmental Health
Sciences; T.E. McKone, Univ of California / School of Public Health
To address hazardous chemicals in consumer products, alternatives assessment (AA) is an emerging approach combining hazard and exposure
assessment with technical and economic feasibility. However, life cycle
aspects are typically not considered in AA, but are relevant to avoid
decisions that involve burden shifting or that result in only incremental
improvement. As the life cycles of chemical and non-chemical alternatives may have widely differing types of impacts on humans and the
environment, there is a need to incorporate life-cycle metrics into the
AA process including all relevant impacts and consistently comparing all
near-field and far-field exposures. We propose and evaluate a framework
that includes different tiers and iterative assessment loops to systematically account for life cycle inventories and impacts. We build on seven
questions: 1. What is the function of a chemical for a given application of
a specific product? This defines the product-based assessment boundaries;
2. What are potential functionally equivalent alternatives? This identifies alternatives to the target chemical including non-chemical solutions;
3. Are the alternatives less hazardous? A hazard assessment screens out
alternatives with certain toxicity profiles; 4. Are the alternatives safe
enough in a given application? Comparative near-field and far-field exposure over product life cycles combined with hazard profiles leads to full
risk characterization; 5. Which alternatives provide optimal environmental and social performance? Life cycle environmental and sustainability
impacts complement human health focused risk characterization; 6. Are
the alternatives technically feasible to implement? This step accounts for
stakeholder-specific technical limitations; 7. What are the most economically feasible alternatives? Cost-benefit analysis helps to rank alternatives
according to stakeholder-specific economic valuations and market
constraints. In an example, we will show that systematically answering
these questions helps (a) to align assumptions used in different assessment
methods in a manner that can avoid contradictory results, (b) to consistently consider and compare all relevant impacts, thereby avoiding burden
shifting that could result from disregarding chemical and product life
cycles, and (c) to prioritize the most relevant impacts across all life cycle
stages – setting the scene for a “life cycle alternatives assessment.”
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Exploring the Intersection Between
Ecosystem Ecology and Ecotoxicology:
Recent Advances, Pitfalls and
Recommendations
488 Defining ecosystem toxicology I: Contaminant and energy fluxes
through food webs as an intersection between ecosystem science and
ecotoxicology
D. Walters, USGS / Fort Collins Science Center; J.M. Kraus, USGS; T.S.
Schmidt, USGS / Water Resouces Div; E. Rosi-Marshall, Cary Inst of
Ecosystem Studies / NA
Ecology and ecotoxicology share common goals – tracing and quantifying material flux in the environment. Bridging these disciplines is
challenging because their practitioners have slightly different methodologies, terminologies, and objectives. For example, ecologists strive to
identify pathways of energy flow and how these flows affect properties
like animal diversity whereas ecotoxicologists measure flow pathways to
better characterize wildlife exposures. Here, we illustrate how the concept of ecological fluxes (animal and material fluxes within and between
food webs and ecosystems) can bridge ecosystem and exposure science
and provide a better understanding of contaminant and resource movements. Integrating these disciplines would allow us to better address
such questions as: How do carbon fluxes in food webs effect contaminant fluxes and consumer exposure; under what conditions are moving
resources important drivers of contaminant flux; and under what conditions do contaminants alter the quality and quantity of resources moving
between systems? These questions are particularly relevant in aquatic
food webs and linked aquatic-terrestrial systems because aquatic systems
(and their sediments) are major repositories for contaminants and there is
a globally accepted model that productive aquatic systems are sources of
abundant, high-quality resources to terrestrial food webs.
489 Defining Ecosystem Toxicology II: Ecosystem function as
response variables to contaminants
E. Rosi-Marshall, Cary Inst of Ecosystem Studies / NA; E. Bernhardt, Duke
Univ / Biology
Measuring ecosystem processes has been a cornerstone of the science of
ecology. Ecosystem functions represent the rates that processes occur
in nature and provide an integrated measure of a number of ecological
variables. Although ecosystem functions of various types have been well
described in ecosystems throughout the world, the influence of contaminants on the rates of ecosystem functions is less well documented. To
fully understand the ecosystem dynamics in a world with contaminants,
research that investigates the influence of a variety of compounds on
ecosystem structure and function will be necessary. Due to their global
spread, contaminants are present in nearly every ecosystem on earth, but
the effects of these contaminants on such important ecosystem processes
like primary production, nutrient cycling, secondary production, and
decomposition rates are not well understood. We will provide a primer
on how to measure these processes and review the current literature that
investigates the influence of contaminants on ecosystem processes. In so
doing, we will suggest areas of future research to advance our understanding of the influence of contaminants on how ecosystems function.
We argue that contaminants are global drivers of ecological change and
that research that seeks to understand the influence of contaminants on
ecosystem function is needed to both fully predict the effects of contaminants on the environment and to understand what drives ecosystem
function in the Anthropocene.
490 Context-dependent responses of stream ecosystems to contaminants and other anthropogenic stressors
W.H. Clements, Colorado State Univ / Fish Wildlife and Conservation
Biology; D. Kashian, Wayne State Univ / Dept of Biological Sciences; P.
Kiffney, NOAA / Northwest Fisheries Science Center; R.E. Zuellig, USGS /
Colorado Water Science Center

Natural variation in the structure and function of aquatic communities along environmental or spatiotemporal gradients can influence
how ecosystems respond to biotic and abiotic stressors. Although these
context-dependent responses are well known in basic ecology, they
have received little attention in ecotoxicology. We know that regional
variation in community composition, which results from environmental, historical, biogeographical and/or climatic factors, complicates our
ability to identify general patterns and represents a significant challenge
for ecological risk assessment. As the scope of freshwater bioassessment
expands from single catchments to broad-scale, regional surveys, it has
become apparent that responses to contaminants can also vary significantly among locations. Although this variability is generally considered
a nuisance, we believe that natural spatiotemporal variation of ecosystems provides opportunities to test hypotheses about context-dependent
responses to contaminants. Specifically, we hypothesize that many
of the environmental factors which structure communities in aquatic
ecosystems (e.g., food web structure, disturbance, primary productivity,
exposure history) also determine their responses to contaminants. In this
talk we will present several examples of context-dependent responses of
stream ecosystems. We will show how longitudinal variation in community composition, the development of tolerance and exposure to multiple
stressors influence the historical context of an ecosystem and may determine responses to contaminants. Aquatic ecotoxicologists have made
significant progress identifying abiotic factors that influence contaminant
bioavailability and toxicity. A similar effort could be undertaken to
identify specific ecological factors (e.g., community composition, natural
disturbance regimes and life history characteristics) that contribute to
variation in susceptibility to contaminants. Understanding the nature of
these context-dependent responses and the mechanisms responsible for
variation among ecosystems should be a key element of ecological risk
assessment and a research priority in ecotoxicology.
491 Role of functional processes in identifying effects of metal mining
on stream macroinvertebrates
M. Hornberger, USGS / Water Resources Division; T.M. Short, USGS
Aggregate effects of multiple stressors can confound interpretation of
biological response to restoration in mine-impacted rivers. Recovery
responses integrate antecedent and existing conditions that collectively
influence metal exposure for macroinvertebrates in a metal-enriched
environment. Examining functional processes provides insight into
mechanisms influencing spatial and temporal patterns of metal bioaccumulation. Tissue residue studies using resident aquatic organisms
provide an in situ measure of metals bioavailability. However, speciesspecific differences in physiological processes and trait characteristics can
influence overall risk related to metals exposure. Relationships between
whole-body metal concentrations (As, Cd, Cr, Cu, Fe, Mn, Ni, Pb, Zn)
and species traits were examined for 40 invertebrate taxa collected at
10 locations in the Clark Fork River, a mining-impacted river drainage in western Montana. Traits include feeding ecology, maximum
body length, habits, fluvial-substrate habitat preference, current velocity
preference, generations per year, metal tolerance, and multi-stressor
tolerance. Discriminant function analysis (DFA) was used to determine which traits best accounted for differences among taxa and metal
bioaccumulation. Individual metal concentrations were used as predictor
variables for discriminating among trait characteristics. Overall, metal
uptake was greatest for detritivores and herbivores, taxa with relatively
small body size, with one or more generations per year, preferring
depositional habitats and tolerant of physical and chemical stressors.
Among individual traits, feeding behavior was the strongest predictor of
metal uptake. Metal concentrations were greater for species feeding on
particulate organic matter, whereas metal concentrations were lower in
predators. These results demonstrate in part, the influence of functional
processes on the recovery ecology of the Clark Fork River watershed.
Trait-based properties reflect ecosystem responses to changes in metal
contamination gradients and provide a means with which to assess effectiveness of remediation.
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492 Cross-ecosystem toxicology: How aqueous contaminants manifest effects in terrestrial ecosystems
T.S. Schmidt, USGS / Water Resources Div; J.M. Kraus, USGS; J.S.
Wesner, Univ of South Dakota / Dept of Biology; D. Walters, USGS / Fort
Collins Science Center
The productivity of aquatic ecosystems can control the distribution of
terrestrial consumers by the export of adult aquatic insects. Thus, adult
aquatic insects are a critical linkage (energy flow) between the two
ecosystems. Contaminants can alter the linkages between aquatic and
terrestrial ecosystems thus causing cross- ecosystem level responses.
For example, many contaminants can bioaccumulate or even magnify
in aquatic foodwebs. However, what effect these aqueous contaminants have on terrestrial ecosystems is mediated by both biological and
geochemical controls. Here we present a series of lab, mesocosm, and
field experiments evaluating both biological (metamorphosis, mortality) and geochemical factors (accumulation, toxicant interactions) that
mediate the effects of aqueous contaminants on terrestrial foodwebs. For
example, trace metals such as zinc and cadmium can be toxic to aquatic
insect larvae and thus limit the number of adult aquatic insects that
are exported into terrestrial ecosystems. However, lethality to larvae is
age dependent so some organisms may accumulate substantial levels of
metal and survive exposure to adulthood. These surviving individuals,
via metamorphosis, lose up to 10-fold the amount of zinc in their bodies
thus limiting terrestrial consumers exposure to zinc. Whereas other metals such as selenium are less toxic to aquatic insect larvae, are conserved
across metamorphosis and pose increased risks to terrestrial consumers. By taking a broader perspective on how contaminants cause effects
in linked ecosystems, managers can work to sustain ecosystem services
critical to cross-ecosystem health.
493 Biofilm response to metal-contaminated sediments - the importance of ecosystem context for managing polluted ecosystems
A. Harrison, Univ of Michigan / School of Natural Resources Environment;
D. Costello, Kent State Univ / Biological Sciences; A. Burton, Univ of
Michigan / School of Natural Resources Environment
Heavy metals are biogeochemically dynamic pollutants, with toxicity
of metal-contaminated sediment affected by stream biogeochemical
processes, including pH and redox conditions as well as S, Fe, and Mn
cycles. Physical stream conditions (e.g., hyporheic flow paths) also affect
biogeochemical cycling and may modify metal exposure and effects. The
conditions and processes that regulate metal bioavailability are often
site-dependent and should be considered in ecosystem assessments. We
exposed natural biofilm communities to metal-amended sediments in
five different streams representing a range of biogeochemical conditions. Contaminated sediments in cups were covered with mesh disks
and placed directly into streams. Additional experiments assessed
biofilm colonization on glass discs in cups both open to and closed off
from hyporheic flows. Biofilm-colonized disks were analyzed for net
primary production (NPP), chlorophyll a, and metal content. Among
our five streams, we found variation in the biofilm response to metals;
only the most productive stream exhibited a negative dose-response to
metal-contaminated sediment (i.e., reduced NPP and chlorophyll a).
For biofilms that did not respond negatively to sediment metals, there
was still substantial accumulation of metal in the biofilm, indicating
the potential for metal exposure to consumers. Hyporheic flow paths
may also influence metal exposure to biofilm communities and warrant
further investigation. This study suggests that metal toxicity in natural
ecosystems is influenced by biogeochemical and physical characteristics
of the ecosystem. Thus, we should focus on understanding the mechanisms by which biogeochemical and physical conditions exacerbate or
mediate contaminant toxicity.
494 Using community ecotoxicology to assess effects of micropollutants from wastewater effluents
A. Tlili, R. Behra, Eawag / Dept of Environmental Toxicology
Micropollutants (MPs) released into fresh waters via wastewater treatment plants (WWTPs) are recognized as a global problem contributing
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to the degradation of ecosystem quality. Therefore, the aim of this field
study is to causally link real effects resulting from microbial communitylevel exposure to complex mixture of MPs present in WWTPs effluents.
To achieve this goal, we combined time-integrative passive sampling
technologies with the assessment of extract toxicity via bioassays; using
in-situ sampled periphyton. Periphyton were sampled up- and downstream of four WWTPs effluents in Switzerland and exposed to various
dilutions of extracts from passive samplers that were immersed at the
effluent of each site. Tolerance of communities to passive sampler extracts
was determined according to the pollution-induced community tolerance (PICT) concept by measuring the inhibition of various functional
endpoints. Specific tolerance of the heterotrophic component of periphyton was measured by 14C-leucine incorporation and MicroRespTM
method to measure secondary production and heterotrophic respiration, respectively. Specific tolerance of the phototrophic component
of periphyton was assessed by 14C-carbonate assimilation and algal
fluorescence to measure primary production and photosynthetic yield,
respectively. Additionally, we examined shifts in the structure of up- and
downstream periphyton by performing a community level physiological
profile (CLPP) and a DNA fingerprint analysis. Results showed that
despite low concentrations of MPs detected downstream of the effluents,
phototrophic and heterotrophic components of the sampled periphyton displayed increased tolerance towards these MPs. Interestingly, in
comparison to heterotrophic functional endpoints, tolerance increase of
phototrophic endpoints was variable among sites. These findings might
give a first indication on the MPs composition in the effluents (dominance of herbicides or bactericides), which was confirmed by analytical
identification of MPs in the passive samplers’ extracts. The observed
effects were accompanied by changes in the microbial CLPP and in
molecular diversity. Overall, our study highlights the sensitivity of the
proposed approach to detect effects of low MPs concentrations occurring in the field and to establish a causal link between exposure and the
observed ecological effects on freshwater microbial communities.
495 Nanomaterial impacts in the real world: Ecological Context and
Ecological Impacts of Nanomaterials
E. Bernhardt, B. Colman, Duke Univ / Biology
The widespread use and rapid increase in the production and use of engineered nanoparticles (NPs) has fostered new research initiatives aimed
at understanding the fate and transport of NPs and the impact of these
novel materials on organisms. Though toxicity studies are widespread,
the majority of research to date has measured the impacts of freshly
synthesized NPs on a small number of model organisms in relatively
simple laboratory conditions during short duration experiments. Risk
assessments suggest that the most likely scenarios for NP environmental
exposures will involve chronic, low concentration exposures of NPs that
are a component of complex waste streams (effluent, landfill leachates,
stormwater runoff). Under more realistic scenarios, NPs react with natural organic matter and minerals, acquiring properties that often change
their reactivity, solubility and toxicity. In a series of large-scale, field
mesocosm experiments we have measured the impact of silver nanoparticles (AgNPs) and silver ions on organisms and ecosystem processes
under more realistic exposure scenarios. Comparisons between AgNPs
of different sizes and coatings with one another and with silver ions in
the lab have often measured large differences in toxicity. In contrast, we
found remarkable convergence in the impacts of all types of Ag added. In
a followup experiment we compared the impact of the same total AgNP
dose added either as a single one time pulse or as 365 weekly additions
over one year. We found that within a few months, the low level, chronic
exposures led to higher bioaccumulation and trophic transfer of AgNPs
than did the more traditional one-dose exposure experiments, despite
lower total overall doses at that point in the experiment. Our results
collectively demonstrate a great divergence in AgNP impacts under laboratory and field scenarios and will be used as examples to suggest how we
might forge more sophisticated bridges between classic toxicological and
ecological approaches to studying contaminants.
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Canadian Oil Sands: Advancing Science for
an Expanding Industry – Part 2
496 Refined models to predict the acute toxicity of Oil Sands process
affected waters to early life stages of Fathead minnow (Pimephales
promelas)
G. Morandi, S.B. Wiseman, Univ of Saskatchewan / Dept of Veterinary
and Biomedical Sciences and Toxicology Centre; Z. Kun, Univ of Alberta /
Division of Analytical and Environmental Toxicology; A. dos Santos Pereira,
J.W. Martin, Univ of Alberta / Laboratory Medicine and Pathology; J. Giesy,
Univ of Saskatchewan / Dept of Veterinary and Biomedical Sciences and
Toxicology Centre
Oil Sands process-affected water (OSPW), produced during the extraction of bitumen in the surface-mining oil sands industry in Alberta,
Canada, is acutely and chronically toxic to aquatic organisms. Organic
compounds that are dissolved in the OSPW are responsible for most
toxic effects, but knowledge of the specific chemicals that cause this
toxicity, or their associated mechanism(s) of toxicity, is very limited. Due
to the complexity of the dissolved organic fraction of OSPW, traditional
bottom-up mixture toxicity prediction approaches are not practical.
Therefore, a top-down approach to mixture toxicity predictions was
developed, whereby molecular formulae, and not structures, of chemicals
are used for identification purposes by use of linear ion trap (orbitrap)
ultrahigh resolution mass spectrometry. Using either polydimethylsiloxane (PDMS)-coated stir bars or solid-supported phospholipid
membranes (SSLM), each distinct molecular formula species was
assigned a measured estimate of lipid accumulation. A narcosis mode of
action was assumed and the target-lipid model of Di Toro et al., (2000)
was applied for toxicity predictions by use of measured bioaccumulation
estimates of the individual accurate masses. The toxicity of the mixture
was predicted assuming strict additivity. A model developed using a
combination of the PDMS and SSLM methods, where preference was
given to SSLM bioaccumulation estimates, compared best with LC50
estimates from 96-hr acute lethality assays with embryos of fathead
minnows (Pimephales promelas). Model predictions were within 4-fold
of observed toxicity for 75% of samples and within 8-fold for all tested
samples, well within inter-laboratory variability. In addition, the toxic
unit approach was used to investigate the contribution of chemical classes
of concern to toxicity of the mixture. This work highlights improvements
made in the development of a model for predicting the acute toxicity of
fractions and samples of OSPW to early life stages of fathead minnow.
497 Aquatic Toxicity of acid extractable organics: Modeling and
alternative test methods
A.D. Redman, ExxonMobil Biomedical Sciences; T. Parkerton, ExxonMobil
Biomedical Sciences Inc. / Toxicology Environmental Science; D. Letinski,
ExxonMobil Biomedical Sciences Inc; J. Butler, ExxonMobil Biomedical
Sciences, Inc / Environmental Toxicology and Chemistry Laboratory; T.
Knarr, ExxonMobil Biomedical Sciences, Inc. / Toxicology Environmental
Science
Acid extractable organics (AEOs) represent an important class of compounds in oil sands process waters (OSPWs) that need to be reviewed
with respect to the health of aquatic life. As a category, AEOs are a
mixture of cyclic, branched and linear organic compounds with oxygencontaining functional groups (e.g., carboxylates, hydroxyls), in which
the exact composition typically is not well defined and is variable but are
known to influence observed toxicity. This presentation will focus on the
development of a modeling framework for evaluating the aquatic toxicity
of AEO mixtures. The proposed framework relies on the use of discrete
pseudo-components (e.g., blocks that represent a narrowly defined chemical space: C# and Class) that simulate the chemical space of AEOs,
which are weighted according to the specific chemical composition of a
given OSPW (e.g., mass abundance over chemical class, carbon number).
The toxicity models used to evaluate this framework are calibrated using
representative single compounds that span the physicochemical properties of this chemical space. Our recent work includes development of
new chronic toxicity data with Ceriodaphnia dubia and Danio rerio for a

series of organic acids to support model development as well as limited
testing on defined mixtures and extracts of OSWP AEOs. Following
pH adjustment of samples to protonate the organic acids, passive sampler
(PS) measurements have also been used as a surrogate to measure bioavailable AEO in the tests with individual chemicals and the mixtures.
The PS potentially provides a convenient analytical measurement to
quantify the bioavailability of complex AEO constituents in OSPWs
which are complimentary to more detailed analytical or modeling
approaches that support hazard and risk assessment. Recent results will
be presented along with application of the modeling and PS approach to
data from prior testing programs and from the open literature.
498 Preparative fractionation of oil sands process-affected water for
toxicological evaluations
A. Bauer, Univ of Waterloo / Biology; R. Frank, Environment Canada /
ACRD; C. Milestone, M. Rudy, S. Barrett, Environment Canada; J.V.
Headley, K.M. Peru, Environment Canada / Watershed Hydrology and
Ecology Research Division; D. Shang, P. Brunswick, Environment Canada;
D. Dixon, Univ of Waterloo; M. Hewitt, Environment Canada / National
Water Research Inst
The surface mining of oil sands material produces large quantities of oil
sands process-affected water (OSPW) stored in tailings ponds. Because
industry has proposed reclaiming these tailings ponds into viable lakes,
much research has focussed on investigating the toxicity of OSPW constituents. The complexity of OSPW makes interpreting toxicity results
difficult. The most toxic component of OSPW, the polar organic acids
(including naphthenic acids), are difficult to isolate and often substituted
with commercial naphthenic acids in toxicity bioassays. This study developed a preparative fractionation technique in order to separate OSPW
constituents, and provide adequate material to address their associated
toxicities with several different bioassays. A bulk 180-L sample of aged
(>20 years) OSPW was fractionated by reversed-phase solid phase extraction using a non-polar adsorbent resin (polystyrene-divinylbenzene).
The method involved altering organic acid solubility with pH adjustments and selectively isolating organic compounds using solvents of
different polarities. The resulting fractions were characterized using gas
chromatography (GC-) and liquid chromatography (LC-) Quadrupole
Time-of-Flight Mass Spectrometry (QToF/MS), electrospray ionization
high-resolution mass spectrometry (ESI-HRMS), synchronous fluorescence spectroscopy (SFS), and major ion analyses. The bulk fractionation
generated 5 fractions, and preliminary characterization of these revealed
that four fractions contained organic compounds with increasing polarity, and the fifth contained un-extracted inorganics (metals and salts).
Fraction 1 contained organics that displayed a relatively low polarity
and low synchronous fluorescence excitation wavelength maxima (~265
nm). Fraction 2 contained organics with a slightly greater polarity than
Fraction 1 and a wide range in synchronous fluorescence wavelengths
(maxima at ~282 nm and ~340 nm). Fraction 3 contained polar organics with the highest excitation wavelength maxima (~360 nm) relative
to the other 4 fractions. Fraction 4 contained a neutral polarity and a
similar excitation wavelength maxima as Fraction 1(~265 nm). Fraction 5
exhibited a very low synchronous fluorescence signal and very low polarity. While the primary focus of this method was the bulk extraction of
organic fractions, future research will involve testing the toxicity of each
fraction with a suite of bioassays and endpoints.
499 A non-targeted chemical analysis strategy for identification
of organic chemicals that cause acute toxicity of oil sands processaffected water
H. Peng, Univ of Saskatchewan / Toxicology Centre; H. Harbi, Univ of
Saskatchewan; J. Sun, S. Wiseman, Univ of Saskatchewan / Toxicology
Centre; P.D. Jones, Univ of Saskatchewan / School of Environment and
Sustainability; J. Giesy, Univ of Saskatchewan / Dept of Veterinary and
Biomedical Sciences and Toxicology Centre
Previous studies have shown that oil sands process-affected water
(OSPW) can cause multiple acute and chronic toxicities, however, it is
difficult to identify the causative agents due to complexity of OSPW.
This study established a novel strategy that combined untargeted
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chemical analysis and biochemical fractionation, to robustly identify
chemicals in relatively fresh OSPW from Base Mine Lake (BMLOSPW) that were causing toxicity. The strategy was used to identify
chemicals causing toxicities with or without known protein targets. For
example in acute toxicity for which protein targets are unknown, a solid
phase extraction method was developed for fractionation of the dissolved organic chemicals in BML-OSPW and it was found that acute
toxicity was specifically detected in the DCM/Hex fraction, which
showed 5-10 fold greater toxicity than other fractions of BML-OSPW
or aged OSPW from the Pond 9 experimental reclamation pond. A
computation algorithm was used in untargeted detection of compound
peaks in samples, and 155,892 and 80,830 peaks were detected by use
of HPLC-Orbitrap ultra-high resolution mass spectrometry in positive
and negative mode, respectively. Peaks that were of greater abundance
in toxic fractions than nontoxic fractions were expected to be potential
causative compounds. After constraining the multiple cutoff values
according to toxicity results, the number of putative causative compounds was narrowed to 83. Molecular formulae were calculated for the
83 compounds based on isotope distribution and exact mass. Chemical
structures of some compounds were searched from in silica databases
by combining MetFrag and MetFusion software. Results of this study
demonstrate that a combination of untargeted chemical analysis and
biochemical fractionation can be used to efficiently identify chemicals in
complex mixtures of OSPW that caused specific types of toxic effects.
500 Long term effects in fathead minnow exposed to oil sands sediments early in life
C. Vignet, Z. Wang, C. Yang, Environment Canada; R. Frank, Environment
Canada / ACRD; M. Hewitt, Environment Canada / National Water
Research Inst; M.E. McMaster, Environment Canada / Water and Science
Technology Directorate Aquatic Contaminants Research Division; J. Parrott,
Environment Canada / Water Science and Technology Directorate
One of the theories that have been proposed in Canada’s oil sands area
is that early exposure of fish to oil sands related compounds in rivers may cause effects later in life, even after the fish grow and move to
larger rivers far from oil sands. The aim of this study was to characterize
potential effects of natural oil sands sediments on the fathead minnow in
a lifecycle test that assesses growth, maturation, and reproduction. Fish
were exposed for 22 days, from egg fertilization to 16 days post hatch
(dph) to 1 or 3 g/L of river sediment from 3 different sites: a control site
(alkyl PAHs ≈ 3 ng/g wet weight sediment), one site influenced by the
natural oil sands (alkyl PAHs ≈ 6200 ng/g), and one site with natural oil
sands that is near mining development (alkyl PAHs ≈ 4500 ng/g). After
this embryo-larval exposure period, fish were transferred to clean water
flow-through tanks and raised to adulthood. Deformities and reduced
weight were observed during the exposure period, but growth recovered
over time in clean water. Reproduction was decreased (significantly fewer
eggs laid) in fish exposed to 3 g/L sediment from the river near mining
development. However, although there were effects on the early-exposed
fish, there were no effects in their offspring as the F1 showed good
hatching, survival, and very low incidences of deformities.
501 Effects of Oil Sands Reclaimed Wetlands on Native Amphibians
J. Klemish, Indiana State Univ / Biology; S. Bogart, Univ of Lethbridge /
Dept of Biological Sciences; G.G. Pyle, Univ of Lethbridge / Biological Sciences
Oil sands mining companies are required by law to reclaim land that is
mined or disturbed by their operations. The majority of reclaimed wetlands are constructed marshes, while other reclaimed wetlands formed
opportunistically in reclaimed areas. Whether constructed or formed,
many of these wetlands contain oil sands process-affected materials
that contain contaminants such as naphthenic acids, polycyclic aromatic
hydrocarbons, and metals. It is important to determine whether these
wetlands can support wildlife to the same extent as regional reference
wetlands. Amphibians were used as model test species because they have
both an aquatic and a terrestrial stage which makes them particularly
sensitive to contaminants. Thus, we examined the ability of reclaimed
and opportunistic wetlands to support tadpoles of native amphibian
species—wood frogs (Lithobates sylvaticus) and Boreal chorus frogs
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(Pseudacris maculata)—using field and lab studies. Early stage tadpoles
were exposed in situ to eight wetlands on an oil sands lease and two
regional reference wetlands and monitored for survival, growth, and
development. In wetlands, tadpoles would naturally be exposed to water
and sediment, however, our in situ enclosures prevented contact with
sediment. This is important because wetland sediment acts as contaminant sinks in wetlands, thereby potentially transforming sediment into a
contaminant source. In a lab exposure, we used mesh exclusions to compare the toxicity of water and sediment collected from our field sites and
determine if any effects observed are due to direct or indirect sediment
exposure. After the exposures, tadpole survival and sub-lethal endpoints
(e.g., body burden of metals, behavior, and respirometry) will be measured. Our research will determine whether these wetlands can support
tadpoles throughout metamorphosis. Current results will be presented.
502 Diluted bitumen causes deformities and molecular responses
indicative of oxidative stress in Japanese medaka embryos
B.N. Madison, Royal Military College / Chemistry and Chemical
Engineering; P.V. Hodson, Queens Univ / School of Environmental Studies;
V.S. Langlois, Royal Military College of Canada / Dept. of Chemistry /
Chemistry and Chemical Engineering
Continental transport of diluted bitumen (dilbit) from Alberta’s oil sands
will require current and future pipelines that traverse major watersheds
inhabited by a variety of fishes. In the event of a spill, fish embryos would
be at unique risk of dilbit exposure because of their immobility. The
toxicity of crude and refined oils to fish embryos has been broadly investigated, but not the toxicity of dilbit. Here, we compared the chronic
toxicity of two predominant dilbits, Access Western Blend (AWB) and
Cold Lake Blend (CLB), to embryos using a model teleost, Japanese
Medaka (Oryzias latipes). Through an ecotoxicogenomic approach, we
are identifying biomarkers that indicate species-specific sensitivity to
dilbit toxicity via rapid assessment of fish embryos. Medaka embryos
were exposed to a range of dilbit water accommodated fractions (WAF:
0.1-9.1 µg/L Total PAHs, TPAH), and chemically enhanced WAF
(CEWAF: 0.1-90 µg/L TPAH, with Corexit®9500 dispersant, 1:10) of
both AWB and CLB from early development until hatch (17 d). Hatched
fish were assessed for signs of blue sac disease (BSD) and gene expression
analysis by qRT-PCR. The relative mRNA levels of targets associated
with the general cellular stress response, including phase I and II detoxification (ahr, arnt, cat, cyp1a, gpx, gst, gsr, g6pdh, hsp70, nfe2, and p53)were
assessed. At high concentrations of WAF and CEWAF, dilbit exposure
resulted in BSD in up to 80% of embryos. Predominant effects included
craniofacial deformities and abnormal swim bladders, but the latter
effect was more prevalent with CEWAF and dispersant-only treatments.
Increases in cyp1a mRNA synthesis were 15- and 25-fold with WAF and
CEWAF treatment, respectively, and additional concentration-related
increases were observed for hsp70, g6pdh, gsr, p53, and sod transcripts.
Downstream targets of oxidative stress pathways showed small, but
significant responses (1- to 2-fold) to dilbit WAF at concentrations
below the EC50 for BSD. In contrast, CEWAF treatment decreased
the ability of fish to cope with toxicity through the reduced synthesis of
genes involved in regulating oxidative stress. On-going work will evaluate novel dilbit-responsive biomarkers in medaka using a transcriptional
microarray. Validated genomic targets will be used to assess the risk and
sensitivity of economically-important species native to North American
waters along pipeline routes.
503 Naphthenic acid mixtures accelerate differentiation of mouse
embryonic stem cells and promotes cardiac development
G.J. Van Der Kraak, P. Mohseni, N.A. Hahn, Univ of Guelph / Dept of
Integrative Biology; R.E. Frank, Environment Canada / Water Science and
Technology Directorate; M. Hewitt, Environment Canada / National Water
Research Inst; M. Hajibabaei, Biodiversity Inst of Ontario
Extraction of petrochemicals from the surface mining of oil sand deposits results in generation of large volumes of oil sands process-affected
water (OSPW). Naphthenic acids (NA), which are a complex mixture
of acyclic, monocyclic and polycyclic carboxylic acids, are generally
considered to be among the most toxic components of OSPW. Previous
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studies have shown that NAs are toxic to aquatic organisms, however
knowledge of their effects on mammalian health and development is
limited. In the present study, we evaluated the developmental effects of
an NA extract prepared from OSPW on differentiating mouse embryonic stem (ES) cells. We found that treatment of differentiating cells
with the NA extract at non-cytotoxic concentrations alters expression
of various lineage specification markers and development of the heart.
Notably, expression of cardiac specific markers such as Nkx2-5 and
Gata4 were significantly up-regulated. Moreover, exposure to the NA
extract accelerated differentiation of embryoid bodies and resulted in the
early appearance of spontaneously beating clusters. Interestingly, exposure of undifferentiated mouse ES cells to the NA extract did not change
the expression level of pluripotency markers (i.e., Oct4 and Nanog)
suggesting that the observed phenotype was not due to down-regulation
of the pluripotency signaling network. Altogether these data identify
the molecular pathways that are affected by components within this NA
extract during differentiation of mammalian cells.

Fate, Toxicology or Risk Assessment of
Materials of Interest to the Military
504 Environmental Available, Bioavailable, and Total Metal: What is
Appropriate for Risk Assessments at Military Sites
J. Clausen, US Army Corps of Engineers; A. Bednar, US Army Corps of
Engineers ERDC; B. Swope, SPAWAR Systems Center Pacific; T. Cary,
US Army Corps of Engineers ERDC; D.A. Anders, US Army Installation
Management Command (IMCOM) / Army Environmental Command AEC
A standard sample preparation method for metals analysis is the nitric
acid United States Environmental Protection Agency (USEPA) SW-846
Method 3050B – Acid Digestion of Sediments, Sludges, and Soils,
which yields, according to the method, the “environmentally available”
metal. More robust digestion methods are also available such as hydrofluoric acid, aqua regia, and lithium borate fiusion, which yield a total
metal result. Finally, a variety of specialized tests have been developed to
determine the bioavailable metal. Each of these tests typically relies on
sieving the material to remove the oversize fraction, so that the remaining
material is ≤ 2 mm. Removal is performed because the USEPA considers material > 2 mm is not sediment, sludge, or soil. Analysis is then
performed on the ≤ 2 mm. However, some government agencies require
sieving to < 150 µm and analysis to simulate lead sticking to the hand of a
child and subsequent ingestion. Recently, discussions by some risk assessors and regulatory agencies have centered on the discard of the oversize
fraction and whether this material should be considered in the risk assessment process. At military ranges, a significant fraction of the total metal
content is in the > 2 mm size class. Presently, there is a lack of consensus
on the proper sample preparation and analysis methods for soils containing metallic residues at military ranges. This paper present results for a
comparison of the standard USEPA Method 3050B, new Method 3050C
(under development to include Incremental Sampling Methodology),
physiologically based bioavailability extraction tests, diffusive gradient
thin films, bioaccumulation and toxicological testing using the lumriculid
earthworm (Eisenia fetida) and ryegrass (Lolium rigidum) for different size
classes of soil obtained from a military small arms range. Comparison
studies involved triplicate analysis for each test to evaluate precision with
a relative standard deviation target of 15 percent. Preliminary findings indicate Method 3050C results in improved precision and metal
concentrations that are more conservative than Method 3050B. Higher
metal levels were observed for samples having a particle size of < 150 µm.
Physiologically based bioavailable extraction tests yield different results
amongst themselves as well as compared to Method 3050.
505 Ecological Risk Assessment at a Canadian Force Base – Part 1:
Problem Formulation
D.R. Johnson, GHD / Environmental Laboratory; J. Olson, GHD
An ecological risk assessment (ERA) has been initiated for a heavily
used range at a Canadian Force Base located in eastern Canada. This

presentation describes the problem formulation component of the ERA
process, according to Environment Canada guidelines. The study area
consists of several ranges, located at the base and on the side of a hill,
that are bare or have the consistency of uncultivated land. The ranges
have been used for decades and have served many purposes, including
small arms firing range, experimental test range, rocket range, and open
burn/open detonation. Most traditional military constituents have been
used on the site, including explosives (2,4,6-trinitrotoluene [TNT] and
hexahydro-1,3,5-trinitro-1,3,5-triazine [RDX]), propellants (ethylcentralite), oxidizers (perchlorate), fillers (phthalates), and metals. Novel
munitions and munitions under development have also been used on the
ranges. In addition to military constituents, the herbicide glyphosate has
been applied for weed control on portions of the study area. The ranges
are surrounded by woodland areas, a river, streams, lakes, and wetland
areas. The ranges are not hospitable areas for most receptors of interest, but the surrounding areas are prime habitat for local and migratory
receptors. Terrestrial receptors of concern consist of primary producers, invertebrates, amphibians, reptiles, birds, and mammals. Aquatic
receptors of concern consist of primary producers, aquatic invertebrates
(pelagic and benthic), fish, amphibians, reptiles, birds, and mammals.
In addition, species at risk (SAR), both federal and provincial, are
taken into consideration and are classified as none, low, medium, or
high potential of being present at the study site. SAR with high priority
include common nighthawk, Canada warbler, wood turtle, and crinkleroot. Finally, screening levels were used to identify chemicals of potential
ecological concern, giving priority to values in the following order:
federal, provincial, international (e.g., US Environmental Protection
Agency), and others relevant sources (e.g., US Army). This problem formulation presentation will provide the basis for a full ERA for the study
area on the CFB.
506 Short-Term Toxicity and Long-Term Developmental Effects of
3-Nitro-1,2,4-Triazol-5-One (NTO) to the Northern Leopard Frog
(Lithobates pipiens)
D.A. Pillard, TRE Environmental Strategies / Environmental Toxicology;
W. ECK, M.S. Johnson, US Army Public Health Command; S. Packard,
TRE Environmental Strategies
New energetic compounds, known as Insensitive Munitions eXplosives
(IMX), are being developed to replace conventional munitions explosive fills such as TNT, with the goal of improved safety and Soldier
survivability. These compounds are more stable and much less prone to
unintended detonation when exposed to threat on the battlefield or in
the logistics supply chain. One such compound is 3-nitro-1,2,4-triazol5-one (Nitrotriazalone or NTO). Acute/short-term chronic studies
and a one-generation exposure study with the Northern Leopard Frog,
Lithobates pipiens, were conducted to provide information on potential
toxicity to amphibians, which are known to be sensitive indicators of thyroid effects from exposure to environmental contamination. Tests with
ambient (acidic) and pH-adjusted NTO were conducted. Tests were initiated with larval anurans (< 48 old) at approximately Gosner Stage (GS)
21-22, at 23°C. Once tadpoles reached GS 25 (no external gill filament)
they were fed a standard amount of food which increased throughout the
test as organisms grew; test solutions were aerated upon commencement
of feeding. Acute/short-term chronic studies were 7 to 28 days in length;
the static renewal one-generation test continued through maturation to
froglet stage and emergence from the water (~GS 46). NTO was shown
to be highly stable in water, with little or no loss in test concentration
between renewal periods. The 7-day LC50 of non-pH adjusted NTO
to L. pipiens was ~250 mg/L, while the LC50 of pH-adjusted NTO (to
~7.5) over the same time period was ~5,000 mg/L, suggesting that the
acidic pH itself may be the primary driver of toxicity to ambient NTO.
Tadpole growth metrics (such as width and snout-to-vent length) were
influenced at sublethal NTO concentrations. Long-term developmental
impacts will be presented. Relative to more traditional energetic, such as
TNT and RDX, NTO may be a preferable alternative from the perspective of environmental toxicity as well as Soldier safety.
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507 Biological Response & Global Transcript-Expression
Comparisons in Rana pipiens Tadpoles to Screen Conventional versus
Insensitive Munitions
K.A. Gust, J.K. Stanley, G.R. Lotufo, M. Wilbanks, US Army Engineer
Research and Development Center / Environmental Laboratory; F.
Najar, Univ of Oklahoma; L. Escalon, US Army Engineer Research and
Development Center / Environmental Laboratory
Our objective was to characterize and compare the impacts of traditional
munitions constituents (MCs) with newly developed insensitive munitions (IMs) by assessing exposure-effects in critically sensitive larval
stages of amphibian development using leopard frog tadpoles (Rana
pipiens). We hypothesized that (1) the sensitivity of amphibian responses
to IM exposures was equivalent to traditional MC exposures and (2)
the mechanisms conferring sensitivity among MCs and IMs were alike.
To test these hypotheses, we utilized a systems toxicology approach
to robustly assess and compare the toxicological impacts, toxicokinetics and the molecular mechanisms underlying the impacts and lethality
of traditional MCs (2,4,6-trinitrotoluene [TNT] and cyclotrimethylenetrinitramine [RDX]) and IMs (2, 4- dinitroanisole [DNAN] and
3-nitro-1, 2, 4-triazol-5-one [NTO]) in R. pipiens tadpoles. The 96-h
LC50s including 95% confidence intervals for TNT and DNAN were
4.4 mg/L (4.2 -4.7 mg/L) and 24.3 mg/L (21.3- 27.6 mg/L), respectively
while no significant impacts on survival were observed in RDX exposures up to day 10. In 28-d exposures, the LOECs for survival for TNT,
DNAN, and NTO were 0.003 mg/L, 2.4 mg/L, and 5.0 mg/L, respectively while no significant mortality was observed in the RDX exposure.
Neither the MC nor IM exposures significantly affected tadpole development. Rapid bioaccumulation and approach to steady state body burdens
were observed in tadpoles in the TNT, DNAN and RDX exposures as
well as rapid elimination when moved to clean water. NTO had limited
accumulation in tissues with a bioconcentration factor of 0.25 L kg-1.
Global transcript expression analysis indicated that DNAN exposures
caused significant enrichment of biological functions including PPAR
signaling, energy metabolism, oxidative stress mitigation pathways and
ferritin metabolism, similar to those observed in the TNT exposures and
especially in dinitrotoluene (DNT) exposures. NTO exposes affected a
number of biological functions not observed in TNT, DNAN and DNT
exposures, including lysosome pathways, cellular and macromolecular
degradation, immune response and anti-inflammatory responses indicating a unique toxicological mode of action for NTO. Overall, IMs tended
to have lower toxic potency than TNT in R. pipiens tadpoles where
DNAN had a similar mode of action to nitrotoluenes, whereas NTO had
a transcript expression profile indicative of a unique mode of action.
508 Coupling biotransformation of 2,4-dinitroanisole (DNAN) in
anaerobic soil solutions to a multidimensional toxicity assay using
zebrafish embryos
C. Olivares, Univ of Arizona / Chemical and Environmental Engineering;
L. Abrell, Univ of Arizona / Soil Water and Environmental Science Dept of
Chemistry Biochemistry; M. Simonich, Oregon State Univ / Environmental
and Molecular Toxicology the Sinnhuber Aquatic Research Laboratory and
the Environmental Health Sciences Center; J. Chorover, Univ of Arizona /
Soil Water and Environmental Science; R. Sierra-Alvarez, J.A. Field, Univ
of Arizona / Chemical and Environmental Engineering
2,4-dinitroanisole (DNAN) is an insensitive munitions compound,
developed to replace conventional munitions such as 2,4,6-trinitrotoluene (TNT), because it is more stable and safer to handle. Although
DNAN is manufactured and used, there is little information about the
environmental fate and toxicity of this nitroaromatic compound. We
have characterized the relative abundance of products from DNAN
biotransformation in anaerobic submerged soil microcosms using liquid
chromatography quadrupole time-of-flight mass spectrometry in order to
determine the transformation pathway and fate of DNAN in anaerobic
soil environments. DNAN was shown to be reduced to aromatic amines,
and during biotransformation, coupling reactions formed azo dimers and
oligomers. A library of these compounds and best available surrogates
were tested for acute toxicity in a multidimensional in-vivo developmental and behavioral toxicity assay using the zebrafish (Danio rerio) embryo
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model. DAAN (640 µM) affected swimming motion in the behavioral photoresponse assay, and one of the azo dimers caused significant
developmental toxicity effects at six endpoints for concentrations as
low as 6.4-64 µM. Moreover, toxicity changes of the aqueous fraction
of DNAN degradation products at different stages of biotransformation were assessed to provide a simulation of environmental exposure of
bioavailable products in anaerobic soil environments.
509 Environmental Fate, Transport, and Toxicity Considerations in
Fielding Insensitive Munitions: Lessons Learned
M.S. Johnson, Toxicology Portfolio; L.C. Crouse, E.M. Lent, US Army Inst
for Public Health / Toxicity Evaluation Program; M.J. Quinn, US Army
Public Health Command / Health Effects Research Program; V.H. Adams,
US Army Inst for Public Health / Health Effects Research Program; A.
Jackovitz, US Army Public Health Command / Toxicology
High explosive munition fills that are relatively insensitive to unintended
external stimuli (e.g., fires, snipers, IEDs etc.) offer the potentials for
saving lives and minimizing property loss in the theater of war, where
ammunitions are used, transported and stored in bulk amounts. New
research in developing these insensitive explosive materials is rapidly
progressing and some formulations use novel molecules that have not
yet been fully characterized from an environmental and human health
perspective. One such substance, 3-nitro-1,2,4-triazol-5-one (NTO)
was tested for mammalian and avian toxicity under controlled conditions. Mammalian tests revealed male reproductive effects where sperm
production was effected at 315 mg/kg-d. However subsequent endocrine
disruption tests yielded largely negative results. Reproductive and developmental assays showed reductions in sperm production without changes
in birth rates. Preliminary results from an extended one generation study
suggest that NTO acts directly on Sertoli cells to inhibit germ cell formation. Subchronic effects on birds include neuromuscular responses at
high oral doses. Other environmental considerations will be discussed.
510 Derivation of Clean-up Values Protective of Soil Ecological
Receptors for Nitrogen-Based Energetic Soil Contaminants
R.G. Kuperman, Edgewood Chemical Biological Center; R. Checkai,
US Army Edgewood Chemical Biological Ctr / Molecular Toxicology
Environmental; M. Simini, US Army Edgewood Chemical Biological Center
/ Environmental Toxicology
Presently, there is no uniform guidance for developing soil clean-up values
(SCVs) for energetic materials (EM) in soil. Draft ecological soil screening levels (Eco-SSLs) for EMs, and the ecotoxicological benchmarks
used to derive those Eco-SSLs, have been misapplied for soil remediation
at EM-contaminated sites. We propose a new approach for developing
site-specific SCVs for EMs that are protective of ecologically relevant
receptors in soil. Using plant, soil invertebrate, and critical soil processes
(when such data were available) toxicity data for several nitrogen-based
EMs, we developed species sensitivity distributions (SSDs) for individual
EM. These SSDs were then used for the derivation of SCVs encompassing a range of protection levels for each EM. This approach was applied
to developing SCVs for several EM compounds that are commonly found
at the Dept of Defense (DoD) ranges. The newly-developed approach can
provide site managers and regulators with a risk assessment tool which
allows them to select specific hazardous concentration (HC) values (e.g.,
HC5 or HC50 protection level) they wish to use to derive an SCV protective of plants, soil invertebrates, and critical soil processes.
511 PFOS and PFOA: Ecological Risk Assessment Methods,
Findings and Decisions
U.K. Vedagiri, AECOM / Design and Consulting; C. Archer, AECOM
Environment
Perflourooctane sulfonate (PFOS) and perfluorooctanoic acid (PFOA)
are under increasing scrutiny regarding their potential for ecological risk
in the environment. While there is a vast amount of information available
in the literature regarding exposures and body burdens of PFOS and
PFOA in ecological receptors, reliable and usable screening values for
soil, sediment and water as well as values for critical body residues (CBRs)
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and toxicity reference values (TRVs) are still under development. While
many laboratory studies are available, these data are not always practical for use in ecological risk assessments (ERAs). Questions regarding
what type of abiotic and tissue data may be most appropriate for use (e.g.,
blood serum, liver tissue or whole body) need to be considered. There are
also many methodological differences in how toxicity data are interpreted
and used by different agencies. Therefore, ERAs for these chemicals in a
contaminated site setting requires careful consideration of data needs and
data uses and selection of appropriate receptors and TRVs. This presentation will describe aquatic and terrestrial ERAs for PFOS and PFOA with
an emphasis on appropriate data collection, selection and development of
screening values, CBRs and TRVs and how this can affect final conclusions and decision-making at contaminated sites.

Aquatic Toxicology and Ecology General –
Part 2
512 The Organizational Effects of PBDE-47 Exposure on
Reproductive Function in Early Life Stage Fathead Minnows
L. Thornton, E.M. Path, G.S. Nystrom, Texas Christian Univ / Dept of
Biology; B.J. Venables, Univ of North Texas / Biology; M.K. Sellin Jeffries,
Texas Christian Univ / Dept of Biology
Polybrominated diphenyl ethers (PBDEs), manufactured for use as
flame-retardants, have been designated as “contaminants of emerging
concern” by the United States Environmental Protection Agency due in
part to their environmental ubiquity and persistence. Previous studies
have shown that PBDE-47, a congener which exhibits both estrogenic and anti-androgenic activity, alters reproduction in adult fishes.
However, few studies have sought to determine whether exposures to
PBDE-47 during early life stages induce organizational effects that
permanently alter reproduction. As such, the objective of the current
study was to determine whether embryo-larval exposures to PBDE-47
alter sexual differentiation and reproduction in the fathead minnow
(Pimephales promelas). Minnows were exposed to a low- and high-dose
of PBDE-47 from fertilization to 32 days post hatch via a combination
of maternal transfer and dietary exposure. At 2 and 32 dph, larvae were
sampled, so that the expression of estrogen- and androgen-related genes
could be analyzed. Minnows were then raised on a clean diet until sexual
maturity (~6 months old) at which point the sex ratio of each group was
determined and reproductive success (fecundity, spawning frequency,
fertilization etc.) was evaluated. Minnows exposed to PBDEs during
early development did not experience alterations in the expression of
the selected target genes. However, minnows exposed to PBDE-47,
regardless of dose, experienced significant decreases in fecundity and
clutch size relative to the controls suggesting an impairment in reproductive function. In addition, PBDE-47 exposures significantly skewed
the sex ratios of exposed groups as evidenced by a significant increase
in the proportion of females. Furthermore, male FHMs exposed to the
high PBDE-47 dose were demasculinized, as indicated by a significant
reduction in the number of nuptial tubercles relative to controls. These
findings, when considered together, demonstrate the ability of early
life stage exposures to PBDE-47 to alter the sexual differentiation and
reproductive capacity of exposed fish. In the environment, these reductions in reproductive output would likely be compounded by altered sex
ratio within the population as well as the demasculinization of male fish,
leading to adverse population level effects.
513 The Combined Effects of Metal Contamination and Sediment
Deposition on Benthic Invertebrate Colonization at North Fork
Clear Creek Superfund Site, CO
B. Dabney, Colorado State Univ / Fish Wildlife and Conservation Biology;
J. Williamson, J.F. Ranville, Colorado School of Mines / Chemistry and
Geochemistry; W.H. Clements, Colorado State Univ / Fish Wildlife and
Conservation Biology
The combined effects of sediment deposition and metal contamination
can pose serious risks to aquatic ecosystems, particularly in mountainous

regions. This research examined the effects of metal contamination and
sediment infiltration on benthic invertebrate colonization at the North
Fork of Clear Creek (NFCC), a USEPA Superfund site in Black Hawk,
Colorado, USA. In August 2014 metal-contaminated coarse and fine
sediment was transported to an upstream reference site where the rate
of colonization by benthic macroinvertebrates was observed for 30 days.
In addition to the presence or absence of metal-contaminated sediment,
results were interpreted using grain size, organic matter, and species
traits. The rate of colonization was slower in treatments with metal-contaminated fine sediment compared to other treatments. Abundance and
species diversity in treatments increased over time for all insect orders;
however, these changes were much slower in treatments with metalcontaminated fine sediment. Further analysis showed large effects of fine
sediment on the caddisfly Rhyacophila and the stonefly Isoperla. Of the
dominant taxa that colonized trays, we also observed shifts in the size
distribution to smaller organisms in contaminated fine sediment treatments compared to clean fine sediment. Our results indicate a need to
focus on interpreting other abiotic variables and species traits when estimating stream recovery. In particular, colonization rate of dominant taxa
should be quantified when assessing ecosystem responses to stream restoration. Additionally, responses of univoltine taxa such as Rhyacophila and
Isoperla suggest that predators and clingers are at greater risk in areas of
sediment deposition, which can be an impediment to long-term recovery
of aquatic ecosystems.
514 Non-Lethal Detection of Intersex (Testicular Oocytes) in Black
Basses (Micropterus spp.) using Laparoscopy
A. MacLeod, Univ of Maryland, College Park / Environmental Science and
Technology; L.T. Yonkos, Univ of Maryland / Environmental Science and
Technology; F.E. Pinkney, US Fish and Wildlife Service / Chesapeake Bay
Field Office; R.M. Harrell, Univ of Maryland / Dept of Environmental
Science and Technology
The appearance of intersex in wild fish populations has received
considerable attention in the scientific literature and public media.
Characterizing the health status of a fish population often requires
tissue collection for histopathology and/or contaminant analysis. To
date, the tools available for such collection either require sacrificing
the fish for tissue dissection or complex and invasive surgery with long
post-operative holding times and a high likelihood of infection and
subsequent mortality. We examined the efficacy of endoscopy via the
genital pore (laparoscopy) as a non-lethal, minimally-invasive sampling
technique for collection of black bass (Micropterus spp.) gonadal tissue for
the detection of testicular oocytes (TO). Laparoscopic insertion into the
body cavity allows testis tissue collection via biopsy without penetration
through the body wall. The method has been previously demonstrated
to be effective for non-lethal gender identification by allowing internal
visualization and biopsy of gonadal tissue with high survival, rapid healing, and minimal infection. Our research expands on previous efforts
by collecting multiple testis biopsies (n=5) from individual fish with the
purpose of quantifying TO prevalence and, potentially, severity. Postoperative recovery and healing were assessed at intervals up to 28 days
in a lab-controlled setting using hatchery reared male largemouth bass
(n=24). Post-surgery survival was high (>80%) as was healing based on
integrity of the urinary bladder (>90%). Laparoscopic tissue collection
and conventional tissue dissection were performed on approximately
200 largemouth and smallmouth bass collected from six Atlantic coast
states ranging from Florida to Vermont. The methods were generally
comparable in ability to detect the presence of TO (e.g., calculation of
TO prevalence). Measures of TO severity, however, were more difficult
to ascertain using laparoscopy compared to conventional cross-sections.
Detailed results and implications will be discussed.
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515 Effects of the presence of plankton on the acute toxicity and morphological effects of crude oil to larval bay anchovy (Anchoa mitchilli)
S. Webb, Texas Tech Univ / The Inst of Environmental and Human
Health; T.A. Duffy, K.A. O’Shaughnessy, Louisiana Universities Marine
Consortium; E.E. Saal, Louisiana State Univ Agricultural Center /
Environmental Science; R.J. Portier, Louisiana State Univ; E. Chesney,
Louisiana Universities Marine Consortium
Bay anchovy (Anchoa mitchilli) are estuarine fish abundant along the
coastlines of the eastern United States and Gulf of Mexico. Because
these fish spawn in spring and summer months it is likely that embryonic and larval bay anchovy were affected by the Deepwater Horizon oil
spill. We compared the effects of crude oil on bay anchovy embryos and
larvae in oiled seawater with and without plankton present. These tests
included 24 hour, static exposures spanning embryo development and
hatch beginning at 10-12 hours post-fertilization. Embryos were exposed
to high-energy water-accommodated fraction (HEWAFs) of Macondo
surrogate oil at 46 mg/L and 92 mg/L. Both zooplankton (Brachionus
plicatilis) and phytoplankton (Nannochloropsis oculata) were added to
exposure beakers to determine the impacts of these organisms on crude
oil toxicity. Mortality of bay anchovy larvae was significantly greater in
trials with both zooplankton and phytoplankton present (40%), and in
trials with only phytoplankton present (10%). Additionally, morphological effects were increased at the high dose (92 mg/L) in the presence of
plankton as compared to trials without plankton. Morphological effects
included curved spine, yolk sac abnormalities, fin fold degradation, and
craniofacial abnormalities. These results suggest that exposures that
include plankton are important in understanding the effects of crude oil
on bay anchovy larvae.
516 Modulation of stress axis function in three-spined sticklebacks
exposed to WWTW effluent persists in fish translocated to an unpolluted environment
P. Matthiessen, Independent Consultant; T. Pottinger, Centre for Ecology
and Hydrology
The neuroendocrine stress response in vertebrates is susceptible to modulation by chemicals that mimic hormones, or interfere with the function
of hormone synthesis, metabolism and receptor interactions. Interference
with the function of the hypothalamic-pituitary-adrenal/interrenal
(stress) axis will compromise the ability of the animal to mount an
appropriate response to stressors and has clear fitness implications.
This issue is particularly pertinent to aquatic vertebrates in waterways
receiving complex domestic, agricultural or industrial effluents. Recent
investigations have shown that the stress response of three-spined
sticklebacks (Gasterosteus aculeatus) downstream of WWTW discharges
in rivers in NW England, measured as the confinement-stress-induced
increase in the steroid hormone cortisol, is modified in proportion to
the concentration of effluent to which the fish are exposed. A translocation study was conducted in order to investigate whether the alterations
in stress responsiveness seen in WWTW-exposed sticklebacks are the
result of robust genetic or epigenetic factors, or are instead phenotypic
and dependent upon an ongoing exposure to contaminants. During
October 2013 sticklebacks were collected from sites downstream of each
of eight WWTWs in NW England, with a range of effluent concentrations at the capture sites between 21% and 95% of the total river flow.
The sampled fish were transferred to an aquarium facility and held in a
continuous flow of water originating from an unpolluted rural storage
reservoir for 5 months. After this period (March 2014) the responsiveness of the stress axis of the translocated fish was tested using the
standardised confinement protocol in which stress-induced cortisol
release to water was measured. At the same time (March 2014), the
original sample sites were revisited and the responsiveness of the stress
axis of fish at each site was evaluated in an identical manner. The stressinduced cortisol response exhibited by both the wild-caught fish and
the translocated fish was proportional to the concentration of WWTW
effluent at the site of origin. These findings suggest that the variation
in stress response seen across sites affected by WWTW effluent is not
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dependent upon acute effects of exposure but rather is a robust trait that
may reflect local adaptations at a genetic level, or persistent effects on the
stress axis arising from epigenetic mechanisms.
517 Suspended Sediment Effects on Smallmouth Bass (Micropterus
dolomieu)
B. Suedel, US Army Corps of Engineers / CEERD-EPR; J.L. Wilkens,
US Army Engineer Research and Development Center; A.J. Kennedy,
CEERD-EPR / Environmental Laboratory; S.W. Pickard, US Army Corps
of Engineers / Buffalo District
Dredging operations may increase resuspension of sediment during brief
periods, sufficient to affect local fish populations, including spawning
activities. Sediment collected from two harbors, one on Lake Michigan
and other on Lake Erie, was suspended (0, 100, 250 and 500 mg/L TSS)
continuously in laboratory exposures for 72 hr to determine the effects
on hatch of eggs and survival and growth of larval fish of smallmouth
bass (Micropterus dolomieu). Egg experiments indicated that exposure to
suspended sediments (≥ 100 mg/L TSS) resulted in reduced survival;
however, survival was not reduced (≥ 90%) in the larval experiments at
the highest exposure concentration. Egg shells observed near the top of
exposure chambers indicated the larvae hatched during the egg experiments suggesting mortality may have occurred after hatching. Sublethal
effects were observed in growth of fish in the larval experiment (≥ 100
mg/L). Larval fish exposed to suspended sediment were held for a 7 and
21 day grow-out period depending on sediment source. Growth and
survival of grow-out fish were variable suggesting the sediment type and
strain of fish may influence lingering effects after cessation of exposure.
Our research suggests eggs are robust but newly hatched larvae, which are
temporarily immobile, are variously affected by suspended sediment. The
more mobile swim-up larvae were found to be more tolerant of high TSS
concentrations. However, reduction in visibility affects foraging success;
therefore, larval growth is reduced during a sediment resuspension event.
518 Review of the Environmental Fate and Effects of Drill Cuttings
and Associated Drilling Fluids Discharged from Offshore Oil and
Gas Operations
J.M. Neff, Neff & Associates LLC; D. Sanzone; D.A. Lewis, AECOM
/ Environment; N. Vinhateiro, RPS ASA; J.A. Blake, AECOM; M.K.
Surprenant, AECOM / Environment
Technological advancements in offshore oil and gas exploration and
development in the last few decades have included development of
high-performance non-aqueous drilling fluids (NADFs) and high-performance water-based fluids (HPWBFs) that function more efficiently
with less environmental effects than conventional water-based drilling
fluids (WBFs) in technically difficult drilling operations. Processed drill
cuttings containing small amounts of synthetic NADFs and WBFs are
permitted for ocean discharge in many parts of the world. This analysis
summarizes data collected from field, laboratory and modeling studies over the last decade to determine the environmental fate and effects
of ocean discharges of drill cuttings processed with advanced cuttings
treatment technologies. The accumulation area and thickness of drill cuttings on the seafloor is a function of the cuttings type (WBF or NADF
cuttings), the amount of non-aqueous base fluids (NABF) retained on
the cuttings, particle size and density of the cuttings, and the physical
oceanographic profile at the discharge site. Seafloor cuttings accumulation causes changes in the physical properties and chemical composition
of the sediments that can affect benthic fauna. Numerical models
developed over the least decade often include new algorithms to quantify
the exposure of water-column and benthic communities to NADF cuttings. Several large multi-year monitoring programs and smaller studies
of NADF cuttings discharges under various oceanographic conditions
were reviewed. Results show that, in general, benthic biological effects
were caused primarily by burial, texture changes, and sediment oxygen
depletion. The most pronounced effects usually were found within 0.25
km of the wellbore with lesser effects observed to 2 km. Long-term field
studies showed that, recovery usually began shortly after drilling ceased
and was often advanced within a year. In some cases, full recovery was
delayed until physical and chemical properties of sediments returned to
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pre-discharge conditions. The physical impacts to benthic fauna, including burial effects, regardless of the fauna type, appear to be greater at
shallower ocean depths (1000 m).

the human receptor. Finally, I will illustrate how knowledge of complex
exposures derived from models could be used to improve the practice of
risk assessment.

519 Occurrence and toxicity of current-use pesticides in sediment in
agricultural waterways: A case study in Fujian, South China
Y. Wei, Guangzhou Inst of Geochemistry, Chinese Academy of Sciences;
J. Zhang, Jinan Univ / School of Environment; H. Li, Guangzhou Inst
of Geochemistry / Chinese Academy of Sciences; J. You, Guangzhou Inst
Geochem, Chin Acad Sci / State Key Laboratory of Organic Geochemistry
To assess the ecological risk of current-use pesticides in agricultural area,
a sampling campaign was conducted in September 2014 and twenty
three sediment samples were collected from agricultural waterways in
Fujian, South China. Rice planting is main agricultural practice in the
study area. The concentrations of current-use pesticides were in a range
(mean) of 1.03–274 (38.0) ng/g dry weight (dw). Furthermore, no significant differences were observed among organophosphate, pyrethroid and
fipronil insecticide concentrations (p > 0.05) with mean levels of 14.7,
12.1 and 11.2 ng/g dw, respectively. Sediment toxicity tests showed that
65% and 13% of sediments were acutely toxic to C. dilutus and H. azteca,
respectively, with 17% and 13% of them exhibiting 100% mortality.
Significant correlations were found between pesticide occurrence and
sediment mortality (C. dilutus: r2 = 0.41, p < 0.001; H. azteca: r2 = 0.37, p
< 0.001). Specifically, toxicity contribution of fipronil and its metabolites
was about 80% of the toxicity to C. dilutus while pyrethroids contributed
about 83% of the toxicity to H. azteca. On the other hand, organophosphate pesticides contributed 9.7% toxicity to H. azteca, which was further
confirmed by the measurements of enzyme activity in survived H. azteca
after sediment exposure. Overall, results of the present study suggested
that agricultural waterways in Fujian, South China was affected by the
application of current-use pesticides during rice planting practice.

521 Catalyzing Innovations in Modeling Chemical Exposures
J. Orme-Zavaleta, USEPA / ORD NERL IO
Building on the recent National Academies of Science report Exposure
Science in the 21st Century, a working group (ES21) consisting of more
than 25 US Federal research agencies (ES21) was established to promote
information sharing and collaboration in the development and conduct
of exposure science. One area of focus includes modeling exposure,
including chemical exposures. Modeling processes, dynamics and
distribution of exposures to chemicals in association with other stressors
are an essential element of exposure science. New challenges and new
scientific advances mean that an expanded, integrated vision of exposure
science—one that considers exposures from source to dose, over time and
space, to multiple stressors, and from the molecular to ecosystem level
(and including both human and environmental health) — is now needed.
The NAS report characterized this vision as the extension of exposure
science from the point of contact between stressor and receptor inward,
into the organism. In addressing 21st century challenges, innovations in
exposure models are needed for chemical screening, prioritization and
prediction to support diverse efforts such as risk analysis, impacts assessment, life cycle and sustainability assessments, epidemiology, and energy
analysis. These next generation exposure models must be transparent,
credible and supported by data to be acceptable. In characterizing real
world exposures future model development will need to reflect exposure
as a dynamic system relating upstream events that influence the contact
between stressors and receptors leading to outcomes. The efficacies of the
ES21 Working Group is one way to catalyze this transformative opportunity in modeling chemical exposures.

Modeling Chemical Exposure – Part 1
520 Complex exposures and the role of exposure modeling in characterizing the “eco-exposome” in the 21st Century
T.E. McKone, Univ of California / School of Public Health
In risk- and other impact-assessment studies, there has been a continuing focus on single chemicals whereas biomonitoring data and exposure
tracking reveal the importance of complex exposures to multiple chemicals (and multiple stressors) through multiple pathways. The most recent
US Center for Disease Control and Prevention (CDC) “National Report
on Human Exposure to Environmental Chemicals” lists 250 chemicals
found in human blood samples—revealing that single stressor exposure
is the exception not the norm. In this talk I will examine the challenges
and opportunities to confront real-world human environments where we
encounter ubiquitous and complex exposures to chemical, physical, and
biological agents through ambient and indoor environments, the food
we eat, and the water we drink. My talk has three objectives. First, I will
define complex exposures of varying types (e.g., baseline endogenous and
exogenous exposures, sequential or concurrent cumulative or aggregate
exposures) and identify the scientific challenges that must be confronted
to reliably characterize complex exposures. Second, using the recommendations of the recent US National Research Council (NRC) “Exposure
Science in the 21st Century” report, I will consider the role of fate and
exposure modeling in providing insight on complex exposures. The NRC
exposure report calls for new technologies and methods to operationalize the concept of the “exposome”, which is envisioned as a lifetime
narrative of all stressor (chemical, physical, biological, psycho-social)
contacts. The NRC committee observed that many important exposures
have no sufficiently persistent internal biomarkers that can be associated
with environmental health risks (for example, noise, short-lived reactive
chemicals, electromagnetic fields). To address this gap, the committee
envisioned the need for tools to broaden the exposome to the “eco-exposome” concept. Models are key to the eco-exposome, which must extend
the exposome to include stressors at multiple scales within and outside of

522 An Integrated Approach to Assessing Exposure and
Ecotoxicological Impacts in the State of Qatar
C.S. Warren, S. Saeed, ExxonMobil Research Qatar / Environment and
Water Reuse Program; S. Prakash, V. Kolluru, Environmental Resources
Management; D. Dupont, ExxonMobil Research Qatar
Exposure science and ecological risk assessment continues to develop and
evolve in the State of Qatar. Efforts have been taken to utilize appropriate tools and methodologies developed in North America, Europe as
well as other relevant hot and arid countries. In many cases, however,
the extreme environmental conditions (e.g., high water temperature and
salinity) and differing ecosystem structures (e.g., warm water species
such as corals) require adaptation of the typical approaches and tools. At
EMRQ we are developing an integrated approach to assess discharges,
fate, exposure and ecotoxicological impacts in the marine environment.
Our initial focus has been on the Liquefied Natural Gas (LNG) industry
which is important to Qatar and other global regions; and increasingly
so for North America, both in the United States and Canada. We have
worked closely with our industry partners to robustly quantify discharges
and model transport/fate using a spatially and temporally resolved
hydrodynamic model combined with laboratory-based data. We also
incorporate measured field data for evaluation of these tools and to assess
ecological impacts. In the laboratory we have developed ecotoxicology
protocols for reference species applicable to Qatari waters as well as doseresponse relationships across various trophic levels and key contaminants.
Current efforts include the development of an EcoRisk modeling framework which ties together these multiple components and environmental
stressors into a tool that can be used by industry and government to
assess ecological risk related to current discharge and exposure scenarios
and also for future predictive and planning purposes.
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523 Quantification of Dynamic Exposures of Aquatic Biota to
Pollutant Releases Using an Integrated Process- and Activity-Based
Model System
D.P. French-McCay, RPS ASA
For aquatic biota, quantification of pollutant exposure, dose and response
is complicated by the high degree of spatial and temporal variability of
in-water concentrations, as well as the organisms’ distributions, movements, and sensitivity. Compartment-based multimedia fate models,
dependent on quasi-equilibrium solutions for processes, cannot sufficiently access the contact between stressors and receptors for these highly
variable exposures. A system of process- and activity-based models has
been developed to address exposure and response of water column and
benthic receptors to multiple-stressor releases into aquatic environments.
The process-based oil and chemical fate model tracks the movement
of chemicals in oils and other mixtures using a Lagrangian approach,
in which sublots and chemical components of the released pollutant
mass are followed in space and time as they are transported, dispersed,
and physically or chemically changed (i.e., entrainment, droplet/particulate formation, dissolution, volatilization, degradation, adsorption,
etc.), accessing pathways of stressors and their concentrations at any
desired/needed scale of spatial and temporal resolution. An integrated
Lagrangian activity-based exposure model tracks the exposure history of
individual biota through the affected environment using activity information and accounting for physical transport of plankton by currents.
The response to the integrated dose is evaluated with a pharmacokineticbased toxicity model, accounting for the influence of temperature and
duration of exposure on the dose-response relationship. Example applications of this integrated model system for accidental and catastrophic
oil spills show the ephemeral nature of the exposures, even for longduration releases from a fixed source. These results highlight the need
for dose-response toxicity studies using time-variable concentrations of
single and combined stressors for short-duration (< 24 hour) exposures.
Individual-based behavioral studies useful for informing activity models
addressing aquatic exposures (i.e., indicating movements on hourly time
scales) are scant and needed to reduce uncertainty in modeling movements and resulting exposures. Whereas field data measuring receptors’
responses are difficult to obtain, experimental data and field observations
of biological behavior can be used to elucidate mechanisms and verify
algorithms comprising the integrated modeling approach.
524 A Proposed Model for the Interpretation of Exposure Data from
the New OECD305 Bioaccumulation Test Guideline
F. Gobas, Simon Fraser Univ / School of Resource and Environmental
Management Faculty of Environment; J.C. Lo, Simon Fraser Univ /
Biological Sciences
The 2012 revision of the OECD-305 Bioaccumulation Test Guideline
provides an opportunity to advance the assessment of chemical exposure
to aquatic biota. In this presentation, we propose and present a bioaccumulation model specifically designed to interpret concentration-time
profiles obtained in the OECD-305 aqueous and dietary bioaccumulation tests. We illustrate that relatively minor modifications to the general
bioaccumulation model present an opportunity to gain detailed information about the internal kinetics and biotransformation rates of test
chemicals from typical OECD-305 test results. We will demonstrate the
application of the model to determine the intestinal biotransformation
rate, the somatic biotransformation rate, the entero-hepatic circulation
rate, the fecal egestion rate and the dietary uptake efficiency of the test
chemical as well as conventional parameters such as the elimination rate
and growth rate constants. We further illustrate how the application of
the model provides an opportunity to generate somatic and intestinal
biotransformation rate data for chemicals that can be used in future
models to improve the assessment of biotransformation rates of chemicals in biota. We also demonstrate the effect of somatic and intestinal
biotransformation rate on the BCF and BMF for hydrophobic chemicals
in fish. Finally, we suggest some minor modification to the OECD-305
protocol to further improve exposure assessment and briefly discuss the
strengths and limitations of the application of OECD-305 test data for
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exposure and risk assessment with the goal to support regulatory initiatives in Annex XIII of REACh aimed at including information on the
BMF and TMF in bioaccumulation evaluations.
525 Estimating the effect of Arctic Canadian dietary transitions on
human exposure to persistent organic pollutants
M.J. Binnington, Univ of Toronto Scarborough / Dept of Physical and
Environmental Sciences; M.S. Curren, Health Canada / Chemicals
Surveillance Bureau Healthy Environments and Consumer Safety Branch;
C.L. Quinn, Golder Associates Ltd. / Dept of Physical and Environmental
Sciences; J.M. Armitage, Univ of Toronto - Scarborough / Physical and
Environmental Sciences; J.A. Arnot, ARC Arnot Research & Consulting
/ Dept of Physical Environmental Science; L. Chan, Univ of Ottawa
/ Biology; F. Wania, Univ of Toronto at Scarborough / Physical and
Environmental Sciences
Traditional food (TF) consumption represents the main route of persistent organic pollutant (POP) exposure for Aboriginal Arctic Canadians.
However, ongoing dietary transitions away from TFs and toward
imported foods may contribute to decreasing POP exposures observed
in these groups. To explore this issue, we combined the global fate and
transport model GloboPOP and the human food chain bioaccumulation model ACC-Human Arctic to simulate polychlorinated biphenyl
(PCB) exposure in two Aboriginal Arctic Canadian communities from
the Inuvik region, Northwest Territories and Baffin region, Nunavut.
Using dietary survey information from initial (1996-98) and follow-up
(2005-07) biomonitoring campaigns in Inuvik and Baffin, we simulated
PCB exposures (PCB-118, -138, -153, and -180) for each individual study
participant and also whole study populations. TF intake rates, particularly
of marine mammals (MMs), were the most important predictors of modeled PCB exposure, while TF consumption did not associate consistently
with measured PCB exposures. Further, reported mean TF intake actually increased from baseline to follow-up in both Inuvik (7.7 - 182.6 g/d)
and Baffin (59.9 - 133.6 g/d), opposing the expected dietary transition
direction, as well as contradicting the decreasing human PCB exposures
observed in these communities (ΣPCB Inuvik: 42.7 - 29.3 ng/g lipid,
ΣPCB Baffin: 212.9 - 81.7 ng/g lipid). Ultimately, our model’s capability
to reproduce historic PCB exposure data in these two groups was highly
sensitive to TF intake, further underscoring the importance of accurate
TF consumption reporting, and of clarifying the role of dietary transitions in future POP biomonitoring of Aboriginal Arctic populations.
526 Uncertainty and variability in the atmospheric formation of longchain PFCAs
C. Thackray, MIT; N.E. Selin, Inst of Data Systems and Society Dept of
Earth Atmospheric and Planetary Sciences
Perfluorocarboxylic acids (PFCAs) are highly persistent, toxic, and
bioaccumulative environmental contaminants that have been found in
remote locations such as the Arctic, far from emission sources. These
persistent pollutants are emitted directly to the atmosphere as well as
being produced by the degradation of precursor compounds in the atmosphere, but recent trends are towards increasing precursor emissions and
decreasing direct emissions. We work towards better understanding the
atmospheric degradation of fluorotelomer precursor compounds to form
the longchain PFCAs PFOA and PFNA. In particular, we investigate
the uncertainty in the chemical mechanism of fluorotelomer degradation and how the uncertainty in rate constants propagates to uncertainty
in the yields and formation times of the longchain PFCAs. We use
polynomial chaos expansion methods to propagate the uncertainty and
to identify the key contributors to uncertainty in atmospheric formation
in selected atmospheric conditions. We find that uncertainties in rate
constants at key branching points in the degradation mechanism dominate the uncertainty in PFCA yields, and that the level of uncertainty
depends on the atmospheric photochemical conditions. We therefore also
investigate the spatial variability in yields and formation times of PFCAs
due to variable atmospheric chemical conditions over the globe. We find
that yields and formation times of PFOA and PFNA respond differently
and strongly to the photochemical conditions of the atmosphere, such
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as the abundance of NO, HO2, and other photochemical species. We
discuss how these novel quantitative uncertainty analyses can inform
exposure assessment for hazardous chemicals.
527 Cyclic Volatile Siloxanes: A Potential Source of Silicon
Nanoparticles? Seasonal Study of North American Cyclic Volatile
Siloxanes
N. Janechek, Dept of Chemical and Biochemical Engineering; C. Stanier, The
Univ of Iowa / Dept of Chemical and Biochemical Engineering
Cyclic volatile methyl siloxanes (cVMS), a widely used compound class
in personal care products such as lotions, hair conditioners, and antiperspirants, may lead to the formation of organosilicon aerosols after
photochemical oxidation. Consideration of these aerosol products may
be important for full understanding of the anthropogenic atmospheric
silicon life cycle, human health exposure, and environmental fate and
transport. Gas phase fate and transport of cVMS have been widely
studied due to their widespread use, and environmental concerns due
to chemical persistence and bioaccumulation potential. But, links
between aerosols and cVMS are less understood, especially of the oxidation products of cVMS. Recent ambient aerosol sampling at multiple
locations supported by modeling has suggested a silicon nanoparticle
formation process consistent with a photochemical anthropogenic
source. Cyclic siloxanes degrade in the atmosphere through reaction with
hydroxyl radicals (OH) to form oxidized species. The parent compound
atmospheric lifetimes are 5-10 days with higher molecular weight species observing shorter lifetimes. We present modeling results of four
different seasons for the atmospheric concentrations of the three most
commercially important cyclic siloxanes, octamethylcyclotetrasiloxane
(D4), decamethylcyclopentasiloxane (D5), dodecamethylcyclohexasiloxane (D6), and the gas phase oxidized products o-D4, o-D5 and
o-D6. Modeling was performed with our customized version of the
Community Multiscale Air Quality (CMAQ ) model, a 3D chemical
transport model. The model features 36 km resolution, cyclic siloxane
species with OH chemistry, North American emissions, wet and dry
deposition, and boundary conditions derived from previous hemispheric
3D modeling using the Danish Eulerian Hemispheric Model (DEHM).
Comparison of modeled results were compared to recent measurements including West Branch, IA, Cedar Rapids, IA, and Chicago, IL.
Modeled concentrations show strong population dependence with urban
areas such as Southern California and the Eastern U.S. observing the
highest concentrations.

Fate and Effects of Metals: Regulatory and
Risk Assessment Perspective
528 Beyond Standards: Challenges for Application of Biotic Ligand
Model-based Water Quality Standards to Permits and Impaired
Waters Designations
R. Gensemer, GEI Consultants / Ecological Division; C.A. Claytor, GEI
Consultants, Inc.; S.P. Canton, GEI Consultants, Inc. / Ecological Division
Since publication of the National Recommended freshwater ambient
water quality criteria (AWQC) for copper by the US Environmental
Protection Agency in 2007, substantial progress is being made in
adopting the copper Biotic Ligand Model (BLM) for development of
regulatory water quality standards. However, adopting standards is only
the first step in regulating copper discharges, with these standards also
being needed to develop effluent limitations in facility discharge permits,
and for making waterbody impairment decisions under the 303(d)
program. Concerns have been noted that the additional temporal and
spatial complexity of the 10-parameter BLM (vs. older single-parameter
hardness-based criteria) makes application of the BLM into discharge
permits and 303(d) programs very challenging. Such challenges include
the types and amounts of data available in water quality monitoring
programs, concerns over downstream protection of aquatic life in water
bodies using a mix of both BLM- and hardness-based standards, and the
longevity of these standards if and when water quality conditions change

over time. We argue that the simplest place to start building regulatory
frameworks for permits and 303(d) impairment programs is to realize that the BLM is simply a new model replacing an older model (i.e.,
hardness-based criteria equations). Using water quality standards and
regulatory frameworks from Colorado as an example, this presentation
explores the kinds of data and decision making processes available for use
in applying BLM-derived standards in such a way that maintains existing application frameworks and decision criteria.
529 Application of a fixed monitoring benchmark approach to evaluate compliance with water quality criteria: copper BLM as a case study
A.C. Ryan, R.C. Santore, Windward Environmental LLC
In 2007, the Biotic Ligand Model (BLM) was used as the basis for an
update to the USEPA water quality criteria (WQC) for copper (Cu). The
BLM has been widely tested and shown to be predictive of Cu toxicity to
a number of freshwater organisms under a variety of environmental conditions. Application of the BLM for calculating WQC typically results in
time-variable WQC. Time-variable WQC are not unique to the BLM,
and would result from any criteria approach that depends on water chemistry. Widespread use of the BLM has renewed interest in developing an
approach that can consider variability when setting permit limits or other
monitoring benchmarks. To aid in establishment of these permit limits
or monitoring benchmarks, we developed a fixed monitoring benchmark
(FMB) approach, which is a probability-based method that incorporates
time variability in BLM-predicted instantaneous water quality criteria
(IWQC) and in-stream Cu concentrations. The phrase “fixed monitoring benchmark” is used, rather than “fixed site criteria” because it reflects
the purpose of this value, being that it is a benchmark that can be used to
evaluate compliance with WQC. This approach relies upon the distribution of toxic units (TU), where each TU is calculated for a single sample
using the Cu concentration and IWQC for this sample. The calculation of
TU requires that BLM input parameters and the measured dissolved Cu
concentration are available for each sample. The distribution of TU values
for all of the samples collected at a site is then used to estimate the probability that an in-stream Cu concentration equals or exceeds its associated
IWQC (i.e., the probability that TU≥ 1). Results of this evaluation suggest that knowledge of the variability in Cu and the variability in IWQC
and their correlation provides an indication of the magnitude of the FMB
relative to the IWQC distribution. The intent of the FMB approach is to
determine an allowable Cu distribution, defined such that the resulting
exceedence frequency is consistent with the level of protection that is
intended by USEPA WQC guidelines. This approach is straightforward
and makes use of time variable BLM-based WQC in regulatory contexts
where a single benchmark is consistent with past practices and established
methods. Some states may be interested in adopting FMBs as site-specific
benchmarks to establish a more technically sound water quality target as a
basis for permitting and assessment decisions.
530 Adoption and implementation of biotic ligand-based water quality criteria
L. Guenzel, USEPA ; E. Fleisig, L. Wilcut, USEPA / SHPD; M.E. Tritt,
USEPA Region 10
The USEPA published new 304(a) water quality criteria recommendations
for copper in 2007 that are derived with a Biotic Ligand Model (BLM).
While some states have used the copper BLM to derive site-specific
criteria, most have not yet adopted USEPA’s 304(a) copper criteria into
regulation even though the BLM-output consistently provides more
accurate predictions of bioavailable copper and criteria to protect aquatic
life when compared to EPA’s previous hardness-based criteria. This talk
will summarize where the BLM has been adopted in state water quality
standards, discuss complexities associated with the adoption and implementation of BLM-based criteria, and outline potential approaches a
state or tribe may want to consider when transitioning from the hardnessbased copper criteria to the BLM-based criteria. Potential approaches
include: the adoption of default protective BLM-derived criteria (e.g.,
default acute and chronic values by ecoregion or watershed and/or input
parameters, phased adoption of BLM-derived default criteria that targets
priority watersheds); the development of fixed monitoring benchmarks
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(FMBs) on a site-specific basis; or a performance-based approach, which
requires the adoption of implementation procedures, rather than a specific
outcome, into state and tribal regulations to establish a decision-making
framework that is binding, clear, predictable, and transparent.
531 Application of the Biotic Ligand Model & Fixed Monitoring
Benchmarks for resolving water quality spatial variability in setting
site-specific criteria
J. Gondek, GEI Consultants; C.A. Claytor, GEI Consultants, Inc.; S.A.
Roark; R. Gensemer, GEI Consultants / Ecological Division; S.P. Canton,
GEI Consultants, Inc. / Ecological Division
The US Environmental Protection Agency’s (USEPA) Fixed Monitoring
Benchmark (FMB) method was developed to resolve the time-variability
in Biotic Ligand Model (BLM)-derived instantaneous water quality
criteria (IWQC), resulting in a single fixed regulatory value. However,
in order to develop protective criteria for a regulated waterbody, data
covering multiple sampling stations are often needed to fully characterize water quality and, therefore, spatial variability must also be taken
into account. Here we present the strengths and limitations of using
the FMB to derive site-specific copper criteria with data from multiple
sampling stations. These impressions are based on our recent experiences in Colorado, where we derived FMBs for multiple sites along Big
Thompson River using 10 years of data. During this process, a number
of issues were raised including how to compare BLM-based metrics
between sampling stations and whether criteria generated using data
aggregated across multiple sites would be protective of aquatic uses at
each individual site. This case study will help users of the BLM anticipate issues that are likely going to be of concern to regulatory agencies,
and also identify modifications to the model that may be needed to fullyleverage its potential for use in setting site-specific criteria.
532 Tales from the Trenches: Lessons Learned with the Fixed
Monitoring Benchmark
C.A. Claytor, GEI Consultants, Inc.; J. Gondek, GEI Consultants; S.A.
Roark; R. Gensemer, GEI Consultants / Ecological Division; S.P. Canton,
GEI Consultants, Inc. / Ecological Division
The US Environmental Protection Agency’s (USEPA) nationally
recommended water quality criteria for copper (USEPA 2007) suggests
use of the Biotic Ligand Model (BLM) for calculating instantaneous
water quality criteria (IWQC). EPA also recently released a probabilistic statistical tool for deriving Fixed Monitoring Benchmarks (FMB;
USEPA 2012), which compares IWQC with concurrent measured
dissolved copper concentrations in the receiving water to derive a single
“fixed” benchmark copper concentration that, if not exceeded, ensures
that aquatic life uses will be protected using a 1-in-3 year exceedance
frequency. From our work with the FMB, we conclude it can provide
a practical and rigorous method for deriving BLM-based criteria from
water quality data sets that vary significantly over time. However, this
method is not without its challenges – derivation of reliable FMBs,
implementation of those FMBs as site-specific criteria, and application
of FMB-based site-specific criteria into discharge permits and impaired
waterbodies assessments all pose significant technical and policy questions that need to be answered. Our recent work to derive FMB-based
site-specific criteria for multiple Colorado waterways, which are subject
to a variety of discharges and hydrological features, has highlighted
many such issues that should be thoughtfully considered by any parties
seeking to use this method. This presentation will explore potential ways
to resolve these issues and should, therefore, provide insight gained via
first-hand experience into best practices for use of the FMB to derive
site-specific water quality criteria.
533 Using the Fixed Monitoring Benchmark Approach to Derive
BLM-Based Freshwater Copper Criteria
S.A. Tobiason, Windward Environmental; D.K. DeForest, N. Lewis; B.G.
Church; R.C. Santore, A.C. Ryan, J. Toll, Windward Environmental LLC
Acute aquatic life instantaneous water quality criteria (IWQC) for
copper were derived for 37 grab samples using the biotic ligand model
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(BLM). The grab samples were collected over two years in two tributaries and main stem of a small effluent-dominated stream in the arid
western United States. Dissolved copper concentrations ranged from 1.5
to 9.7 µg/L. Acute BLM-based copper IWQC ranged from 1.8 to 147
µg/L and were exceeded in three samples (a greater than once-in-threeyear exceedance frequency). Interestingly, the highest IWQC exceedance
(1.84 toxic units) occurred in a sample with relatively low copper (3.3
µg/L).The BLM yielded an acute fixed monitoring benchmark (FMB)
of 3.4 µg/L. The FMB is meant to be a once-in-three-year exceedance
threshold. Interestingly, 76% of the samples exceeded the FMB, but
did not exceed IWQC. This was due in part to water quality differences
between storm and base flow. Copper concentrations tended to be lower
in storm flow, but bioavailability higher. Average dissolved organic
carbon was similar in storm flows (7.5 mg/L) and base flows (7.6 mg/L),
but average pH was lower in storm flow (7.0) than in base flow (8.0). As
a stormwater management consideration, the data suggest that buffering
storm flow pH may be more important than reducing already low copper
concentrations (acidic pH in stormwater is common). The sensitivity of
the FMB to pH was examined as to how results might inform water
quality management decisions. A stratified analysis yielded acute FMBs
of 24 and 1.7 µg/L for base flow (n=16) and storm flow (n=21) samples,
respectively. Base flow samples exceeded neither their FMB nor IWQC.
All 21 storm flow samples exceeded their FMB despite exhibiting only
three IWQC exceedances. While stratifying yielded a more useful FMB
for base flow, the storm flow FMB should not be considered as anything
more than a screening benchmark. The lesson learned from this situation
is that the frequency of [Cu] > FMB that didn’t exceed respective IWQC
should be reported along with the FMB, as well as the frequency of
[Cu] < FMB that did exceed their IWQC. Guidance on acceptable uses
of FMBs should be contingent on these “error rates.” If the error rates
are high then the FMB should be limited as a screening value ( i.e., not
be used as a site-specific water quality criterion). Guidance should be
developed to help the user navigate from the FMB to effluent limits, sitespecific criteria, or water treatment design criteria.
534 The Use of Multi-Linear Regression to Derive Site-Specific
Water Quality Criteria for Metals: A Complementary Approach to
the Biotic Ligand Model
K. Brix, Univ of British Columbia / Zoology; D.K. DeForest, L.M. Tear,
R.C. Santore, Windward Environmental, LLC; P. Ryan; W. Adams, Rio
Tinto
Over the past 20 years there has been a concerted effort to develop Biotic
Ligand Models (BLMs) for the derivation of site-specific water quality
standards for metals and for application in ecological risk assessments.
While BLMs have largely been accepted in Europe and to a lesser extent
in other regions, implementation of BLMs has been quite limited in
North America. In 2007, the USEPA promulgated a BLM-based WQC
for Cu in freshwater, but few states have adopted this criterion, and typically only under specific conditions. As states have considered adopting
the BLM-based WQC, the complexity and data requirements of the
model create new challenges for how to implement the approach. For
example, not all receiving waters in a state may have suitably comprehensive chemical monitoring to provide all the parameters required by the
BLM. An implementation plan for BLM-based WQC, therefore, may
need to consider a tiered approach with alternative strategies suitable
for sites where data limitations prevent use of the BLM. As one such
alternative, we developed a complementary approach to the BLM, which
begins by using the BLM framework to identify key water chemistry
parameters influencing metal toxicity. These key parameters were then
used to develop multi-linear regression (MLR) models that predict metal
toxicity on a species-specific basis. Akaike’s Information Criterion (AIC)
was used to identify which water chemistry parameters and interaction
terms resulted in the best models for predicting toxicity. Species-specific
MLRs were then pooled in a manner analogous to the pooling of slopes
used in previous US-based hardness-dependent WQC. The resulting
final criteria equations are equivalent in form with hardness-dependent
WQC equations, but with several additional terms (typically dissolved
organic carbon, pH, and several interaction terms). Comparison of
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acute and chronic MLR-based to BLM-based WQC for Cd, Cu, Ni,
Pb, and Zn indicates MLR performance is generally comparable to the
BLM. We suggest that the MLR-based approach, which includes the
mechanistic foundation of the BLM for selecting relevant water quality
parameters, but requires fewer parameters and has an output similar
to the widely acceptable hardness-dependent WQC, may be a useful
complementary tool in a tiered framework for setting site-specific water
quality standards.
535 Anatomy of a giant: Constructing and deconstructing ten years of
sublethal toxicity data from metal mines in Canada
L.A. Van der Vliet, Environment Canada / Ecotoxicology and Wildlife
Health Division; C. Tessier, Environment Canada / Program Development
and Engagement Division; L.N. Taylor, Environment Canada /
Ecotoxicology and Wildlife Health Division
The environmental effects monitoring program for metal mines in Canada
has reached its 10 year milestone, and with that milestone comes 10 years
of sublethal toxicity data. Metal mine effluent from precious metal, base
metal, uranium, rare earth, and iron ore mines have been evaluated for
sublethal toxicity using an aquatic plant (Lemna minor, frond number and
dry weight), an aquatic invertebrate (Ceriodaphnia dubia, reproduction), a
fish (Pimephales promelas) and an algae (Pseudokirchneriella subcapitata), or
salt water equivalents. Combining different data visualization techniques
and a critical interpretation of data set size, we organized roughly 6800
data points and asked questions which both construct and deconstruct.
Did observed toxicity change over time? Did different mine sectors show
different trends in toxicity? Was there a consistent ranking of species
responsiveness to mine effluents? Was there evidence of stimulatory
effects in effluents? These questions form the backbone of the data giant.
Basic data diagnostics also revealed how disregarding the importance of
data set size could have been the Achilles heel of this project, and why
precise surgical analysis of the stimulation data is not possible. Finally,
we provide suggestions of how this data giant can be used to refine and
re-direct toxicity testing effort in the future.

Weight of Evidence Assessments and
Potential Follow-up Testing to Elucidate
Endocrine Disruption
536 Use of Relevant Information in Developing an Integrated Testing
Strategy to Reduce Animal Use in the USEPA Endocrine Disruptor
Screening Program
P. Bishop, People for the Ethical Treatment of Animals / Regulatory Testing
Dept; C. Willett, the Humane Society of the United States / Regulatory
Toxicology Risk Assessment and Alternatives
The Endocrine Disruptor Screening Program (EDSP) as it was originally crafted had the potential to use millions of animals in testing the
universe of approximately 10,000 chemicals for possible interactions with
the endocrine system. Recognizing that it would take decades to screen
this number of chemicals using the current Tier 1 battery of five in vitro
and six in vivo assays, USEPA is currently shifting to EDSP21, which
employs non-animal computational toxicology and exposure methods
to rapidly assess chemicals. When used as part of a weight of evidence
(WoE) evaluation, this approach promises to significantly reduce the
number of animals used in screening tests. However, as results from the
screening phase will determine which chemicals go on to further animalintensive reproduction toxicity tests in several species, maximizing the
use of all relevant information will be critical to minimizing animals
used in this Tier 2 testing. We propose a revised integrated approach to
testing and assessment (IATA), based on: USEPA’s EDSP List 1 results,
the OECD conceptual framework for assessing endocrine disruptors,
the OECD Adverse Outcome Pathway project(s), developments in the
ToxCast program, results from FIFRA Science Advisory Panel meetings on the EDSP, and developments in thyroid biology. By considering

all relevant information, targeted testing strategies may be developed for
those chemicals requiring additional assessment, possibly avoiding Tier 2
tests altogether.
537 Using Predictive Information for Endocrine Prioritization and
Screening: Example with a Triazole Fungicide
K.B. Paul, Bayer CropScience / Human Safety; L.S. Ortego, Bayer
CropScience / Environmental Toxicology and Risk Assessment; A. Blacker,
Human Safety
Modernization of prioritization and screening methods for the USEPA
Endocrine Disruptor Screening Program (EDSP) Tier 1 testing battery
is proceeding via comparison of high-throughput screening (HTS) information for both hazard and exposure prediction. Data-rich chemicals
such as pesticide active ingredients necessitate an integrated assessment
approach for high-throughput screening results and human health
guideline toxicology data related to endocrine endpoints in order to
evaluate potential priority for obtaining additional hazard information.
Three lines of evidence for triadimefon, HTS data, EDSP Tier 1 testing
and other scientifically-relevant information, and guideline toxicology
data, were systematically reviewed and the margin of exposure for any
potential endocrine effects was compared to the margin of biological
activity using high-throughput predictions. The separation between
predicted hazard and exposure is of similar magnitude to the separation
between the USEPA risk assessment exposure estimates and the in vivo
dose associated with systemic toxicity and potential endocrine activity for
triadimefon. Use of HTS data to indicate limited to no priority for further endocrine hazard testing for triadimefon would have been protective
for any adverse apical outcomes noted in the guideline toxicology studies
that measured reproductive function and apical outcomes. The most
sensitive endpoint used for the current risk assessment is based on neurotoxicity observed in the rat at a dose below doses associated with systemic
toxicity and possible endocrine activity. For triadimefon, combined HTS
hazard and exposure predictions for human health and traditional risk
assessment are both human health protective as well as biologically concordant. This example deepens confidence in possible EDSP screening
paradigms that utilize both human health hazard and exposure predictions for initial prioritization of chemicals for further testing.
538 The fidelity of adverse outcome pathways: A case study with
Bisphenol A
G.J. Van Der Kraak, Univ of Guelph / Dept of Integrative Biology; A.L.
Lister, Wilfrid Laurier Univ / Dept of Biology
Increasingly researchers are developing adverse outcome pathways
(AOPs) to describe biologically plausible events that link a chemical
exposure to an adverse health effect that would be considered important
for risk assessment. Often, this approach is used in studies of endocrine
active compounds and this includes the characterization of chemical
interactions with receptors, the assessment of key events at different levels of biological organization ranging from changes in protein and gene
expression, alterations in cellular functioning and tissue homeostasis and
ultimately apical endpoints such as organ function and/or development
measured at the individual level of biological organization. Commonly
not all of the responses that constitute an AOP are quantified in a single
experiment and researchers must extrapolate between experiments in
describing the mode of action of individual chemicals. Surprisingly, there
are few formalized methods that are being used to critically evaluate
whether responses measured at different levels of biological organization following chemical exposure can be functionally linked or if indeed
they are consistent in terms of the dose response relationship. Numerous
studies have suggested that Bisphenol A (BPA) impairs thyroid function
in fish and amphibians but the question of the robustness of the data
and whether responses measured at different levels of organization are
consistent with the proposed AOP has not been examined. Analysis of
the literature reveals major inconsistencies with the data in terms of the
replication of responses between studies, and in particular, the ability
to extrapolate responses across levels of organization based on dose and
time dependency. Collectively this analysis reinforces the need for a comprehensive weight of evidence approach that considers all of the data that
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are available. In the case of BPA, careful consideration must be given to
the concentrations of chemical that is being tested when considering the
plausibility of responses measured at lower levels of biological organization in relation to higher level effects.
539 Reflections on Biological Variability: An Analysis of Control
Data from the US Endocrine Disruptor Screening Program List 1
Screening Battery
A.W. Schapaugh, Monsanto Company; L.G. McFadden, The Dow
Chemical Company; L. Zorrilla, Bayer CropScience LP; D.R. Geter,
Bayer CropScience; N. Sunger, West Chester Univ; C. Borgert, Applied
Pharmacology & Toxicology, Inc.
USEPA’s Endocrine Disruptor Screening Program (EDSP) Tier 1 battery consists of five in vitro and six in vivo assays intended to identify
the potential of a chemical to interact with the estrogen, androgen, or
thyroid hormone systems and the steroidogenesis pathway. EDSP Tier 2
testing is designed to identify dose-response relationships for any adverse
effects for use in risk assessment. Thus, the purpose of the program is to
differentiate chemicals with the potential to interact with the endocrine
system in humans and wildlife from those that have little or no such
potential. However, even as the first phase of screening chemicals began,
it was recognized that many of the EDSP Tier 1 assays lacked sufficient
historical information on the appropriateness of experimental guidelines, data variability and the ability of laboratories to meet performance
criteria. Without such information, a reliable weight-of-evidence determination is difficult, especially if only 1 or 2 significant differences are
observed across the battery of screens. The purpose of this paper is to use
the information from a subset of Tier 1 screens submitted to the USEPA
in a critical investigation of the data variability and performance criteria
of the EDSP Tier 1 battery. Given the frequency with which certain
performance criteria were not met (e.g., all male pubertal studies had at
least one performance criteria that was not met), it is difficult to know
when these exceedances are simply a reflection of natural variability or
potential endocrine interaction. Poorly-defined criteria will result in discarded data, wasted resources, and possibly inappropriate conclusions on
the activity of a substance. It must be emphasized that because we were
restricted to a subset of the List 1 control data, our analyses can serve
only as examples to underscore the importance of a detailed, rigorous,
and comprehensive evaluation of the performance of the battery.
540 Identifying Endocrine Disruptors: The complexities of distinguishing endocrine activity from systemic toxicity
K.K. Coady, The Dow Chemical Company / Toxicology Environmental
Research and Consulting; J. Wheeler, Dow Agrosciences; E.M. Mihaich,
ER2; S. Marty, The Dow Chemical Company; L.S. Ortego, Bayer
CropScience / Environmental Toxicology and Risk Assessment; L. Zorrilla,
Bayer CropScience LP
The large scale screening of pesticides and pesticide inerts under the
USEPA’s Endocrine Disruptor Screening Program has highlighted
a need for careful study design and data interpretation to distinguish
between endocrine versus non-endocrine specific responses. This is also
important in the EU, given that specific criteria are under development to identify endocrine disrupting properties to enable hazard-based
regulation. Irrespective of the regulatory process, most geographies use
the WHO IPCS definition of an endocrine disruptor (ED), requiring
that a substance is demonstrated to cause a change in endocrine function that consequently leads to an adverse effect in an intact organism.
Such a definition is broad, and at its most cautious, might capture many
mechanisms that in general would not specifically be considered ED.
For instance, stress is a non-specific, neuro-endocrine response that
can lead to adverse outcomes. In addition, other toxic mechanisms (e.g.,
liver toxicity) may secondarily impact the endocrine system and tissues. Furthermore, endocrine responses may be adaptive in nature and
designed to maintain homeostasis rather than inducing an irreversible
adverse effect. The likelihood of indirect effects are increased in toxicological studies requiring the use of a maximum tolerated dose levels,
which must produce some adverse effect. Clearly, the misidentification
of indirect effects as truly ED has serious consequences in terms of
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triggering unnecessary higher-tier testing (animal and resource intensive) and potentially severe regulatory consequences. A review of effects
that could be misinterpreted as ED was undertaken using both practical experience with the assays and relevant, peer-reviewed, scientific
literature. Focus was on the ecotoxicology area while drawing parallels to
mammalian toxicology. This work demonstrates that without a suitable
framework for interpreting study results, potentially all chemicals could
be considered ED at some exposure level, if too broad a definition of ED
is used. Such factors should be considered when screening and testing
substances for potential endocrine activity or disruption. This presentation highlights the problem of distinguishing non-endocrine from
endocrine mechanisms of action particularly when operating in a purely
hazard-based regulatory environment.
541 How Potency Determinations Can Clarify Tier 1 and Streamline
Tier 2
C. Borgert, Applied Pharmacology & Toxicology, Inc.
Weight of Evidence (WoE) procedures used to evaluate the results
of EDSP Tier 1 Battery of assays may produce clear answers about a
chemical’s potential to interact with the estrogen, androgen, or thyroid
systems, and thus, whether Tier 2 studies are needed to identify adverse
effects and characterize the dose-response. In some instances, however,
ambiguities could arise. For example, a weak response in the uterotrophic
assay, corroborated by in vitro ERTA and RBA results would raise questions about a potential to interact with the estrogen pathway, as would
weak responses in the Hershberger assay and male pubertal assay raise
questions regarding anti-androgenic potential. Tier 2 tests, however,
are expensive, require years to complete, and in many cases, lack the
mechanistic specificity to clarify whether adverse effects are endocrinemediated. Rather than conducting Tier 2 tests, targeted, mechanistically
specific assays using a sufficient number and range of doses to enable a
robust evaluation of potency would provide often provide greater clarity.
When the potency is well characterized, relative potency comparisons can be made with endogenous hormones and pharmaceuticals to
ascertain whether endocrine-mediated effects are plausible, and receptor
occupancy calculations can be used to evaluate whether the doses that
would be required to manifest an effect would exceed known effect levels
for acute, sub-chronic, or chronic toxicity. Various assays could be used
for this purpose. Simply including more doses and well-characterized
positive controls of differing potency in a uterotrophic assay might be
sufficient to clarify weak responses in Tier 1 assays that address estrogen agonist potential. Studies using pure receptor antagonists can help
to determine potency as well as mechanistic specificity of the response.
Several examples from the literature illustrate the effectiveness of this
approach, the simplest of which may be androgenic steroids, which are
known to be weakly uterotrophic, but via uterine androgen receptors
rather than estrogen receptors. Anabolic steroids, however, manifest
adverse effects via other mechanisms at doses below those even theoretically capable of measurably increasing estrogen receptor occupancy.
Additional examples will be presented, including components of cosmetics and dietary ingredients.
542 Make Sure the Pieces Fit: An Evaluation of the Estrogen Pathway
Response for Triclosan
E.M. Mihaich, ER2; M. Capdevielle, Colgate-Palmolive Company
Applying an established method for a hypothesis driven weight-ofevidence evaluation, the antimicrobial triclosan (TCS) is presented as
a case study for the interpretation of USEPA EDSP Tier 1 results, and
other scientifically relevant information (OSRI), specific to the estrogen
pathway. Of the 23 endpoints relevant for the estrogen agonist hypothesis assessed in the 11 screens in Tier 1 (or equivalent studies), there
were only 2 statistically significant responses. For all other endpoints
for which data were available, there were no changes consistent with
the estrogen agonist hypothesis. The relevance of the two statistically
significant observations is questioned when considering the inherent
variability in the normal biological ranges for many measured endpoints
and the subjective nature of others (e.g., attainment of puberty indicated
by age at vaginal opening). For example, a review of the female pubertal
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assay validation studies along with many of the screens submitted to
the USEPA as part of the List 1 Tier 1 test order requirements revealed
that control groups failed to meet minimum performance criteria on
this parameter at a very high frequency. When interpreting the reported
decrease in age at vaginal opening reported for TCS, an additional
consideration is that while the age at onset of vaginal opening was
statistically significantly different than concurrent controls, the value
is nominally within the acceptable mean range for control animals.
Another challenge in interpreting data in a weight of evidence framework is the need to consider OSRI, some portion of which may not have
been generated under standardized conditions. Thus, evaluation of data
quality and consistency of response is an essential component of a robust
weight of evidence assessment. For example, while vitellogenin (VTG)
was reportedly increased in male fish after 21 days following exposure
to 12.8 µg TCS/L, the same duration exposure to 13.5 µg TCS/L was
not associated with a change. Importantly, TCS did not increase uterine
weight, another key estrogen agonist endpoint. Juxtaposing the results
in this case study with known estrogenic (including weakly estrogenic)
compounds, there were no changes observed that support the estrogen
agonist hypothesis for TCS. This assessment highlights the need to
consider the reproducibility of observations and the difference between
statistical and biologically significant effects.

Antidepressants and Perfluorochemicals:
Divergent Chemistries, Convergent
Environmental Persistence and Effects
543 Opening Pandora’s Box on Per- and Polyfluoroalkyl Substances
(PFASs) in Groundwater: The Legacy of Dr. Melissa Schultz
J.A. Field, Oregon State Univ / Dept of Environ Molecular Toxicology; K.
Barzen-Hanson, Oregon State Univ / Chemistry; C.P. Higgins, Colorado
School of Mines / Civil Environmental Engineering; G. Peaslee, Hope
College / Chemistry; S. Roberts, Duke Univ / Civil and Environmental
Engineering
In 2004, Dr. Melissa Schultz demonstrated that 4:2, 6:2, and 8:2
fluorotelomer sulfonates (FTSAs) could not be used as internal standards for the quantification of perfluoroalkyl sulfonates in US military
groundwater because FTSAs occur up to mg/L concentrations in aqueous film-forming foam (AFFF)-contaminated groundwater. She also
demonstrated that FTSAs were not present in commercial AFFFs used
by the US military, thus discovering that FTSAs were likely degradation
products of precursor PFASs in AFFFs. Dr. Schultz’s discoveries were
made, in part, by her work that reintroduced the lost art of ‘direct aqueous injection’ for liquid chromatography. Ten years later and leveraged
by Dr. Schultz’s early work, SERDP-funded research is underway to
close the mass balance on the highly fluorinated substances in AFFFcontaminated groundwater. A combination of analytical tools are being
combined to first define the total mass of highly fluorinated substances
and then, second, to fill in the gaps by identifying additional PFASs. The
total oxidizable precursor (TOP) assay and particle-induced gamma ray
emission (PIGE) spectroscopy were applied to groundwater in order to
determine the total mass of highly-fluorinated substances in groundwater. Good agreement between the TOP and PIGE assays indicates that
the upper bound of PFAS contamination can now be quantified with
confidence. Individual PFASs are quantified by liquid chromatography
with tandem mass spectrometry and additional PFASs are identified by
quadrupole time of flight mass spectrometry in order to close the mass
balance on PFASs in groundwater.
544 Fluorochemicals in wastewater: The long-term impacts of a
simple mass balance study
C.P. Higgins, Colorado School of Mines / Civil Environmental Engineering
Building from early work examining the fate of poly and perfluoroalkyl
substances (PFASs) during wastewater treatment, this presentation will
highlight and synthesize the evolution of issues surrounding PFASs

in wastewater-derived effluent and biosolids. While there has been
considerable interest in the presence of trace organic chemicals such
as PFASs in wastewater effluent, the presence of these chemicals in
municipal biosolids in the U.S. has also received considerable attention
by the public and scientific community over the last several years. Of
particular concern is whether the presence of PFASs in biosolids results
in significant risks to public health and the environment following land
application. Analysis of field-collected samples confirm that perfluoroalkyl acids (PFAAs), a subset of PFASs, persist in biosolids-amended soils.
Soil depth cores data indicate that PFAAs are also transported through
the soil column, where they may eventually contaminate shallow groundwater. In addition, some PFAAs can be readily accumulated in foodcrops
grown in biosolids-amended soils, whereas as other PFAAs are particularly bioaccumulative in earthworms exposed to biosolids-amended
soils. Collectively, these data suggest that assessing the risks of PFASs in
biosolids-amended soils may require the use of new modeling approaches
if accurate predictions of chemical fate, transport, and bioaccumulation
of PFASs in biosolids-amended soils are needed.
545 Partitioning of benzodiazapines in soils and its influence on
uptake in food crops
L. Carter, S. Martin, CSIRO / Land and Water; S.P. Kamaludeen, Tamil
Nadu Agricultural Univ / Dept of Environmental Sciences; M. Williams,
R.S. Kookana, CSIRO / Land and Water
With wastewater irrigation likely to become increasingly important in
countries where water resources are under strain, understanding the fate
of wastewater contaminants such as pharmaceuticals in soil systems is
also becoming increasingly relevant. Our study focussed on the benzodiazepine class of pharmaceuticals which are widely used as anxiolytics
through their action on gamma-aminobutyric acid (GABA) receptors.
Eight different benzodiazepines with a range of physicochemical properties and three different soils (sandy, clayey and high organic matter)
were selected for assessment of benzodiazepine sorption in the soils
and the influence the physicochemical properties had on this process.
Furthermore, pot trials were conducted with five of the benzodiazepines
in silverbeet (Beta vulgaris) to assess whether the extent of sorption and
distribution in porewaters could be related to the extent of uptake. Soils
in the pot trial were spiked at 1 mg/kg, with plants grown from seed
under controlled light (16:8 light:dark) and temperature (220C) conditions for a period of four weeks. Sorption of the benzodiazepines was
highly variable with the greatest extent of sorption noted in the high
organic matter soil and lowest in the sandy soil, although the relationship
between sorption and Kow was not always apparent and amine and nitro
functional groups were also likely to play a role in extent of sorption. For
the pot trial, uptake in the plants generally followed an inverse pattern
to sorption, where uptake in both plant species was greatest in the sandy
soil and lowest in the high organic matter soil thus suggesting porewater
bioavailability is a key parameter in determining plant uptake. In the
diazepam-spiked soil, nordiazepam and oxazepam were detected in the
plants, suggesting they were formed through the metabolism of diazepam as this reflects a similar metabolic pathway in humans. These results
highlight the importance of physicochemical properties of the soil and
compound in the uptake of pharmaceuticals into plants. Furthermore,
the potential bioactive nature of benzodiazepines in plants needs to
be more closely investigated since these compounds specifically target
GABA receptors and GABA has a critical role in plant signalling in
response to abiotic and biotic stress.
546 Uptake and Disposition of Pharmaceuticals by Bluegill Exposed
at Constant Concentrations in a Flow-Through Aquatic Exposure
System
S. Zhao, State Key Laboratory of Organic Geochemistry; E.T. Furlong,
USGS / National Water Quality Laboratory; H.I. Schoenfuss, St. Cloud
State Univ / Aquatic Toxicology Laboratory; D.W. Kolpin, USGS / Iowa
Water Science Center; K. Bianchini, Univ of Saskatchewan - Toxicology
Centre / Toxicology; D. Feifarek, St. Cloud State Univ / Aquatic Toxicology
Laboratory; E.A. Schwab, USGS / National Water Quality Laboratory; G.
Ying, Guangzhou Institute of Geochemistry Chinese Academy of Sciences
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The widespread use of pharmaceuticals is reflected in their release from
wastewater treatment plants into surface waters and potentially has
corresponding adverse effects upon aquatic organisms. Uptake, accumulation, and transformation of pharmaceuticals in fish have been less well
studied than transport and distribution in aquatic ecosystems. In the
present study, we investigated the uptake, disposition, and toxicokinetics of five pharmaceuticals—temazepam (neuroleptic), methocarbamol
(muscle relaxant), sulfamethoxazole (antibiotic), diclofenac (antiinflammatory), and rosuvastatin (antihyperlipidemic)—in bluegill
(Lepomis macrochirus) tissues and fluids exposed to environmentally
relevant concentrations (targeted at between1,000–4,000 ng/L) in a
flow-through aquatic exposure system. Temazepam and methocarbamol were consistently detected in bluegill tissue and fluid samples,
with concentrations of up to 4,936 and 180 ng g−1 in bile, respectively.
Overall sulfamethoxazole, diclofenac, and rosuvastatin were much less
frequently detected in tissues and fluids. Over a 30-day exposure period,
mean concentrations of temazepam and methocarbamol in tissues and
fluids generally followed the order: bile >> gut > liver and brain > muscle
~ plasma ~ gill. Short-term bioconcentration factors (BCFs) in different
tissues ranged between 0.71–3,959 and 0.13–48.6 for temazepam and
methocarbamol, respectively. Log BCFs were positively correlated to
pH-adjusted log Kow (i.e., log Dow), especially for liver and brain (r2
= 0.92 and 0.99, respectively). These data suggest that bioaccumulation
patterns of ionizable pharmaceuticals depend on the physicochemical
properties and ionizability of each pharmaceutical within each tissue. A
consistent pattern of rapid uptake and elimination of pharmaceuticals in
bluegill tissues was observed, with uptake rate constants (Ku) and elimination rate constants (Ke) at 0.0066–0.0330 h−1 and 0.0075–0.0384
h−1, respectively, and elimination half-lives of 18.1–92.4 h. Mixtures
of pharmaceuticals had little or no influence on uptake and elimination
rates, suggesting that the process of adsorption and disposition of each
pharmaceutical by exposed fish is independent. These results also suggest
that uptake, elimination, and possible exposure-related effects in wild
fish populations exposed to effluent-impacted surface water would follow
similar patterns.
547 The effects of an SSRI antidepressant mixture on hybrid striped
bass brain chemistry and predatory behavior
L.E. Sweet, S.J. Klaine, Clemson Univ / Inst of Environmental Toxicology
CUENTOX
Widespread use of antidepressant pharmaceuticals and their incomplete
removal from waste water treatment plants has led to the detection of
these compounds in the aquatic environment. Many of these antidepressants are selective serotonin reuptake inhibitors (SSRIs) and thus,
they all have the same mechanism of action. We tested the additivity
of SSRI mixtures on fish brain chemistry and predatory behavior using
the hybrid striped bass (Morone saxatilis x M. chrysops). During and after
exposure to a mixture of sertraline, citalopram, and fluoxetine, predatory behavior was analyzed by quantifying the time it took the hybrid
striped bass to capture four fathead minnows (P. promelas). Brains
were analyzed by LC-MS/MS to quantify brain serotonin concentrations and antidepressant concentrations. The bass were exposed to the
SSRI mixture for 6 d in a static system, followed by a 6-d flow through,
recovery system. Predatory behavior and brain analyses were quantified every 3 days during the 12-d experiment. Time to capture prey was
significantly increased in the high SSRI mixture treatment on days 6
and 9, with the time to capture prey 3 for all SSRI mixture treatments
significantly increased on day 12. Brain serotonin concentrations were
significantly decreased from controls on days 9 and 12 for the medium
and high treatments, with evidence of additive and greater than additive
effects occurring in changes in brain serotonin. Further, the antidepressants remained in the hybrid striped bass brain throughout the 6 day flow
through recovery period. Given that serotonin is involved in many physiological processes and behaviors in fish, these results generate concern
for SSRI mixtures in the aquatic environment and question the length of
time fish will need to fully recover from an exposure.
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548 Antidepressant pharmaceuticals and their metabolites affect
growth and larval behavior in fathead minnows across generations
M.M. Schultz, College of Wooster / Dept of Chemistry; E. Hudson-Heck,
K. Schiavone, P. Edmiston, College of Wooster / Chemistry; K. Bertram, St.
Cloud State Univ / Aquatic Toxicity Laboratory; H.I. Schoenfuss, St. Cloud
State Univ / Aquatic Toxicology Laboratory
Antidepressant pharmaceuticals, including selective serotonin reuptake
inhibitors (SSRIs) or selective serotonin and norepinephrine reuptake
inhibitors (SSNRIs), are known to act as endocrine active compounds at
environmentally relevant concentrations. Less is know, however, about
the effects of their metabolites and their mixtures or about the effects
of exposure across generations of fish. Consequently, we exposed F1
generation larval fathead minnows for 21 days post-hatch in 50% statistic
renewal experiments to the SSRI fluoxetine and SSNRI venlafaxine,
their respective metabolites and a mixture of all four compounds across
two generations. The individual concentrations to which the F1 and half
of the F2 generation were exposed to ranged from 25 ng/L (norfluoxetine) to 1000 ng/L (venlafaxine). The initial 21 day larval exposure was
followed four months later by an adult exposure of similar length and a
larval exposure of the F2 generation. F1 generation larvae survived, grew
and performed predator escape behaviors equally well across treatments.
However, F2 generation larvae whose parental generation was exposed
to fluoxetine, venlafaxine or a mixture of SSRIs and SSNRIs exhibited
altered growth when compared to control. Exposure to norfluoxetine,
a metabolite of fluoxetine, enhanced predator avoidance performance,
a counterintuitive but previously described response for SSRI exposed
fishes. Interestingly, larval and adult exposure to SSRIs or SSNRIs at
environmental concentrations during just one generation (F1 or F2) did
not diminish any morphometric indices, did not affect male nest defense
and did not result in reduced fertility. Analysis of brain tissues from the
exposed F2 generation suggested increased uptake of fluoxetine and norfluoxetine and minimal uptake of venlafaxine and desmethylvenlafaxine
when compared to exposure water concentrations. This study highlights
the need for multi-generational exposure studies to fully appreciate the
environmental consequences of pharmaceutical exposures.
549 Spatial and Temporal Occurrence of Estrogenic Activity in Urban
Effluent-Dominated Systems
N. Cipoletti, D. Martinovic-Weigelt, Univ of St. Thomas; T. Minarik,
MWRDGC; E.M. Curran, J.S. Marchuk, Univ of St. Thomas; M.
Pazderka; E.A. Smith; C. Miresse; M.M. Schultz, College of Wooster / Dept
of Chemistry; H.I. Schoenfuss, St. Cloud State Univ / Aquatic Toxicology
Laboratory
The present study investigated occurrence of environmental estrogens
(EEs) in waterways managed by the Metropolitan Water Reclamation
District of Greater Chicago (‘District’) - one of the largest and most
complex water districts in the United States. The objectives of the study
were: (i) to document spatial and temporal occurrence of EEs in the
Chicago Area Waterways (CAWs); (ii) to determine whether water
reclamation plant (WRP) effluents contribute to estrogenic pollution
of the receiving streams; (iii) to determine whether the mandated water
quality monitoring data could be used to predict estrogenic pollution in
the receiving streams; and (iv) to determine whether snow melt, storm
runoff and combined sewer overflows may be contributors of estrogenic
activity to these systems. The estrogenic potency of the waterways was
assessed using a cell-based reporter gene assay. The water quality data
was readily available as part of the District’s regular monitoring program.
Our findings indicate that EEs are commonly found in the CAWs,
and that WRP effluents are one, but not the only important contributors to estrogenic activity. Mean estrogenic activities in CAWs (11 ng
estradiol equivalents (EEQs/L) are well within the values reported for
other urban areas and WRP effluents. The estrogenic activity exhibited significant seasonal variation with highest values noted during the
spring and summer months. When comparing mean estrogenic activity of general use waters, secondary contact waters and WRP effluents
we found that general use waters had significantly lower estrogenic
activity (ca 5 ng EEQ/L) than the other two matrices (ca 15 and 17 ng
EEQ/L respectively). Our analyses indicate that estrogenic activity of
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the waterways was not reliably associated with mandated water quality
parameters, and that such measurements may not be useful for predicting
estrogenic activity, especially so in the complex urban systems. One of
the prominent findings of this study is that EEs do not follow predictable
spatial patterns – many of the upstream sites in the heavily urbanized
areas had levels of estrogenic activity comparable to those found in the
effluents and downstream locations. Our data suggest that surface runoff
and snow melt are estrogenic (0-9 ng EEQ/L), and given that their
estrogenic activities are similar to those of their receiving waterways (0-7
ng EEQ /L), we conclude that these non-WRP sources are important
contributors to estrogenic activity of the CAWs.
550 Monitor & Mentor: Environmental Chemistry at The College of
Wooster and the Legacy of Melissa Schultz
P.L. Edmiston, The College of Wooster / Chemistry
Melissa Schultz joined the faculty of The College Wooster in 2006 and
made a lasting impact on the curriculum and research directions of
the Dept of Chemistry. Most importantly, Melissa made an enduring
impression on her colleagues and students. This presentation will provide
a retrospective into her research into the analysis of antidepressants in
the environment tracing concentrations from wastewater treatment to
surface waters through the eyes of undergraduate researchers. First,
notable new data for antidepressants in wastewater and surface waters, as
recently achieved by her students and colleagues in her absence, will be
presented. Second, a picture of how Melissa served to mentor young men
and women will be described to celebrate her memory and, hopefully,
inspire others interested in leading undergraduate research in environmental chemistry. Thirdly, a synopsis of how Melissa integrated teaching
and research through the study contaminants of emerging concern will
be presented from the view of a colleague. Melissa Schultz was passionate advocate for the environment and was a tireless supporter of the
mission of the Society of Environmental Toxicology and Chemistry.
Despite the tragedy of our loss, we should pause to celebrate her legacy of
scientific work and the inspiration she gave to students, colleagues, and
friends.

Soil Contaminants: Fate, Bioavailability,
Ecotoxicology and Risk Assessment
551 A Screening Level Ecological Risk Assessment Framework for
Urban Soils
K. Kellock, D. MacKenzie-Taylor, A. Taylor, A. Ostaszewski, D. Slayton,
Michigan Dept of Environmental Quality; L.L. Williams, US Fish &
Wildlife Service
Soils within certain areas of the city of Midland, Michigan, USA,
contain elevated levels of dioxins/furans (collectively dioxins) as a result
of airborne emissions from historic waste management and production practices at The Dow Chemical Company, Michigan Operations
Midland Plant (Dow). The Michigan Dept of Environmental Quality
(MDEQ ) has provided regulatory oversight of Dow for cleanup of
dioxins that exceed a site-specific residential human direct contact
criterion in Midland soils. As part of the cleanup process, a screening
level ecological risk assessment (ERA) was conducted to identify other
potential contaminants of concern (COCs) for ecological risk, beyond
dioxins. The ERA process built upon the human health risk assessment
for Midland area soils and evaluated analytical results from an extensive
off-site sampling effort for over 200 non-dioxin compounds. This is an
urban area and the most appropriate receptors for the environment were
determined to be avian species, focusing on the American robin and
northern cardinal. Over 200 COCs were screened using 12 sequential
categories that were developed in collaboration with MDEQ , Dow,
and the US Fish and Wildlife Service. COCs were first screened using
generic ecological screening benchmark levels (ESLBs), which represented media-specific concentrations protective of ecological receptors,
and regional background levels for metals. COCs not exceeding the
generic ESLBs or regional soil background concentrations for metals

were excluded from further evaluation. Remaining COCs were evaluated in sequential categories based on availability of ESLBs and the
frequency, degree, and spatial distribution of exceedances relative to
Dow’s emissions and avian home range sizes. In the absence of an available ESLB, site-specific NOAEL or LOAEL-based benchmarks were
calculated for the avian receptors, in some cases using data for structurally similar compounds thought to be at least as toxic as the COC in
question. Evaluations also considered detected results and reporting
limits relative to ESLBs and urban background concentrations. The use
of this screening ERA framework resulted in the elimination of most
non-dioxin COCs from further evaluation. COCs that did not screen
out were addressed in the uncertainty analysis. Only dioxins were carried
forward into category 12 for further consideration under the Natural
Resource Damage Assessment process.
552 Sensitivity of soil microorganisms to Ag2S and Ag nanoparticles: A new method to quantify sensitivity using molecular-based
techniques
C. Doolette, Univ of Adelaide / School of Agriculture Food and Wine; Y.
Lu, The Univ of Queensland / Advanced Water Management Centre; M.
McLaughlin, Univ of Adelaide and CSIRO Land and Water Flagship; J.L.
Payne, Univ of South Australia / School of Natural and Built Environments;
V.V. Gupta, CSIRO Land and Water / Functional Microbial Ecology
Agriculture Flagship; D.J. Batstone, The Univ of Queensland / Advanced
Water Management Centre; J. Kirby, CSIRO / Advanced Materials
Transformational Capability Platform Land and Water; D.G. Navarro,
CSIRO Land and Water / Environmental Contaminant Mitigation and
Technologies
Agricultural soils are a sink for manufactured silver nanoparticles
(AgNPs), yet there is limited research on the impact of AgNPs on
terrestrial organisms. Furthermore, the potential risk to soil microbial communities may be overestimated if transformed AgNPs are not
considered. In soils, pristine AgNPs are unlikely to exist; instead, nanosized aggregates of Ag-sulfide (Ag2S-NPs) will be the dominant form
of Ag. Therefore, to perform an accurate microbial risk assessment of
AgNPs in soils, Ag2S-NPs must be investigated. Previous studies on
the ecotoxicity of AgNPs to soil microorganisms have commonly used
cultured microbial species. Considering that a large percentage of soil
microorganisms are uncultured, this method is inadequate for predicting the risk of AgNPs to a whole soil microbial community. Therefore,
a new method was developed to calculate toxicity values for individual
soil microbial populations following their exposure to Ag+, AgNPs
and Ag2S-NPs. A combination of quantitative PCR (qPCR) and 16S
rRNA amplicon sequencing was used to develop dose-response curves
for sensitive microbial populations. Based on pyrosequencing results,
similar sequences were assigned to operational taxonomic units (OTUs);
the abundances of which were then converted to absolute values by
combining pyrosequencing data with qPCR results and correcting for
differences in 16S rRNA gene copy number using the ‘CopyRighter’
tool. Approximately 5000 OTUs for each Ag treatment were fitted to a
common dose-response function using an automated curve-fitting procedure. Toxicity values (EC20) for sensitive soil OTUs were then plotted
on a species sensitivity distribution (SSD) in order to calculate the Ag
concentration that would theoretically protect a specified percentage of
soil microorganism gene sequences (HCx values). At the most conservative HC value, HC1 (99% of OTUs protected), Ag+ was significantly
less toxic than AgNPs and Ag2S-NPs. However, for HC5 and HC10
values, there were no significant differences between Ag treatments and
at the HC20, Ag2S-NPs were significantly less toxic than AgNPs and
Ag+. The most sensitive OTUs (EC20 < HC5) were predominantly from
the Bacillaceae family, with lower abundances of other families including
Frankiaceae, Comamonadaceae and Pseudonocardiaceae. A new method was
developed to investigate the effect of Ag2S-NPs on a whole microbial
community. Overall, the risk of Ag2S-NPs to soil microorganisms was
found to be less than that of Ag+.
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553 Effects of aging and soil properties on the bioavailability and
toxicity of vanadium to soil invertebrates
R.P. Lanno, Ohio State Univ / Dept of Evolution Ecology and Organismal
Biology; A. Voigt, EBRC Consulting GmbH; K. Oorts, ARCHE
The bioavailability and toxicity of vanadium (V) to soil invertebrates may
be markedly modified by variations in the physicochemical properties
of soil. Another factor that may modify the toxicity of V is aging, yet
most toxicity data are obtained from toxicity tests conducted with soils
freshly amended with metal salts and the relevance of data from such
tests to contaminated field soils is unclear. This study examined the
toxicity of vanadium (V) to collembola (Folsomia candida) and potworms
(Enchytraeus crypticus) in a set of four European soils (Hygum, Pustnäs,
Säby, Zwijnaarde) covering a representative range of soil properties (pH,
organic matter content, texture, eCEC, Feox). Porewater V concentrations were also assessed as a measure of the bioavailable exposure dose
in the seven test soils. The effect of ageing was quantified by comparing
the toxicity of V in three soils (Pustnäs, Säby, Zwijnaarde) freshly spiked
with NaVO3 to the same soils spiked with NaVO3 and aged for up to 11
months. Oxalate-extractable iron oxyhydroxides (logFeox) and effective cation exchange capacity (logeCEC) showed a significant positive
correlation with logEC50 values in potworm tests, but no significant
correlations were observed between V toxicity in collembola and soil
properties. EC50 values based upon porewater V concentrations had
a lower coefficient of variation compared to added V concentrations
in potworm toxicity tests suggesting that porewater V concentrations
may provide a more precise measure of exposure in Enchytraeid tests.
Porewater V concentrations did not improve precision in dose estimates
for collembola. Long-term aging of soils significantly attenuated V toxicity in five of the nine organism-soil combinations.
554 Predicting Mammalian Polycyclic Aromatic Hydrocarbon
Bioavailability from Historically Contaminated Soil
K.J. James, Univ of Saskatchewan / Toxicology Centre; R. Peters, Univ
of Saskatchewan / Toxicology Group and Dept of Soil Science; M. Cave,
British Geological Survey; E. Lamb, Saskatchewan Univ / Plant Ecology
and Biostatistics Dept; M.L. Wickstrom, Univ of Saskatchewan / Toxicology
Group; S. Siciliano, Univ of Saskatchewan / Toxicology Group and Dept of
Soil Science
Soil ingestion is a major human exposure pathway to historically contaminated soil; however, pollutant transfer, termed bioavailability, from
ingested substances to humans currently cannot be confidently predicted.
Soil polycyclic aromatic hydrocarbon (PAH) bioavailability is likely
dependent upon properties linked to chemical potential and partitioning
such as fugacity, fugacity capacity, soil organic carbon and partitioning
to simulated intestinal fluids. The bioavailability of 19 historically PAH
contaminated soils has been evaluated using a juvenile swine model
and compared to partitioning parameters. Between soils, fugacity does
not predict PAH blood content, with the exception of benzo(a)pyrene.
Benzo(a)pyrene’s blood content were strongly (P< 0.001) and tightly
(slope of 0.83) linked to fugacity capacity. In contrast, fugacity within
a soil, predicts PAH blood content (Exposure = 0.32 log Fugacity +
0.13, r2 = 0.65, p < 0.005, n = 14). Soil fugacity capacity predicts PAH
soil concentration with an average slope of 0.30 and r2’s of 0.64-0.73.
Because PAH blood content was independent of soil concentration, soil
fugacity correlated to PAH bioavailability via soil fugacity’s link to soil
concentration. In conclusion, fugacity predicts PAH uptake from a soil
into blood. However, between soils, something other than partitioning
is critical to explain the differences in PAH uptake into blood between
soils.
555 Diastereoisomer-Specific Translocation of HBCD in N. benthamiana cultured on Humic Acid (HA) amended Soil
M. Son, S. Seo, Pohang Univ of Science and Technology; J. Kim, Pohang
Univ of Science and Technology / School of Environmental Science and
Engineering; Y. Chang, Pohang Univ of Science and Technology
As a matter of environmental concern, hexabromocyclododecane
(HBCD), which is brominated flame retardant that widely used all
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over the world followed by TBBPA and PBDEs, has been investigated.
Fate and metabolism of organic xenobiotics in the soil-plant system
is quite interesting for remediation of soil contamination (i.e., phytotransformation) and for that reason, various plant species have been
applied to removal of ionic and non-ionic organic pollutants from the
soil. In this study, tobacco (N. benthamiana) was used as model plant
and contaminated soil was also amended with humic acid (HA) to
investigate the implications to uptake and translocation of pollutants.
In spite of the increasing concern over environment and human health,
the fate of HBCD, especially in the terrestrial environment, have been
overlooked with the exception of a few studies. Bioaccumulation of
HBCD diastereoisomer was observed in all plant tissues, indicating
that HBCD moved to aerial part through xylem regardless of sorption
of pollutants to soil. The biomass of leaf, stem, and root of N. benthamiana became lower with increased amount of HA (%), but there were no
huge differences of water content (%) in plant cultured on the different
conditions. In other words, levels of HBCD (i.e., 6 and 60 mg/kg) and
HA (i.e., 0.01 and 0.05%) did not affect the water content (%) of each
plant tissue, as well. As the concentration of HA increased, the solubility
of HBCD increased, in particular γ-HBCD. Therefore, we could expect
the enhanced bioavailability of γ-HBCD in the technical mixtures.
However, diastereoisomeric fraction of γ-HBCD decreased in root due
to the adsorption to the surface of soil and also limited translocation of
HBCD was observed.
556 Advanced methods for modeling toxicity of metal mixtures to
plants
Y.T. Le, Univ of Duisburg-Essen / Aquatic Ecology; W. Peijnenburg, RIVM
/ Center for Safety of Substances and Products
No single chemical properties have been found to be able to explain
the variations in metal toxicity. Besides environmental chemistry,
biological responses of plants exposed to metal mixtures are affected
by interactions between the metals and interactions of the metals with
the plants. These interactions might be taken into account in estimating metal toxicity with three methods applied recently. The first is
based on the Biotic Ligand Model (BLM), i.e., metal accumulation at
biotic ligands determines toxic effects (BLM-based). In this method, it
is assumed that cations may compete with each other for binding sites
at the biotic ligands. The second assumes that metal sorption to the
plasma membrane, which is determined by the electrical potential at the
plasma membrane surface, is directly related to metal toxicity (electrostatic model). This method is based on roles of the electrical potential
at the membrane surface in metal uptake and internalisation. In the
last approach, metal accumulation in roots, which links to biological
responses, is simulated by metal binding to humic acid in geochemical
speciation models (WHAM-based model). This approach is based on the
similarities in terms of chemical structure between humic acid and roots.
These three models can be generalised as using metal affinity for binding
sites on sorption surfaces (i.e., biotic ligands, plasma membrane surface,
and humic acid) as a unifying factor of metal toxicity. The potential of
the three models for estimating the toxicity of Cu2+–Zn2+ and Cu2+–
Ag+ mixtures to lettuce Lactuca sativa was evaluated with the same
concept, i.e., toxic unit. The potential for simulating ion-ion interactions
was the decisive factor for predicting toxicity of metal mixtures with
these models. The electrostatic model was found least effective while
the WHAM-based model was only slightly better than the BLM-based
model in predicting the growth of lettuce roots exposed to the mixtures.
These results are potentially related to the negligible variations in the
electrical potential at the plasma membrane surface and the mechanisms
of ion-sorption surface interactions simulated in these models. Both electrostatic interactions and metal/site-specific binding at sorption surface
are included in the WHAM-based model. The former is excluded in the
BLM-based model while the latter is not completely addressed in the
electrostatic model.
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557 Implementation of bioavailability for ecological risk assessment of
lead in European soils
M.J. Chowdhury, International Lead Zinc Research Organization /
Manager Science; E.E. Smolders, Katholieke Universiteit Leuven / Division
Soil and Water Management; R.P. Lanno, Ohio State Univ / Dept of
Evolution Ecology and Organismal Biology; K. Oorts, ARCHE
Metal bioavailability and toxicity in soil can be strongly affected by
soil physico-chemical properties and ageing. In a multi-year study,
the lead industry has recently addressed these issues with a view to
providing state-of-the-science data for terrestrial lead risk assessment
during its product registration for REACH (Registration, Evaluation,
Authorisation and Restriction of Chemicals) in Europe. The study
included measuring toxicity of lead (Pb) for 6 endpoints (2 plants, 2
invertebrates and 2 microbial endpoints) in a set of 7 soils covering a
representative range of soil properties (pH, organic matter content, texture and eCEC). The effect of ageing was quantified by studying toxicity
of Pb after 3 different contamination conditions: i) freshly spiked with
PbCl2, ii) freshly spiked, leached and pH corrected in order to remove
salinity and pH stress, and iii) freshly spiked and aged for 5 years.
Variation in soil properties significantly explained variation in Pb toxicity for some endpoints (e.g., nitrification), but not for other endpoints
(e.g., microbial respiration, Folsomia candida reproduction). Leaching
and long-term aging of soils attenuated Pb toxicity significantly with a
median factor of 4.7, confirming higher toxicity in freshly spiked soils
compared to soils equilibrated under field conditions. Several bioavailability models, developed relating lead toxicity to soil properties, allowed
normalization of soil toxicity data to a relevant range (10th-90th percentile) of soil properties across European soils yielding safe levels of lead
between 171 and 442 mg Pb/kg. A computer interface for user-friendly
uses of the above models together with species sensitivity distribution
(SSD) analyses and other risk characterization options is currently available (http://www.arche-consulting.be/en/our-tools/soil-pnec-calculator/)
and will be demonstrated in the context of implementing bioavailability
for predicting ecological risks of Pb in soil for a given site.
558 The Biogeochemistry of Indium, Gallium, and Germanium in
Mine Wastes
S.O. White, Harvard School of Public Health / Environmental Health; L.A.
Schaider, J. Shine, Harvard School of Public Health / Dept of Environmental
Health
Indium, gallium, and germanium have important uses in new families
of high efficiency photovoltaic cells, and indium and gallium are used
extensively in LEDs. While all of these metals have been in use for
the past 30-70 years (indium in ball bearings, germanium and gallium
in semiconductors), emerging energy markets are likely to dramatically expand the industrial use of these metals, potentially by orders of
magnitude. Despite this increased use, the environmental behavior and
toxicity of these metals are poorly understood. However, there is some
indication that humans are already having a significant impact on their
cycling. Our study aims to determine the biogeochemical cycling of
indium (In), gallium (Ga), and germanium (Ge) associated with mining
processes, since our previous studies suggest that mining and smelting are currently the largest sources of these metals to the environment.
In particular, these metals are byproducts of Pb and Zn mining. Their
biogeochemistry at mining-impacted sites has a significant impact on
their range of transport, and subsequent human exposure. Our study was
based at the Tar Creek Superfund Site in Oklahoma, USA, an abandoned
Pb and Zn mine. We found that Ge is highly elevated in the mine wastes
at this site; large particles (>0.5 mm) contain 3-15x crustal concentrations,
and small particles (< 2.5 um) contain up to 40x crustal concentrations,
while Ga concentrations are not significantly higher than crustal. We do
not yet have data for total In concentrations due to its low abundance.
Ge also behaves differently than known contaminant metals in this area.
For example, over 85% of the Ge in mine wastes from this site is bound
in a residual mineral fraction (e.g., silicates) that is not liberated by a hot
nitric acid leach. By contrast, Pb, Zn, and Cd are mainly present in labile
phases. Additionally, simulated gastric fluid extractions release twice as
much Ge as a hot nitric acid extraction, indicating that some fraction of

the recalcitrant phase is bioaccessible. Again, this contrasts with Pb, Zn,
and Cd, and with Ga and In, for which simulated gastric fluid extractions release significantly less than a hot nitric acid leach. Future studies
will further explore the cycling of Ga, Ge, and In at the Tar Creek site,
including differences in the speciation, mobility, and bioaccessibility of
each, in order to more thoroughly understand the behavior and potential
impacts of these metals of emerging concern.

Advanced Analytical Methods for
Contaminant Discovery
559 Identification and Characterization of Glucorticoid Agonists in
the Aquatic Environment
S.A. Snyder, Univ of Arizona / Chemical and Environmental Engineering;
A. Jia, D. VanDervort, S. Wu, Univ of Arizona
Through in vitro screening using a reporter gene assay, high levels of
glucocorticoid-receptor (GR) activity in wastewater discharges and
recycled water were identified. The levels were orders of magnitude
higher than observed for estrogen receptor activity. This bioactivity could
not be explained by targeted GR analyses based on previously published
work. Therefore, bioactive extracts from water were fractionated using
normal-phase HPLC (NP-LC) since the original extracts were prepared
in relatively non-polar organic solvents. Each fraction was isolated using
an automated fraction collector in a 96-well plate format. These organic
fractions were then evaporated to near dryness, and then reconstituted
in methanol. Each resulting extract from the fractionation was then split
into an aliquot for mass spectrometry and an aliquot for re-analysis in
the GR bioassay. Using LC-QTOF with exact mass scans and data processing using Mass Profiler Professional (MPP), we were able to identify
several new GR compounds that had not been previously reported.
Authenticated standards were then procured and an optimized targeted
analytical method using LC-QQQ was developed. In this method, a
baseline separation of two epimers of betamethasone and dexamethasone
was also achieved in addition to a reasonable separation of the two chiral
isomers R(+) and S(-) budesonide. The resulting detection limits were
extremely low at 0.01-2.0 ng/L. After developing the robust targeted
analysis based on cellular bioassay-directed analyses and LC-qTOF
untargeted identification, we were able to successfully balance the biological activity observed with concentrations occurring in the environment.
This methodology demonstrates methodologies to successfully characterize complex mixture toxicity in the environment along with specific
targeted analyses once plausible target compounds have been determined
using high-resolution mass spectrometry.
560 Tracking Organic Transformation Products during Chlorination
in Wastewater Treatment
M. Bedner, W.A. MacCrehan, NIST; G. Helz, Univ of Maryland College
Park
Chlorination is widely-used in wastewater treatment to prevent the
release of pathogens into the environment. Being a strong, non-selective
oxidant, chlorine produces numerous undesired side-reactions. We
developed and utilized advanced analytical approaches to discover
and identify the cascade of organic reaction products formed during chlorination of wastewater. Organic chloramines represent a vast
class of important but poorly understood compounds that are formed
in wastewater from the reaction of chlorine with organic amines, most
notably amino acids, peptides, and proteins. We developed a selective
liquid chromatographic (LC) system that uses a post-column reaction/
electrochemical (EC) detection and three analysis modes to characterize
chloramines. In flow injection mode, the total oxidizing chlorine was
determined. Using two separation modes, reverse-phase (RP) and gel
permeation, chloramines were characterized based on hydrophobicity
and size, respectively. When this system was applied toward wastewater
samples, several important properties were revealed even though individual compounds were not identified. As chlorinated samples matured
over the period of minutes to hours, a decline in total oxidizing chlorine
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was observed along with a gradual shift toward higher molecular mass
and/or hydrophobic chloramines. Our unique analytical approach permitted the observation of these chlorine transfer dynamics on time scales
relevant to wastewater processing. Pharmaceuticals are also important
organic constituents of wastewater. Given the wide diversity in structure
and function of pharmaceuticals combined with their biological activity, understanding the fate of these compounds during chlorination is
important yet poses an analytical challenge. We studied the reactivity
of five model compounds with chlorine using RP-LC to separate the
parent pharmaceuticals and the reaction products, which were evaluated
simultaneously using absorbance, EC, and mass spectrometric detection modes for product identification. All pharmaceuticals underwent
facile reaction with chlorine, in most cases forming multiple products
that were more hydrophobic than the parent based on their LC retention characteristics. Although some of the transformation products
were unidentified due to the lack of accurate mass instrumentation and
commercial standards, we were able to characterize all products based on
their chemical reactivity and properties using our approach.
561 Non-targeted Analysis of Samples from the Oil Sands Area of
Alberta, Canada
C.A. Manzano, Environment Canada / Aquatic Contaminants Research
Division; C.H. Marvin, Environment Canada; D.C. Muir, Environment
Canada / Aquatic Contaminants Research Division
Long-term data sets on major contaminants, such as polycyclic aromatic
compounds (PACs), have been gathered in the past few years as part
of the Alberta-Canada Joint Oil Sands Monitoring (JOSM) program,
initiated in April 2012 in the Athabasca Oil Sands (AOS) area in
Northeastern Alberta, Canada. However, most efforts and monitoring
plans have focused on a limited list of analytes. PACs are formed by
the incomplete combustion of organic matter during both natural and
anthropogenic processes. Therefore, all environmental samples collected
from the AOS area can contain PACs from several potential sources
including upgrading and mining operations, blowing dust, local forest
fires, and vehicle emissions. This study was designed to explore PAC
isomers currently not being monitored in snowpack samples and lake
sediment samples collected in the AOS area during 2012-2013 at varying
distances from the main developments. Samples were analyzed by twodimensional gas chromatography with time-of-flight mass spectrometry
(GC×GC/ToF-MS) using different GC column sets. Orthogonality
aspects, limits of detection and reproducibility were explored for each
column set used. The use of a liquid crystalline column in the first
dimension followed by a nano-stationary phase column in the second
dimension showed to be effective for the separation of PAC isomers
that could not be detected using traditional GC columns, especially for
sulfur containing PACs. Alternatively, the use of an ionic-liquid column
in the first dimension followed by an Rxi-17 in the second dimension successfully isolated nitrogen containing PACs (e.g., carbazoles
and alkylated-carbazoles) from the sample matrix. Based on relative
concentrations, some PAC isomers identified (e.g., phenanthro-thiophenes) were more predominant than conventional PACs, and showed
similar concentration patterns in snowpack and lake sediment samples.
Decreasing relative concentrations with increasing distance from main
developments were found, as well as decreasing relative concentrations
with increasing depth of sediments for lakes located near the major
developments in the AOS area.
562 Non-Targeted Analysis of Petroleum Metabolites in Groundwater
at Historic Fuel Release Sites by GCxGC-TOFMS
R.E. Mohler, Chevron ETC / PAD; K. O’Reilly, Exponent; D.A. Zemo,
Zemo & Associates; T.C. Wegesser, Chevron ETC; R.I. Magaw, HES; C.
Espino-Devine, Chevron ETC
Petroleum hydrocarbons biodegrade in the environment and are converted to polar metabolites. These polar species will be extracted and
quantified as Total Petroleum Hydrocarbons (TPH) unless they are
removed from the extract prior to analysis. Silica gel cleanup (SGC) can
be effective at removing the polar compounds from the extract; however,
regulatory agencies have been inconsistent in allowing removal of these
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polar compounds from the extract due to their unknown nature and toxicity. Groundwater at fuel release sites often contains a complex mixture
of hundreds to thousands of compounds including petroleum hydrocarbons, polar metabolites, and natural organic matter which makes it
difficult to get a good compositional understanding of what is present.
Only a limited number of these metabolites have been identified by
traditional GC-MS methods because they are difficult to resolve using
standard columns. Additionally, the targeted use of derivatization limits
the detection of many potential metabolites of interest. The objective of
this research was to develop a non-targeted GCxGC-TOFMS approach
to characterize petroleum metabolites in environmental samples gathered
from fuel release sites. The GCxGC method tentatively identified over
1600 unique polar metabolites including acids/esters, alcohols, phenols,
ketones, and aldehydes from 71 groundwater samples collected at 14
fuel terminals and 18 groundwater samples collected at 5 service station
sites. The types of metabolites varied by location within a given site,
i.e., between the source zone and downgradient, with the organic acids/
esters comprising the bulk of the downgradient material quantified as
TPH. The improved compositional information allowed a comparison of
the toxicity of these polar compounds relative to the original petroleum
hydrocarbons, and helped to understand the natural attenuation of petroleum hydrocarbons and polar metabolites in groundwater.
563 Exploring human exposure to organic micropollutants in the
indoor environment by non-targeted LC-HRMS analysis
L. Ferguson, Pratt School of Engineering / Dept of Civil and Environmental
Engineering; B. Vogler, Duke Univ / Dept of Civil and Environmental
Engineering; H.M. Stapleton, Duke Univ / Nicholas School of the
Environment
Exposure to organic contaminants present in the indoor environment is
suspected to be linked with adverse health outcomes including neurodevelopmental effects and obesity. Human exposure can occur through
contact with consumer products, indoor furnishings, inhalation, and
inadvertent ingestion of indoor dust. Many of these contaminants are
endocrine disruptors, such as phthalates, the flame retardants, organophosphate polymer additives, and pesticides. The use of these chemicals
in consumer products has led to their ubiquitous occurrence in indoor
environments. We have utilized a non-targeted, HPLC-HRMS analytical method to reveal the identities and mixture composition of organic
residues in household dust as well as to track human exposure to these
compounds by analysis of hand-wipes. Our analytical workflow was
based on use of accurate molecular mass, high-fidelity isotope measurements, and data-directed HRMS/MS spectra for querying public
molecular databases (PubChem, Chemspider, and CAS), spectral libraries (NIST, MassBank, and local/proprietary libraries), identification of
organic compounds. For analyses, 25uL of the air, hand wipe and dust
extracts was separated by reversed-phase UHPLC. An LTQ-Orbitrap
Velos mass spectrometer operated in either positive or negative ESI mode
was programmed to acquire continuous high-resolution (R>100,000)
full-scan (m/z 150-2000) data as well as data-dependent CID spectra
concurrently. Chromatograms were then processed for molecular feature
detection and annotation with molecular formula and structure based
on accurate mass, isotope abundance, intensity, MS/MS spectrum, and
retention time filtering. Results indicate that nonionic, polyethoxylated
surfactants (including nonylphenol ethoxylates and alcohol ethoxylates) are ubiquitous contaminants in household dust and that these
compounds are also present in associated human hand wipes. Other
compounds identified included polymer additives (including caprolactam oligomers and organophosphate plasticizers), azo dyes (e.g., Sudan
3), pesticides (including imazalil and imidacloprid), and triglyceride
breakdown products (e.g., dilinolein). These results demonstrate that
non-targeted analytical approaches can enable a much more comprehensive exposure data set for organic micropollutants than can targeted
approaches alone and can provide unique “leads” for further investigation
of health effects.

WEDNESDAY PLATFORM ABSTRACTS
564 SRM 2585 Organic Contaminants in House Dust as a material
for evaluating non-targeted screening tools
B.J. Place, J.A. Murray, National Inst of Standards and Technology /
Chemical Sciences Division
With the rapid emergence of novel non-targeted analytical and dataprocessing tools there are opportunities for the National Institute of
Standards and Technology (NIST) to aid this development through the
provision of well-characterized materials that could be used to test new
techniques and algorithms. SRM 2585 Organic Contaminants in House
Dust is a Standard Reference Material (SRM) that has certified and reference concentration values for a wide variety of common environmental
contaminants. The SRM has been deemed homogenous and shelf-stable,
specifically for the certified compounds. The work presented is twofold:
first, to evaluate whether or not SRM 2585 represents a suitable environmental material for testing new non-targeted analysis tools; and second,
to determine the performance of the material for comparing qualitative
non-targeted results. In order to meet the first objective, SRM 2585 was
exhaustively analyzed by a variety of sample preparation techniques,
including ultrasonication by various extraction solvent compositions;
analytical techniques, including GC-MS, GCxGC-MS, LC-HRMS,
and LCxLC-HRMS; and different data analytics software, including
in-house and commercially-available algorithms. SRM 2585 proved an
excellent material for testing non-targeted screening procedures. The
material is rich in environmental contaminants (beyond those compounds
that it has been certified) and is amenable to multiple instrumental
techniques. Through the use of the material, the in-house algorithms
could be developed and applied to both LC-HRMS and LCxLC-HRMS
data for mass spectral deconvolution leading to compound identification.
Multidimensional separations, both LCxLC-HRMS and GCxGC-MS,
show clear advantages in providing cleaner mass spectra compared to
one-dimensional separations due to increased resolution of compound
peaks. The second objective, the performance of the material for comparing non-targeted results, was evaluated by looking at the reproducibility
of the material (using a single extraction and analysis technique) from a
non-targeted perspective, the variability of the material using different
extraction and analysis techniques, and the long-term stability of the
material in the solid and extracted-liquid forms. Overall, the material
shows promise as a non-targeted screening test material, although further
work is needed to identify how the material can be used to help validate
emerging analytical and data-processing tools.

identified from these experiments will be combined with LC Time
of Flight accurate molecular mass determinations for high confidence
chemical assignments. These combined results will then be compared
to the master list of chemicals in the mixture for correct assignments.
This presentation will discuss the workflow using this approach, its
advantages/disadvantages and limitations, as well as the results of the
experiments.
566 Discovering Emerging Chemicals in Lake Trout: Data Reduction
and Optimizing HRMS Data
B. Crimmins, Clarkson Univ / Civil and Environmental Engineering; S.
Fakours, Clarkson Univ / Civil Environmental Engineering; P. Hopke,
Clarkson Univ / Inst for a Sustainable Environment; T.M. Holsen, Clarkson
Univ
The Great Lakes Fish Monitoring and Surveillance Program is currently
developing a spectral database for emerging chemicals discovered in lake
trout. The current data acquisition system consists of a QToF coupled
with a liquid or gas chromatography front end. Both configurations
generate large amounts of chromatographic and high resolution mass spec
data including alternating low/high energy signals for data independent
MS/MS experiments. To better understand the structure of these datasets
we are currently exploring several enhanced data deconvolution/reduction
techniques. The first is an algorithm generated in-house using open source
data file conversions and Matlab scripts. This approach proved successful
is identifying several polyfluorinated ethers in Lake Michigan lake trout.
The second employs a third party software system developed Advanced
Chemistry Development (Toronto, ON) to globally deconvolute, characterize and apportion the chromatographic and mass spectral data. Both
techniques will be compared and results from the analysis of lake trout
will be discussed in terms of new chemical discovery.

565 Workflow and Proof of Concept for Non-Targeted Analysis of
Environmental Samples by LC-MS/MS
C. Rosal, USEPA / ORD NERL HEASD; E.M. Ulrich, USEPA /
Methods Development and Applications Branch; L. McMillan, National
Caucus Center on Black Aged; M.J. Strynar, USEPA / National Exposure
Research Laboratory
The human exposome includes thousands of chemicals acquired through
various routes of exposure such as inhalation, ingestion, dermal contact, and indirect ingestion. Rapid assessment and screening of these
chemicals is a difficult challenge facing USEPA in its mission to protect
public health and the environment. A variety of methods and models to
understand and predict exposures are currently in development. These
tools must advance knowledge of chemicals to which we are exposed,
and at what concentrations. They must also provide “ground truthing”
for various high-throughput exposure models. Non-targeted analysis and
suspect screening are powerful techniques that have widely increased
in use in recent years due to the advances in analytical instrumentation. High resolution mass spectrometry (HR-MS) coupled with liquid
chromatography (LC) is the instrument of choice because of its broad
applicability to many compounds and ability to detect accurate mass
of both molecular ions and characteristic fragments. In the absence of
such a HR-MS in a lab, we are exploring the use of LC-tandem mass
spectrometry (LC-MS/MS) for non-targeted analysis to provide more
evidence for confirming compound identity. A blinded 100 chemical
mixture was analyzed in positive and negative electrospray ionization
mode using a tiered mass spectrometry experiment approach. Spectral
searches were conducted with LC-MS/MS libraries. Compounds
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Moving Beyond Model Organisms – Next
Generation Species Extrapolation

Outcome Pathway concept and we will propose possible future steps for
large-scale application of cross-species extrapolation approaches to the
risk assessment of pharmaceuticals.

567 Use of the Adverse Outcome Pathway Framework to Represent
Cross-species Consequences of Specific Pathway Perturbations
D.L. Villeneuve, C. LaLone, USEPA / Mid-Continent Ecology Division;
M.W. Hornung, USEPA / ORD NHEERL Mid-Continent Ecology
Division; A. Schroeder, USEPA / Water Resources Center; G.T. Ankley,
USEPA / National Health and Environmental Effects Research Laboratory;
H. Mortenson, USEPA / ORD Research Cores Unit; S. Edwards, Integrated
Systems Toxicology Division; D. Knapen, L. Vergauwen, Univ of Antwerp
/ Zebrafishlab Dept Veterinary Sciences; M. Hecker, Univ of Saskatchewan /
School of the Environment and Sustainability and Toxicology Centre
The adverse outcome pathway (AOP) framework has been developed
as a means for assembling scientifically defensible descriptions of how
particular molecular perturbations, termed molecular initiating events
(MIEs), can evoke a set of predictable responses at different levels of
biological organization (key events, KEs) culminating in an adverse
outcome (AO) of regulatory significance. It is however recognized that
the consequences of chemical-induced pathway perturbations can vary
significantly among species. Therefore, for the framework to be useful in
an ecological risk assessment context, it is important that both cross-species similarities and differences can be represented. Recent case studies
with thyroperoxidase and deiodinase inhibition leading to adverse developmental outcomes in fish, frogs, and mammals, and aryl hydrocarbon
receptor activation leading to adverse effects in fish, birds, and mammals,
provide examples of how the AOP framework, and AOP networks,
can be applied to capture knowledge concerning the range of AOs that
may manifest across species. The examples provide insight into how the
AOP framework can serve as a foundation and justification for using
high throughput toxicology data from a limited range of model species
to predict apical outcomes in a broader range of taxa. Additionally, they
demonstrate how a systematic evaluation framework can be applied to
consider the relevant taxonomic applicability domain of any given AOP.
Overall, the case studies demonstrate how the AOP framework can be
effectively applied to support and inform cross-species extrapolation as
part of a pathway-based to risk-based ecological decision-making. The
contents of this abstract neither constitute nor necessarily reflect official
USEPA policy.

569 Leveraging a large scale mammalian pharmacological dataset to
prioritize potential environmental hazard of pharmaceuticals
J.P. Berninger, USGS / CERC, Biochemistry Physiology; C. LaLone, D.L.
Villeneuve, USEPA / Mid-Continent Ecology Division; G.T. Ankley,
USEPA / National Health and Environmental Effects Research Laboratory
The potential for pharmaceuticals in the environment to cause adverse
ecological effects is of increasing concern. Given the thousands of active
pharmaceutical ingredients (APIs) which can enter the aquatic environment through various means, a current challenge in aquatic toxicology is
identifying those that pose the greatest risk. Because empirical toxicity
information for aquatic species is generally lacking for pharmaceuticals,
an important data source for prioritization is that generated during the
mammalian drug development process. Applying concepts of species
read-across, mammalian pharmacokinetic data were used to systematically prioritize APIs by estimating their potential to cause adverse
biological consequences to aquatic organisms, using fish as an example.
Mammalian ADME (absorption, distribution, metabolism, excretion)
data (e.g., peak plasma concentration, apparent volume of distribution, clearance rate and half life) were collected and curated, creating
the Mammalian Pharmacokinetic Prioritization For Aquatic Species
Targeting (MaPPFAST) database representing 1070 APIs. From
these data a probabilistic model and scoring system were developed
and evaluated. Individual APIs were ranked based on clearly defined
read-across assumptions for translating mammalian derived ADME
parameters to estimate potential hazard in fish (i.e., greatest predicted
hazard associated with lowest mammalian peak plasma concentrations,
total clearance and highest volume of distribution, half-life). In addition, the MaPPFAST database can be used to develop data-derived
estimates for missing or unknown data, furthering prioritization efforts.
It is anticipated that the MaPPFAST database and the associated API
prioritization approach will help guide research and/or inform ecological
risk assessment.

568 Species extrapolation between humans and fish: A two-way street
L. Margiotta-Casaluci, J.P. Sumpter, Brunel Univ / Inst of Environment
Health and Societies; M. Rand-Weaver, Brunel Univ / College of Health and
Life Sciences; S. Owen, AstraZeneca / Safety Health Environment
Fish are an important translational model for the pharmacological
and toxicological characterization of human pharmaceuticals in both
environmental and biomedical applications. However, do fish respond
to pharmaceuticals as humans do? To address this question, we applied
a novel quantitative cross-species extrapolation approach based on the
hypothesis that similar plasma concentrations of pharmaceuticals cause
comparable target-mediated effects in both humans and fish at similar
level of biological organization (Read-Across Hypothesis). This approach
was developed with the aim of taking species extrapolation beyond the
horizon of qualitative applications and to fully exploit its translational
power in a quantitative decision-making scenario. Here, we will provide
an overview of the predictive power of the Read-Across approach using
a set of pharmaceuticals acting via different mechanisms of action.
Anchoring the interpretation of pharmacological and toxicological effects
to drug internal concentrations resulted in a significant improvement of
the predictive power of species extrapolation. This suggests that a deeper
understanding of uptake as well as absorption, distribution, metabolism,
and excretion processes in different species can represent a major driving
factor to enhance the reliability of the extrapolation of risk assessment
of pharmaceuticals across species. The theoretical implications of the
Read-Across approach will be discussed in the context of the Adverse
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570 Differences in species sensitivity towards the psychiatric drug
oxazepam
J. Fick, M. Heynen, Umea Univ; M. Jonsson, J. Klaminder, T. Brodin,
Umea Univ / Dept of Ecology and Environmental Science
We have previously showed that an anxiolytic drug, the benzodiazepine
Oxazepam, alters behavior and feeding rate of wild European perch
(Perca fluviatilis) at concentrations closely related to those reported
in effluent influenced surface waters. Exposed individuals exhibited
increased activity, reduced sociality, and higher feeding rate with the
implications that anxiolytic drugs in surface waters profoundly alter
animal behaviors that are known to have ecological and evolutionary
consequences. In our first study only a single species was investigated
but inter-species internal levels, following exposure of a pollutant,
may vary due to diverse bioaccumulation rates. To make things even
more interesting, not all species have the mode-of-action targets for
pollutants, which are relevant in the case of pharmaceuticals, since
the environmental effects would have to be correlated with conserved
targets in exposed biota and not with a general toxic effect. Gunnarsson
et al made predictions in 16 species whether or not they had orthologs
for 1318 human drug targets and they showed that e.g., zebrafish had
orthologs to 86% of the drug targets while only 61% were conserved in
Daphnia. Benzodiazepines, for examples, act upon the γ-aminobutyric
acid (GABA) receptor and several species have orthologs of this receptor,
which implies that many, but not all, organisms in aquatic environments could be affected by this pollutant. These inter-specie sensitivity
differences will of course have implications in effluent dominated aquatic
environments since this will most likely cause asymmetric ecological
effects in exposed biota. This study therefore focuses on both the difference in bioconcentrations factors (BCFs) and response, measured as
behavioral alterations of the benzodiazepine, oxazepam, in both vertebrates and invertebrates.
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571 Cross-species Extrapolation of Mammlian-Based ToxCast Data
using Sequence Alignment to Predict Across Species Susceptibility
(SeqAPASS)
C. LaLone, USEPA / Mid-Continent Ecology Division; G.T. Ankley,
USEPA / National Health and Environmental Effects Research Laboratory;
T. Tal, USEPA / ORD NHEERL; D.L. Villeneuve, USEPA / MidContinent Ecology Division
In vitro high-throughput screening (HTS) and in silico technologies
have emerged as 21st century tools for chemical hazard identification.
In 2007 the US Environmental Protection Agency (USEPA) launched
the ToxCast Program, which has screened thousands of chemicals in
hundreds of mammalian-based HTS assays for biological activity suggestive of potential toxic effects. Data generated through this effort are
being used to prioritize toxicity testing on chemicals most likely to lead
to adverse health effects. To realize the full potential of the ToxCast data
for predicting adverse effects to both humans and wildlife, it is necessary to understand how broadly these data may plausibly be extrapolated
across species. Therefore, the USEPA Sequence Alignment to Predict
Across Species Susceptibility (SeqAPASS) tool was used to assess
conservation of the 460 protein targets represented in the ToxCast assay
suite. The SeqAPASS query species/sequence was selected based on the
model organism used in the ToxCast assay (e.g., human, cattle, chimpanzee, guinea pig, rabbit, rat, mouse, pig, or sheep). Similarity of primary
amino acid sequences and sequences from specific functional domains
were compared across species to understand conservation of each assay
target across taxa and to probe the question of how broadly the ToxCast
data may be extrapolated to other organisms. A case study involving 30
ToxCast assay targets representative of molecular initiating events in
adverse outcome pathways leading to abnormal vascular development
was developed. This case study demonstrates the utility of SeqAPASS for
informing the extrapolation of ToxCast data and identification of model
organisms likely to be suitable for follow-up or complementary in vivo
toxicity tests. The contents of this abstract neither constitute nor reflect
official USEPA policy.
572 Development of fully-automated pipelines for the identification
of protein targets and susceptible wildlife species
O. Price, Unilever / Colworth Science Park; L. Larcombe, Applied Exomics;
A. White, Unilever; C. Rendal, Unilever / Safety and Environmental
Assurance Centre; J. Nightingale, Lancaster Univ / Lancaster Environment
Centre
Computational approaches have shown promise for the refinement of
environmental risk assessment frameworks where the mode of action
for the chemical of interest is known (e.g., antimicrobials, pharmaceuticals, pesticides, etc). We build on previous workflows by LaLone et
al. and present a novel fully-automated strategy that utilises molecular
sequence information for assessment in silico of the conservation of
specific protein targets across wildlife species. Such approaches have
several potential benefits, including: (1) maximising the use of available
data to inform risk assessment; (2) reducing the reliance on conservative
assessment factors to account for untested species, and; (3) strengthening
data waiving approaches via the identification of potentially vulnerable
species. The utility of different databases and bioinformatic methods are
considered. For example, we assess the suitability of available sequence
databases, protein alignment tools for database searching, protein
domain databases, approaches to identify orthologues, and the use of
similarity cut-off values. We explore the use of cross referencing to key
ecotox species to identify unique species from the homologue search.
We discuss the optimization of the steps and propose a fully automated pipeline for mapping protein targets across species that performs
an assessment in under ten minutes, running on commodity desktop
hardware. Furthermore, we outline complimentary workflows for the
identification of protein targets for a chemical and for the prediction of
protein targets using similar chemical structures. To demonstrate the
utility of the strategy developed here we present case studies using the
pipelines. We evaluate performance by exploring the diversity of species

that may be impacted by the action of several commercially-relevant
chemical examples that target specific proteins, and by identifying key
susceptible ecotox species.
573 Conservation of biological pathways across non-animal models
drives chemical effects
M. Wilbanks, US Army Engineer Research and Development Center
/ Environmental Lab; N. Vinas, US Army Engineer Research and
Development Center; J. Stanley, USACE; L. Burgoon, US Army
Engineer Research and Development Center / Environmental Laboratory;
K. Donohue, US Army Engineer Research and Development Center;
E.J. Perkins, US Army Engineer Research and Development Center /
Environmental Laboratory
New regulatory and social pressures to rapidly identify toxic chemicals
and reduce use of animals necessitate using alternative, non-animal
models (embryos, cell lines, in vitro bioassays, non-vertebrate organisms)
to assess the hazards that new and uncharacterized chemicals pose to
humans and animals. A significant flaw in these efforts is an inability
to link effects on alternative models to toxic effects in whole animals
and species of concern where risk is ultimately evaluated. Since biological pathways underlie toxicological outcomes at any level of biological
classification, pathway conservation implies that a chemical toxic to one
species should also be toxic to another. Many materials share common
chemical structures and therefore common modes of action regarding
toxicity. From this, we hypothesize that non-animal models of different
species exposed to the same chemical will have similar conserved pathways present at similar chemical levels. C. elegans (CE; L3 larvae; 24h
exposure), Daphnia magna (DM; 48h old, 48h exposure), or zebrafish
embryos (ZF; 96h exposure from fertilization) were exposed to bisphenol
A (BPA), hexahydro-1,3,5-trinitro-s-triazine (RDX), 2,4,6-trinitrotoluene (TNT), flusilazole (FLU), or perfluorooctanesulfonic acid (PFOS).
TNT was more toxic to ZF embryo when compared to Daphnia magna
or C. elegans. BPA was equally toxic in ZF embryo and DM compared
to C. elegans. RDX did not produce toxicity in any non-animal model
up to the highest concentration tested. FLU was equally toxic in ZF
embryo and DM. Sublethal effects were observed in ZF embryo exposed
to TNT, BPA, and FLU. PFOS was much more toxic to DM than C.
elegans, ZF embryo exposure pending. Transcriptomics will be completed
for all three non-animal models along with human induced pluripotent
stem cells (iPSC) exposed to each of the 5 chemicals. Using transcriptomic data, the point of departure (POD) method will be utilized to
identify biological pathways that are responsive at the lowest concentration in order to test our hypothesis. Data will then be presented in an
Adverse Outcome Pathway (AOP) framework. Understanding how
pathways, especially conserved pathways, cause a stressor to affect its
molecular target and the subsequent effect within that organism leading
to possible changes on the individual and/or population as a whole is
crucial in determining risk and implementing proper regulatory levels of
a chemical in the environment.
574 Exploiting genomics to predict environmental risk of
pharmaceuticals
L.G. Kearney, Univ of Exeter / Biosciences; E. Kristiansson, Chalmers Univ
of Technology / Dept of Mathematical Statistics; T. Österlund, Chalmers
Univ of Technology / Mathematical Sciences; S. Owen, AstraZeneca / Safety
Health Environment; J. Snape, AstraZeneca UK Ltd. / AstraZeneca Global
Environment; C. Tyler, Biosciences College of Life and Environmental
Sciences
Adequate environmental risk assessments are currently lacking for
many of the legacy pharmaceuticals that are in use today and there is a
need to develop better prioritization strategies to identify those active
pharmaceutical ingredients (APIs) most likely to pose the greatest risk.
Approaches, which assume that APIs cause similar pharmacological effects at similar internal concentrations in wildlife as in humans,
appear to be promising for prioritization of hazard. Further development and validation are however needed to establish the robustness of
this method. The approach requires information on the bioavailability
of an API and models predicting the partitioning between water and
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fish (e.g., blood plasma) have been developed for this purpose. Accurate
predictions of the conservation of drug targets, their expression and
binding potential are also required. Predictions of which pharmacological mode of actions are more likely to cause adverse effects in wildlife
species is also important for adequate prioritization of hazard. Here, we
explore the utility of genomics strategies to identify the conservation and
expression of drug targets across diverse animal taxa. Links to potential
adverse effects are also explored. First we present orthologous relationships between human drug targets and the corresponding proteins in 40
vertebrate genomes, including 13 species of fish. We show that less than
2% of all FDA approved drugs (1023) lack conserved drug targets in two
or more of the ten teleost fish genomes analysed. Analysis of available
gene expression data from different development stages of zebrafish show
that all analysed targets (733) are expressed during early life. For each
API included in the study, the measured lowest-observed effect-concentration (LOEC), from early life-stage test (OECD210) or fecundity
test in fish, is compared to the water concentration that is predicted to
result in a blood plasma concentration in fish equal to the therapeutic
plasma concentrations in humans. Despite the fact that the vast majority of drug targets were found to be conserved and are expressed in fish
during the test period, one third of the LOECs suggest an unspecific
mode of toxicity such as narcosis. All LOECs of 11 APIs targeting sex
hormone receptors suggest a pharmacological mode of action but six of
the predicted water concentrations differ more than tenfold from the
LOECs. Improved predictions of both the bioavailability and potency
are therefore needed.

Advances in Environmental Metabolomics
575 A Multi-Omic Approach to Elucidate Contaminant Modes-ofAction in the Zebrafish Larvae
S.S. Huang, AXYS Analytical Services Ltd. / Metabolomics; J. Benskin,
Stockholm Univ; B. Chandramouli, AXYS Analytical Services Ltd.; N.
Veldhoen, Univ of Victoria; C.C. Helbing, Univ of Victoria / Dept of
Biochemistry Microbiology; J. Cosgrove, AXYS Analytical Services Ltd.
The zebrafish (ZF; Danio rerio) embryo has gained considerable attention through OECD and REACH initiatives as an in vitro model
to characterize adverse effects following environmental contaminant
exposure. While desirable in terms of assay throughput and cost, conventional toxicity testing using this model is often not sensitive enough
to inform real world scenarios in which exposure to low-level chemical
contamination and complex mixtures are common. In comparison, omics
technologies can detect changes in messenger RNAs, proteins, and/or
metabolite levels, potentially offering more sensitive and specific information on chemical toxicity. Such data may be suitable for understanding
a chemical’s mode-of-action and in supporting adverse outcome pathway
development. In this study we expanded our targeted metabolomics by
inclusion of transcriptomic approaches to evaluate contaminant toxicity
in a ZF larvae model. ZF larvae (96 hpf) were exposed for a 24h period
to a wide range of contaminants including endocrine disruptors, pharmaceutical and personal care products, and heavy metals at environmentally
relevant concentrations. Quantitative real-time PCR analysis was
performed on multiple target gene transcripts covering a wide range of
biological systems to assess transcriptomic effects. Over 200 metabolites,
including acylcarnitines, amino acids, glycerophospholipids, ∑hexose,
sphingolipids, biogenic amines, and fatty acids were quantified by
LC-MS/MS and FI-MS/MS to determine effects on the metabolome.
This combined ‘omics approach allows for anchoring of each treatmentspecific metabolomics fingerprint with corresponding transcriptomic
profiles. Furthermore, this “multi-omics” approach can offer improved
insights on molecular initiating events as well as key trajectories leading
to adverse health outcomes for exposed animals.
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576 An in vivo metabolomic study for developmental neurotoxicty
of pesticides, combining cognitive and motor function effects with
metabolomic pathways
P. Leonards, S. Tufi, VU Univ Amsterdam / Inst for Environmental Studies
IVM; M. Llansola, B. Gomez-Gimenez, V. Felipo, Centro de Investigación
Principe Felipe
Worldwide, serious concern has arisen about the increased incidence
of learning and developmental disorders in children. Various recent
epidemiological studies have indicated that exposure to low doses of
environmental biologically active contaminants during human development can have deleterious effects on cognitive development in childhood.
The EU-funded project DENAMIC investigates neurotoxic effects (e.g.,
learning and developmental disorders) of low-concentration mixtures
of pesticides and a number of common environmental pollutants in
children. In the current study the aim was to investigate underlying
molecular mechanisms of observed effects on behavior and cognitive
function of pesticide exposure in rats using metabolomics. Effects of pesticide exposure on cognitive and motor function in rats was investigated.
Rats were exposed to endosulfan, cypermethrin, carbaryl, or chlorpyrifos
during gestation and lactation. Targeted and untargeted metabolomics
were carried out in brain tissues (cerebellum, cortex, hippocampus,
striatum). The biochemical networks were mapped for males, females
and for each brain tissue using MetaMapp and Cytoscape. The cognitive
and behavior tests showed that pesticide had effects on anxiety, spatial
learning, motor coordination, motor activity, active avoidance, and working memory. These effects were pesticide specific and some effects were
gender specific. Males showed increased anxiety and impaired spatial
learning after endosulfan exposure which was not found in females. In
general, carbaryl induces fewer effects on cognitive function and motor
activity than the other pesticides. Metabolomics showed brain tissue and
gender specific effects on different metabolic and neuronal pathways.
Endosulfan exposure showed mainly increases in metabolites in females
and decreases in males cortex and striatum. Pathway mapping showed
effects at arious pathways (e.g., glycerophospholipids, GABAgeric, serotoninergic, dopamergic, histidine, amino acids, nucleosides). Endosulfan
and cypermethrin exposure showed effects on the cholinergic pathway
which was specific for striatum, and the strongest effects were seen in
males. Both choline and acetylcholine increased after endosulfan exposure indicating effects at the synapse of neurons. But also choline as part
of the glycerophospholipid pathway was affected in hippocampus and
cortex. Some of the down and upregulated metabolites were correlated to
the observed behavior and cognitive effects.
577 Applying high resolution mass spectrometry and network analysis
to assess effects of a novel androgen, spironolactone, on metabolic
pathways in fish
J. Davis, D. Ekman, USEPA / Ecosystems Research Division; D. Skelton,
USEPA / Ecosystems Research Division; C. LaLone, USEPA / MidContinent Ecology Division; G.T. Ankley, USEPA / National Health
and Environmental Effects Research Laboratory; J.E. Cavallin, USEPA;
D.L. Villeneuve, USEPA / Mid-Continent Ecology Division; T. Collette,
Ecosystems Research Division
Although metabolomics can successfully detect effects from overall
contaminant exposure, its ability to elucidate specific metabolic pathways impacted by those exposures can be hindered by bottlenecks in
metabolite identification. However, improved analytical approaches that
combine untargeted high-resolution mass spectrometry and network
analysis can facilitate rapid inference of biochemical pathways affected by
contaminant exposure. Accordingly, we present results from a laboratory-based study that applied such a metabolomics-based approach to
discern biochemical responses of fathead minnows (Pimephales promelas)
exposed to spironolactone, a synthetic androgen receptor agonist that
has exhibited androgenic properties in aquatic biota. Male and female
fish were exposed for 21-days to 5 different concentrations of spironolactone (0, 0.05, 0.5, 5, and 50 µg/L). Endogenous polar metabolites in
liver tissue were then analyzed using high resolution mass spectrometry
(LC-MS). Results from the multivariate analyses showed that profiles
of endogenous metabolites in female fish were significantly impacted at
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higher concentrations (5 and 50 µg/L), but not at lower concentrations.
Metabolite profiles in male fish were only significantly impacted at the
highest concentration (50 µg/L). Network analysis identified several
endogenous metabolites involved in glutamate, tryptophan, and amino
acid metabolism that were significantly affected by exposure. These
results largely agree with previous results showing that females exposed
to high concentrations of spironolactone exhibited significantly lower
fecundity and plasma vitellogenin (VTG) levels. Thus, this overall study
further demonstrates the utility of high resolution mass spectrometry for
discerning biochemical responses and contaminant modes of action.
578 Atrazine, triclosan and dietary fatty acids can cause sublethal
effects by altering allocation of polar lipids in Daphnia magna
N. Sengupta, D.C. Reardon, Clemson Univ / Dept of Biological Sciences;
W.S. Baldwin, Clemson Univ / Biological Sciences
Acclimation to toxicants is energy expensive. Several nuclear receptors
(NR) involved in acclimation to toxicants (CAR/PXR/HR96) are also
involved in energy homeostasis. Daphnid and fruitfly NR, HR96 is a
promiscuous endo/xeno-biotic NR and key regulator of cholesterol and
triacylglycerol homeostasis. We hypothesized that D. magna exposed
to HR96 activators will increase their lipid uptake and storage helping
develop a tolerance towards starvation or increase reproduction relative to
untreated animals or animals exposed to HR96 inverse agonists (inhibitors). Therefore, 1-day and 7-day old daphnids were exposed to atrazine
or linoleic acid (n-6 fatty acid) as HR96 activators, or triclosan or docosahexaenoic acid (DHA, n-3 fatty acid) as HR96 inhibitors for 4-days
and then starved to determine if exposure could alter allocation toward
survival or reproduction. One-day old daphnids exposed to DHA and
triclosan showed increased survival compared to atrazine and LA. DHA
also increased reproduction, while atrazine and LA (HR96 activators)
caused a 70% drop in survival following release of their first brood. In
7-day old daphnids, DHA increased reproduction at the expense of starvation survival. In contrast, triclosan, increased offspring survival but at
the expense of development as the daphnids appeared to be in a senescent
state. Because HR96 regulates key genes involved in lipid homeostasis,
we examined lipid profiles following treatment with the HR96 regulators. Lipidomic-analysis comparing adults and neonates showed that
untreated neonates have relatively more sphingomyelins (SM) and less
phosphatidylcholines than adults. DHA and triclosan significantly
increased SM levels, while altering development. In concordance with
lipidomic data, qPCR demonstrates that DHA down-regulated magro
(lipase) and Niemann-Pick 1b (NPC1b, sphingomyelinase); HR96regulated genes crucial in cholesterol and fatty acid homeostasis and
sphingosine production. This may increase SM and sphingosine (crucial
in development) altering reproduction and development as observed in
lifecycle studies. In contrast, HR96 activators atrazine and LA induced
NPC1b and magro as expected but without increased reproduction. In
Drosophila, HR96 regulates cholesterol homeostasis and based on our
results, we propose it also regulates SM production and in turn juvenile
development. To conclude, fatty acids and toxicants can cause sublethal
effects by altering the allocation and production of lipids.
579 Effects of drilling muds on the deep water sponge Geodia baretti
studied by metabolomics and metagenomics
T. Størseth, R. Netzer, SINTEF / Environmental Technology; T. Kutti,
J. Fang, Norwegian Inst for Marine Research; K. Edge, NSW Office of
Environment and Heritage; R. Bannister, Norwegian Inst for Marine
Research
Sponges are sensitive to suspended sediments, and generally respond by
decreasing pumping activity and increasing metabolic costs for maintenance, which leads to decreases in reproduction, size, abundance and
distribution of sponges. The oil industry releases more than 285 000
tons of drilling waste annually and has the potential to impact ecological important deep water species such as Geodia barretti. Understanding
these impacts is highly relevant for improving environmental risk
assessments. As part of a laboratory study where the effects of suspended sediments on Geodia barretti were studied at the individual,
cellular and molecular level; we present the metabolic and metagenomic

responses of Geodia barretti to natural sediments, as well as drill mud
constituents barite and bentonite and quantified. Initially, different
metabolite extraction protocols were tested, and the effects of sampling
different parts of the sponge were evaluated. Furthermore, the effects
of collecting and using sponges from different depths were also tested
for. Exposure experiments consisted of 12 hr, 14 day and 33 day cyclic
exposures, where the 33 day experiment had a 33 day recovery. After
exposure samples of the sponges were extracted in methanol/water to
study responses in the metabolome. This was done by nuclear magnetic resonance spectroscopy and by time of flight mass spectrometry.
Further, samples were subjected to metagenome analysis using 16S
rRNA gene amplicon sequencing on an Illumina MiSeq platform to
observe perturbations in the bacterial community. All the exposures had
effects on the whole sponge’s physiology, with shifts in pumping activity dependent on type and concentration of exposure. Analysis of the
metabolome showed little or no effects apart from high concentrations of
barite where a shift in the NMR observable metabolome was found. A
selection of samples was subjected to metagenome analysis where a major
part of the microbial community was represented by unclassified bacteria
(up to 57%). The community composition in control samples reveals
high abundance (typically around 20%) of anaerobic bacterial families
(Ectothiorhodospiraceae, Thermodesulfovibrionaceae,Thermoanaerobac
teraceae, Desulfovibrionaceae), interestingly also including thermophilic
bacteria. The relative abundance of these families in exposed samples was
elevated (typically >30%), indicating more anaerobic conditions.
580 Targeted metabolomics fingerprint responses in teleosts exposed
to contaminants in the lab and the field
B. Chandramouli, Axys Analytical Services, Ltd.; D.B. Simmons,
Environment Canada / Aquatic Contaminants Research Division Dept
of Biology; J.P. Sherry, Environment Canada / Water Science Technology
Directorate; J. Cosgrove, AXYS
Complex ecosystems like the Great Lakes Basin in Southern Ontario
receive a variety of contaminants including metals, pesticides, pharmaceuticals, personal care products and other endocrine disrupting
compounds from multiple sources. The sheer number and diversity of
chemicals makes monitoring of the exposome expensive and non-comprehensive. Metabolomics offers potentially significant improvement in
early detection of health/safety risks and support elucidation of biological
effects and modes of action attributable to contaminants. Effects-based
monitoring can, based on the measurement of multi-omic responses in
sensitive organisms, potentially identify sources more likely to cause
ecosystem harm and serve as early warnings of impaired environmental
systems. Study design, ranging from a single-component controlled lab
exposure, to field exposure to complex environmental samples is also an
important factor in assessing the power of ‘omics approaches to measure
change. Quantitative multiple reaction monitoring (MRM) methods,
generating metabolite concentrations, offer potential for use as sensitive
tools to connect exposures and effects. Goldfish in cages (N = 25 per site,
5 per cage) were exposed to surface water in Lake Ontario at a number
of different sites, ranging from a relatively “pristine” site, to one affected
significantly by wastewater treatment plant effluent. In a parallel multiomics study, rainbow trout (15 per dose, 5 per tank) were exposed to four
different concentrations of the flame retardant Tetrabromobisphenol
A bis(2,3-dibromopropyl ether) (TBBPA-DBPE) for three exposure
durations in the laboratory. Concentrations of a set of 217 metabolites
including amino acids and biogenic amines, ∑hexoses, fatty acids, bile
acids, acylcarnitines, sphingomyelins, and glycerophospholipids were
measured in plasma collected from the fish using a targeted and quantitative LC-MS/MS and FI-MS/MS platform. A suite of multivariate
statistical techniques were used to identify metabolites varying between
the different location/concentration groups and to correlate metabolite
changes with available water quality and contaminant concentration
data. Shotgun proteomics was performed and vitellogenin protein
expression was measured in the same samples. Preliminary metabolomics
data in goldfish samples show significant differences in a set of amino
acids, biogenic amines and phospholipids between animals exposed at
different sites.
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581 Using 1H NMR-based metabolomics to analyze Daphnia magna
responses after sub-lethal exposure to triclosan, carbamazepine and
ibuprofen
V. Kovacevic, Univ of Toronto Scarborough / Chemistry; M.J. Simpson, Univ
of Toronto Scarborough / Dept of Physical and Environmental Sciences
Pharmaceuticals and personal care products are a class of emerging
contaminants that are present in wastewater effluents, surface waters,
and ground waters around the world. There is a need to determine rapid
and reliable bioindicators of exposure of these contaminants to aquatic
organisms. 1H NMR-based metabolomics was used to measure the
response of Daphnia magna adults after exposure to a range of sub-lethal
concentrations of triclosan (6.25 – 100 µg/L), carbamazepine (1.75 – 14
mg/L) and ibuprofen (1.75 – 14 mg/L) for 48 hours. The amino acids
glutamine, glutamic acid, methionine, valine, and isoleucine emerged
as potential bioindicators for sub-lethal triclosan exposure. Tryptophan,
tyrosine, serine, glycine, glutamine, arginine and alanine are potential
bioindicators for sub-lethal carbamazepine exposure. The potential bioindicators for sub-lethal ibuprofen exposure are serine, lysine, asparagine,
arginine, methionine and leucine. Differences in metabolite changes are
related to the dissimilar modes of toxicity of triclosan, carbamazepine
and ibuprofen. Cross-validated partial least squares (PLS)-regression
models suggest that the metabolic profile of D. magna can be significantly correlated to triclosan, carbamazepine and ibuprofen exposure
concentrations. This correlation suggests that metabolomics is capable
of monitoring sub-lethal toxic responses over a range of concentrations
and for contaminants that have varying modes of toxicity. NMR-based
metabolomics has promise as a discovery tool for determining the metabolic changes and mode of toxicity of sub-lethal exposure to emerging
contaminants in aquatic ecosystems.
582 Using 1H NMR-based Metabolomics to Detect Biochemical
Changes in Daphnia magna in Response to Sub-Lethal Malathion,
Diazinon and Bisphenol A Exposures
E. Nagato, Univ of Toronto / Dept of Physical and Environmental
Sciences; M.J. Simpson, Univ of Toronto Scarborough / Dept of Physical and
Environmental Sciences
Current toxicity tests used by aquatic ecosystem monitors, such as the
48 hour acute toxicity and the 21 day reproduction tests, assess only
apical endpoints such as mortality and fecundity. Though popular and
simple to conduct, there is concern that these tests are insensitive and
do not provide much insight into toxic mechanisms of contaminant
stress, especially at sub-lethal concentrations. 1H nuclear magnetic
resonance (NMR)-based metabolomics shows promise as a sensitive,
high-throughput tool in environmental monitoring programs that is able
to provide insight into the mechanisms of sub-lethal toxicity. Using the
microcrustacean Daphnia magna as an indicator organism, an extraction procedure was first optimized using a 1.7 mm NMR microprobe to
maximize sample parsimony and spectral quality. Then the response of
D. magna to the organophosphates (OPs) malathion and diazinon and
the endocrine disruptor bisphenol-A over a short term (48 hour) exposure
was investigated using 1H NMR-based metabolomics. At levels below
reported LC50 values, there were clear perturbations in metabolite
content with both OPs. Changes in amino acids such as valine, isoleucine, lysine, arginine, glycine, glutamate, phenylalanine, tryptophan, as
well as glucose and lactate were observed. Overall, there was evidence
that D. magna initiated a hyperglycemic response, switched to anaerobic
forms of energy production and consumed amino acids as an energy
source. At the highest exposure concentrations D. magna slowed down
metabolic activity in an effort to mitigate OP stress. The magnitude of
these responses was related to the exposure concentrations. Bisphenol-A
exposures showed similar perturbations, with energy disruption being
the major indication of stress, though the pattern of exposure response
differed from OP exposure. This research has developed an efficient,
high-throughput method that can be used to monitor aquatic ecosystem
health as well as further the understanding of D. magna responses to
sub-lethal contaminant stress.
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Reverse Toxicokinetics in Aquatic Organisms
583 Applying PBTK and Compartmental Models for Reverse
Toxicokinetics: Interspecies Differences and Environmental
Influences
I.R. Schultz, Battelle Northwest Laboratories / Marine Science Laboratory;
K. Gillies, Pacific NW National Laboratory
The term reverse toxicokinetics (RT) has been used to describe the
process of estimating hypothetical environmental exposures necessary
to achieve a specific target organ concentration of adverse concern. For
many contaminants that lack animal test data, RT will need to rely on
QSAR, existing physiological data and in vitro based approaches to
estimate parameters used in toxicokinetic models. Two common types
of toxicokinetic models are physiologically based toxicokinetic (PBTK)
and compartmental models. In PBTK models, the body is divided into
specific tissue compartments or groups of organs which have similar
characteristics. For each tissue or tissue group, mass balanced differential
equations are written which incorporate known anatomical and physiological parameters such as tissue blood flows. Compartmental models
are simpler and usually depict the animal as consisting of one or two
well-stirred compartments. As a consequence, fewer parameters need
to be estimated. Both modeling approaches can readily incorporate
estimates of contaminant biotransformation. PBTK models are attractive
for RT because dosemitry to target organs can be specifically estimated
and scaled or adjusted for species differences by altering model parameters according to differences in known physiology. However, important
physiological parameters such as tissue blood flow rates, are known
for relatively few aquatic organisms, forcing some PBTK models to be
developed using a mix of species specific and non-specific parameters
that have been extrapolated from other species. Thus, the advantages of
PBTK models over compartmental models may be minimal for some
species. We have studied the toxicokinetics of several types of contaminants in fish using both PBTK and compartmental models with a focus
on characterizing allometric, interspecies and environmental (temperature, hypoxia) differences. Experimentally determined toxicokinetic
parameters were compared to oxygen consumption rates, total lipid
content, plasma protein binding and in-vitro biotransformation rates
obtained from liver homogenates or hepatocytes, to assess whether these
can be used to predict differences in the in-vivo determined parameters.
The strongest correlations were observed between uptake and oxygen
consumption and metabolic clearance and in-vitro biotransformation
estimates. Supported by EPA-STAR Grant R835167.
584 Reverse toxicokinetic models of fathead minnow (Pimephales
promelas) and zebrafish (Danio rerio) for in vitro to in vivo
extrapolation
M. Rowland, US ACE / Engineer Reserach and Development Center,
Environmental Lab; M.L. Mayo, US Army Engineer Research and
Development Center / Environmental Laboratory; K.B. Donohue, US
Army Corps of Engineers / Environmental Laboratory; M. Wilbanks,
US Army Engineer Research and Development Center / Environmental
Lab; K.H. Watanabe, Oregon Health & Science Univ / Environmental
and Biomolecular Systems; E.J. Perkins, US Army Engineer Research and
Development Center / Environmental Laboratory
In vitro assays that screen for the molecular initiating events in adverse
outcome pathways measure effects of chemical concentrations at the
cell or tissue levels. These in vitro effect concentrations can be related
to exposure concentrations by accounting for absorption, distribution,
metabolism and elimination (ADME) of the chemical within the body
of the organism. To date, few such reverse toxicokinetic models exist
for fathead minnow (Pimephales promelas) and zebrafish (Danio rerio).
To address this problem, we report on the development of mathematical models predictive of chemical concentrations at the tissue level in
fathead minnows and zebrafish. These models were first conceptualized and then constructed from knowledge of the mechanistic steps
involved in the transport of chemicals in these organisms, from aqueous
exposure to bioaccumulation in tissues. These models are data-driven,
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incorporating data from plasma chemical-binding protein experiments,
liver metabolism and clearance cell assays, and excretion-rate estimates.
To parameterize the models to specific toxicants, we estimated hepatic
clearance by first culturing and then exposing liver cells from fathead
minnow and zebrafish to the munition 2,4,6-trinitrotoluene (TNT)
and a model cytochrome p450 inhibitor, ketoconazole. In addition, we
evaluated their binding affinity to plasma proteins. We then mathematically inverted these toxicokinetic models to describe a situation wherein
tissue concentrations were approximated by the exposure concentrations
of an in vitro cell-assay, and the exposure conditions leading to these
concentrations are considered unknown, but can be predicted using this
reverse-toxicokinetic framework. Finally, we contrasted results from
these multi-compartment models with those obtained from a one compartment (whole-body) model. Our reverse toxicokinetic models not only
provide a theoretical framework for interpreting in vitro assay results,
but may also be used to identify stressors responsible for individual level
adverse wildlife outcomes.
585 Toxicokinetic modeling of contaminants in marine mammals:
Why reverse dosimetry is often inevitable
L. Weijs, Entox / Health and Behavioural Sciences; C. Gaus, National Res.
Centre for Environmental Toxicology / Public Health Dept; A. Covaci,
Univ of Antwerp, Toxicological Center / Toxicological Centre Dept of
Pharmaceutical Sciences; R. Blust, Univ of Antwerp / Dept of Biology
Reverse dosimetry is a well-known practice in the development of toxicokinetic models for marine mammals and can be used for two different
applications: 1) for estimating values of input parameters in case there
is a lack of such information, and 2) for predicting the dose that would
elicit a certain toxic effect in the animal. The first is often beneficial when
developing toxicokinetic models for wildlife. Due to their protected and
even endangered status, the acquisition of suitable tissue samples for
marine mammals is often logistically not feasible and the availability of
biological information on these animals is usually scarce. In toxicokinetic
modeling, a correct model input or dose is key to getting robust model
predictions. However, such input requires data on what the daily consumption, on what prey species the animals eat as well as the degree of
contamination in the prey, which is difficult to find for species with large
home ranges and unknown population structures. Such information is
only available for some (populations of) marine mammal species. For the
remaining populations, reverse dosimetry can provide a better estimation
of a potentially realistic dose. This first application is independent of any
toxic threshold levels and is basically only meant to better fit the model
predictions to the available datasets of contaminant levels in marine
mammal tissues. The second application, however, depends on toxicity
thresholds and predicts the levels that would be needed to cause a certain
toxic effect within a given time frame. It is this application that can predict into the future, thereby making modeling efforts worthwhile for risk
assessment purposes. From this perspective, for example, 2051 was found
to be the year at which the level of PCB 153 in male harbour porpoises
would be below toxicity thresholds based on current levels collated from
the literature. It is with reverse dosimetry that toxicokinetic models can
go further than the more traditional biomonitoring studies in marine
mammals, and combine exposure with effects in these animals thereby
increasing the usefulness of these models in environmental legislation
and species conservation.
586 Applying models to quantitatively link in vitro bioassay results
with chemical exposures to aquatic organisms
J.A. Arnot, ARC Arnot Research & Consulting / Dept of Physical
Environmental Science; J.M. Armitage, Univ of Toronto - Scarborough
/ Physical and Environmental Sciences; M.R. Embry, ILSI Health and
Environmental Sciences Inst (HESI); T. Gouin, Unilever / Safety and
Environmental Assurance Centre; D. Mackay, Trent Univ
There is a paucity of measured toxicity data compared to the large
number of chemicals and endpoints required for chemical hazard
assessment. Emerging alternative test methods are being developed and
evaluated to reduce and eliminate unnecessary animal testing. Adverse
outcome pathways integrate information relating to molecular initiating

events through a series of responses and adaptations at different levels
of biological organization including apical endpoints at the organism
level. High throughput in vitro cell- or biochemical-based tests are
producing chemical specific data for a range of “outcomes” at the cellular
and molecular level. Reverse toxicokinetic (rTK) models for humans
have been used to estimate steady-state blood concentrations and oral
equivalent doses (OEDs) corresponding to the in vitro bioassay response
by including estimates of relevant toxicokinetic parameters such as
biotransformation rates. In vitro mass balance models have been used
to estimate the dissolved chemical concentration (and chemical activity)
corresponding to the in vitro assay response from the assumed nominal
(administered, unmeasured) chemical concentration. We present a mass
balance modeling method that quantitatively links in vitro bioassay
results with external exposure concentrations for a fish. We first use a
mass balance model for the in vitro bioassay to estimate the dissolved
concentration (and chemical activity) corresponding with the bioassay
response. We then use a 1-compartment toxicokinetic model, including
estimated rates of biotransformation, to estimate the steady-state fish
concentration and then the aggregate intake rate from environmental
exposure concentrations corresponding to the internal concentrations
(and chemical activities). The method is applied and illustrated for select
case study chemicals. The evolution and extension of this approach using
other models is also discussed.
587 PBTK Modeling Helps Prediction of Fish Growth From Cell
Line Experiments
J. Stadnicka-Michalak, EPFL - Swiss Federal Inst of Technology; A.
Zupanic, Eawag Swiss Federal Inst of Aquatic Science and Technology /
Environmental Toxicology; R. Ashauer, Univ of York / Environment; K.
Schirmer, Eawag / Environmental Toxicology
Environmental risk assessment of chemicals is essential but often relies
on ethically controversial and expensive animal based methods. We
show that a combination of mathematical modeling and cell culture tests
can replace tests with juvenile fish for determining fish growth retardation. We base our method on the assumption that the same chemical
concentration in fish internal organs and in cells in culture would cause
the same changes in cell growth and survival. Based on known external
chemical concentrations we use a fish physiologically-based toxicokinetic
(PBTK) model to determine the internal chemical concentration in fish.
Then we use a cell culture TK model to determine chemical concentrations in cell culture medium that would lead to intracellular chemical
concentrations corresponding to the internal organ concentration. We
measure cell proliferation and survival of the cell populations in culture
to inform two further mathematical models: a GUTS-SD survival model
and a von Bertalanffy growth model, the latter of which we then use to
predict growth in juvenile fish. We show that the model based predictions agree well with data obtained with a Fish Early Life Stage (FELS)
test in a typical industrial setup for two pesticides: propiconazole and
cyproconazole. We expect that the approach is also valid for a wide range
of other chemicals that require toxicological testing but a concerted
action is needed to confirm this hypothesis.
588 Development of screening level hazard thresholds using in vitro
to in vivo extrapolation of zebrafish embryo transcriptional points of
departure
E.J. Perkins, M. Wilbanks, K.A. Gust, J.K. Stanley, M.L. Mayo, US Army
Engineer Research and Development Center / Environmental Laboratory;
K.H. Watanabe, Oregon Health & Science Univ / Environmental and
Biomolecular Systems; L. Burgoon, US Army Engineer Research and
Development Center / Environmental Laboratory; N. Vinas, Mississippi
State University / Environmental Laboratory
In vitro and non-regulated animal assays are increasingly being used to
assess the potential hazards of new materials. These approaches provide
information on the amount of chemical at the assay level that is needed
to cause a biological effect. However, the amount of chemical that an
animal is exposed to can be different from the amount available to cause
effects at a tissue or molecular level due to metabolism and other physiological processes. In vitro to in vivo extrapolation (IVIVE) approaches
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enable the prediction of exposure concentration needed to cause chemical
concentrations at the tissue or assay levels and, as a result, levels below
which no impact would be expected. Here, we present a framework
where IVIVE can be applied in a screening-level context to develop
threshold hazard levels in different fish species and how this may relate
to human threshold levels. A chemical is first assessed by exposure of
zebrafish embryos to five different concentrations of a chemical. Potential
molecular initiating events, toxicity pathways, and adverse outcome
pathways (AOPs) are identified based on effects observed at the morphological, behavioral, and transcriptional levels. Concentration-dependent
changes in gene expression related to AOPs are then used to identify a
transcriptional point of departure where a pathway is first significantly
different from controls. A reverse toxicokinetic model for zebrafish adults
is then used to calculate a transcriptional, pathway-based benchmark
concentration below which no observed effect are expected in adult
fish. We expect this framework to provide more accurate hazard-level
screening, and enable the reduction and refinement of in vivo safety tests
required for new chemical development, which will ultimately result in
significant savings in money and time.
589 Incorporating Modeling and Visualization Tools to Assess
Environmental Exposures and Fish Toxicokinetics following
Deepwater Horizon Spill
C. Strope, The Hamner Insts / Inst of Chemical Safety Science; B.A. Wetmore,
The Hamner Insts for Health Sciences / Inst for Chemical Safety Sciences
Widespread concern over aquatic exposures to polycyclic aromatic
hydrocarbons (PAHs) has provided a broad yet disparate dataset assessing exposures to fish. Whereas early reports concluded PAH levels
resident in the northern red snapper (Lutjanus campechanus) were below
the level of concern, more recent studies have indicated that they are
above USEPA-defined toxicity thresholds. Alternately, other studies
have reported levels below thresholds but involve much longer exposures
). Additional studies offer conflicting data on PAH partitioning into
different matrices (e.g., water, sediment) that will also affect aquatic
exposures Given that external exposures will dictate internal tissue
concentrations, tools designed to model different exposure scenarios and
resultant effects on chemical toxicokinetics will prove useful in environmental assessments. NOAA and USEPA sampling data were collated to
capture environmental concentrations of a subset of PAHs (e.g., naphthalene, anthracene, , pyrene, and benzo[a]pyrene) in the air, vegetation,
ocean, and sediment after the Deepwater Horizon spill. Concentrationdata were collected pre-spill and at four times post-spill (i.e., early,
mid, late, and 3+year post). At each of these time points, we run a
physiologically-based toxicokinetic (PBTK) model on the red snapper to
assess the impact of time- and matrix-dependent differences in exposure on the predicted internal fish tissue concentrations. . Finally, we
compare the internal concentrations derived from the PBTK model to in
vitro ToxCast concentrations on a subset of PAHs to determine whether
modeled fish concentrations surpass ToxCast AC50 concentrations, used
as a surrogate for an internal concentration that elicits bioactivity. This
tool provides a visualization of geographically anchored PAH chemical
concentrations plotted over time using GIS location and Google Map.
To visualize the environmental concentrations and fish internal concentrations over time, we modified the PBTK exposures based on the
revelant PAH concentration maps. The environmental media (vegetation, sediment, air, and ocean water) concentrations are displayed on a
generic landscape model, and PAH distribution and concentrations in
the different organ tissues of the red snapper are displayed on a model
fish. This study demonstrates the utility of a visualization approach that
communicates the effect that changes in exposure may have on aquatic
toxicokinetics.
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Ecotoxicity Technical Advisory Panel:
Honoring 20 Years of Scientific Contributions
to Metals Risk Assessment
590 Ecotoxicity Technical Advisory Panel - Purpose and
Development
E.J. Dorward-King, Newmont Mining Corporation / Sustainability and
External Relations
This presentation will describe the creation of the metals’ industry
Ecotoxicity Technical Advisory Panel (ETAP), beginning with the
state of metals risk assessment in the mid-1990s and the rationale and
motivation for the creation of the panel. The development of the terms
of reference for ETAP, and lessons that were learned with regard to
ensuring that the deliberations and products of the panel had maximum
credibility and impact will be shared. The evolution of ETAP provides a
useful roadmap for the development of other scientific advisory panels.
Examples will be provided of initiatives which contributed to meaningful, science based solutions to environmental problems and to advancing
the risk assessment of metals in the environment.
591 Scientific advances in aquatic metal ecotoxicology
R. Blust, Univ of Antwerp / Dept of Biology
The risk assessment of metals requires ecologically relevant environmental quality standards and monitoring instruments based upon a
fundamental understanding of the processes controlling metal bioavailability, accumulation and toxicity. This is challenging given that
environments differ in their physical and chemical characteristics and
many different organisms coexist and form complex networks. The
research developed over the years by the Ecotoxicology Technical
Advisory Panel has increased our understanding of the different processes manifested across levels of organization with direct applications
for risk assessment. Metal exposure involves different steps of which the
first are the partitioning and speciation of the metals in the environment.
Metal uptake and accumulation by organisms occurs via different routes
and may result in different internal metal loadings and toxicological
outcomes. Differences in water characteristics such as pH, hardness and
temperature have profound effects on metal bioavailability and toxicity. In part these effects can be explained by changes in the chemical
speciation of the metals, but effects on the molecular physiology of the
organisms are equally important. Metal toxicity develops when a certain
internal threshold concentration is reached and one or more essential
processes are disturbed or damaged. The differences in structural and
functional organization among aquatic organisms results in large differences in metal sensitivity spanning orders of magnitude. The species
sensitivity distribution approach describes this variation and allows to set
overall toxicological thresholds. Understanding the processes underlying the observed variation in sensitivity allows normalization and read
across among species and environments. In this way informed environmental quality standards for different metals have been developed and
implemented for freshwater and marine systems. Although considerable
progress has been made and the risk assessment of metals has largely
improved and become more site specific, a number of challenges remain.
In the real world metal exposure generally involves mixtures of metals
and other stressors. Recent work has shown that these interactions can
be complex and of an antagonistic or synergistic nature. At this stage
we only have a marginal understanding of this complexity, but given the
expertise and instruments developed fast progress is expected in this
important domain in the near future.
592 Scientific advances in sediment metal ecotoxicology
G. Burton, Univ of Michigan / School of Natural Resources Environment
During the past several years a large body of research has been developed
and conducted by the Ecotoxicology Technical Advisory Panel (ETAP)
regarding the risk of metals in sediments, surface waters and soils. This
research was in response to the European Union’s Water Framework
Directive and REACH. The primary goal of the research has been
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to better understand the factors that control metal bioavailability and
subsequent ecological risk so that metal exposures can be more accurately
evaluated. For sediments, this research primarily focused on evaluations
of the toxicity of copper, nickel and zinc in freshwater systems, both laboratory and field with a wide range of experimental designs that utilized
several surrogates for the benthic macroinvertebrate community and
in-situ colonization studies. During these experiments a wide range of
variables were assessed for their role in controlling metal bioavailability
such as acid volatile sulfides (AVS), total and dissolved organic carbon,
iron hydroxides and oxyhydroxides, sediment and clay type, metal spiking and exposure methods, pH, and ecosystem type. In order to better
utilize these data they were placed into an ecological risk assessment
context considering probable exposure concentrations (PECs), probable
no effect concentrations (PNECs) in the context of reasonable worst-case
scenarios. The results of these efforts have been an increased understanding of when metals are likely be cause adverse effects and in which types
of environments. For freshwater depositional sediments where metal
accumulate, AVS, organic carbon and iron hydroxides strongly control
bioavailability and can be used to predict when adverse effects may
occur. The remaining sediment challenges needing resolution include a
better understanding of the risk of stressor mixtures and role of biofilms,
suspended sediments and stormwaters where exposures vary spatially and
temporally and commonly occur in human-dominated systems.
593 Scientific advances in soil metal ecotoxicology
M. McLaughlin, Univ of Adelaide and CSIRO Land and Water Flagship
Over the last 20 years, the Ecotoxicity Technical Advisory Panel
(ETAP) has been extremely active in initiating and sponsoring research
on new methods to examine ecotoxicity and risk assessment of metals
and metalloids in soils. The advances include the development of new
spectroscopic and isotopic techniques to examine metal dispersion and
behavior in soils, new approaches to study the ecotoxicity of metals in
soils, issues related to background concentrations and adaptation and
finally the integration of knowledge to produce new risk assessment
paradigms. The research has had a major impact on the assessment
and regulation of metal use in Europe, China and Australia and has
improved the assessment and management of soil contamination by
metals. By identifying some of the key issues related to risk assessment
of metal and metalloid contamination in soils, the research commenced
through ETAP has also stimulated others to investigate these issues and
has therefore played a major role in shaping the advancement of science
in this area. This presentation will discuss some of the key findings of
ETAP-associated research in soil metals risk assessment over the last
20 years and outline how this has advanced our understanding of metal/
metalloid behavior in soils and risk assessments for metals/metalloids.
594 The role of chemical speciation in the risk assessment of metals
P. Campbell, Université du Québec, INRS / INRS Eau Terre
Environnement
Environmental risk assessment originally focused on persistent organic
pollutants (POPs), for which persistence, bioaccumulation and toxicity
proved to be useful properties to classify and rank individual compounds. However, when this P-B-T framework was applied to metals,
it was immediately evident (at least to chemists!) that this approach
was unworkable. Some of the problems with trying to lump POPs and
metals in the same basket are obvious. For example, unlike organic
contaminants, metals are not subject to degradation and accordingly
the persistence criterion cannot be used for ranking purposes. Similarly,
Bioconcentration Factors or BCFs can be used meaningfully to rank
organic chemicals and predict their tendency to bioaccumulate and
biomagnify along food chains, but metal BCFs are not “constants” but
rather vary inversely as a function of the metal concentration in the exposure medium. In addition to these obvious differences between POPs
and metals, there are also some more subtle differences in how they
behave in the receiving environment and how they interact with living
surfaces. For metals, there is an extensive database dating back 30+ years
that documents how the speciation of a metal can affect its bioavailability
and toxicity (speciation = a metal’s distribution among various chemical

forms differing in oxidation state and/or complex or molecular structure).
Metal speciation in solution is dynamic, not constant, and is influenced
by such factors as the pH, salinity, temperature as well as by the nature
and concentration of the metal-binding ligands present. It is important
to realize that when a metal is mobilized from the geosphere and enters
an aqueous solution, its speciation will normally be determined by its
new environment, not its source. In addition, if the environmental conditions change, the metal’s speciation will also change, i.e., changes in
metal speciation tend to be reversible. This situation is very different from
that for organic pollutants, which are subject to various degradation processes, both abiotic (hydrolysis, photolysis) and biotic (biodegradation);
the degradation processes generally involve changes in covalent bonding
and are normally irreversible, leading from the parent compound to various daughter molecules. This presentation will highlight how awareness
of chemical speciation and the means with which to determine speciation
have changed how now we approach metals risk assessment.
595 Evolution of Bioavailability-Based Risk Assessment: How Was It
Done and Why Was It Successful?
D.M. Di Toro, Univ of Delaware / Civil and Environmental Engineering
The formulation, presentation, testing, and acceptance of a new regulatory paradigm are fraught with difficulties. Formulation requires that a
balance be struck between the complexity of the phenomena underlying the issue, and the practical requirements of producing a workable
result. Since the framework is usually a new approach, the presentation
to the affected groups must be comprehensive, yet understandable. The
extent, quality, and idealizations that will be employed in the testing
phase need to be negotiated among the parties. The inevitable challenges from competing approaches need to be considered and responses
prepared. If successful, these steps will lead to an acceptance of the new
regulatory paradigm. Two examples that have created bioavailabilitybased approaches for assessing risks of metals in the environment will
be discussed to illustrate the steps: the sediment SEM-AVS the aquatic
life BLM approaches. In particular the critical features – those involving judgements outside of normal scientific and engineering issues – will
be discussed as an aid to those that are developing new regulatory
paradigms.
596 Ecotox Technical Advisory Panel (ETAP) Impact of Twenty Years
of Research on Chemical Management Frameworks
W.J. Adams, Rio Tinto / Legacy Management
The ETAP Panel was formed in 1995 to provide advice to the metals
industry in regards to freshwater and marine aquatic toxicity issues. In
the mid 1990s there were many emerging issues related to environmental risk assessments and classification and labeling of metal substances.
Procedures for aquatic hazard identification of organic and inorganic
substances were being harmonized by the OECD for the purpose of
classifying market-place substances. One common theme in each of
these systems was the use of toxicity, persistence and bioaccumulation
(PBT) measurements to estimate aquatic hazard. This approach does not
work well for metals. It was not widely recognized that special attention
must be given to metal elements and sparingly soluble metal-containing
compounds and that tests performed with soluble metal salts do not
accommodate the special characteristics of sparingly soluble metals and
metal compounds. Bioavailability models, like the biotic ligand model
were emerging but not common. In 1995 the metals industry had limited
metal scientists on staff and ETAP provided a means to obtaining
information and advice on what research to support. Topics including
the following were reviewed the by the Panel and guidance provided to
Industry: importance of dietary exposure, dissolved organic carbon and
acid volatile measurement field measurements, microcosm assessment,
criteria for acceptance of toxicity values, development of toxicity data
bases, guidance on sue of species sensitivity distributions, ecotox reference values, transformation dissolution, metal removal from the water
column, soil bioavailability models, speciation, sediment toxicity, and
toxicity of metal mixtures. ETAP recommendations have shaped the science and the way industry has undertaken its research programs.
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597 Future challenges in metals risk assessment: Building upon the
current state of the science
E.R. Garman, NiPERA; E.J. Van Genderen, International Zinc Association
The environmental risk assessment of metals has significantly evolved
over the last 20 years with the advancement of several methodological
techniques for characterizing their fate and effects. The need for new
methods to address the specificities of metals (background concentrations, essentiality, and bioavailability) became evident due to the fact
that risk assessment approaches were originally developed based on
the characteristics and behavior of organic compounds. As a result, the
Ecotoxicity Technical Advisory Panel (ETAP) was developed by a coalition of metal research associations as a forum to engage leading experts
on the design and technical basis of environmental risk assessment
methodology for metals. In doing so, the collaboration between the metals research community and ETAP has led to the development of tools
and approaches for metals risk assessment that have been recognized
and implemented on an international scale. Examples of how ETAP has
improved our understanding and application of metals risk assessment
include: 1) metal speciation has been addressed with the development
of novel analytical tools and thermodynamic computational approaches,
2) physiological mechanisms of toxicity are now being investigated at
molecular levels of organization, 3) bioavailability-based models for
normalizing effects data (aquatic, terrestrial and benthic) are now available for more than a dozen metals, and 4) risk assessment protocols have
implemented these approaches across various international jurisdictions.
However, as chemical management policies continue to evolve so too
must the science of metals risk assessment. As such, several challenges
remain to be addressed, related to the application of laboratory-based
effects data for single metals to impacted natural systems. Specifically,
can current risk assessment approaches be applied to mixtures and
expanded to include community-level effects? Can correspondence
between laboratory and field effects in sediments and soils be inferred
through a mechanistic understanding of ageing processes? Can refined
metals risk assessment approaches from Europe and North America be
confidently migrated to regions with different ecological communities
and geochemistries? Sound scientific consideration will be required to
address these remaining questions, along with many more that have not
been realized, and ETAP is appropriately positioned to assist the metals
industry into the future.

Current and Emerging Tools and Approaches
for Ecosystem-Focused Chemical
Assessments Involving Data Gaps
598 Consumer Product Chemical Ingredient Assessment “Eco-Gap”:
Regrettable Examples and Improvement Opportunities
K. Moran, TDC Environmental, LLC
Consumer product manufacturers increasingly implement chemical
ingredient environmental health screening in response to customer
demand, government regulation, and corporate risk reduction programs.
Both formal chemical screening protocols, sometimes in the form of
Alternatives Assessments or Risk Assessments, and informal reviews
typically focus on human health evaluations, giving lower priority to
the non-human environment. Product design decisions and regulatory
programs have, often in the name of human health protection, unintentionally created environmental impacts, harming aquatic life, plants,
insects, and birds. A review of product examples (such as vehicle brake
pads, urban structural insecticides, broadleaf weed controls, and cooling water additives) reveals that this gap stems from two fundamental
oversights: unfamiliarity with exposure pathways, and not characterizing
ecosystem hazards. Among the first to seek tools toward filling these
gaps, pesticides regulatory programs have started to develop practical
tools relying on measured but limited data sets. These and more advanced
predictive tools have a critical role to play in ending the “eco-gap” in
product design.
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599 Managing Uncertainty in Regulatory Alternatives Analysis
T. Malloy, UCLA School of Law / Law; V. Zaunbrecher, UCLA Sustainable
Technology and Policy Program / Law
The project develops, applies and evaluates several approaches for dealing with knowledge and value uncertainty in the context of a simulated
regulatory alternatives analysis of copper-based anti-foul marine paint
and set of alternative paints. Knowledge uncertainty refers to complete
or partial lack of information regarding an input to the alternatives
analysis. The input may be data regarding an alternative’s performance
on one or more criteria, such as ecological effects, potential exposure, or
economic impact. Value uncertainty refers to lack of information about
the strength of the decision maker’s preferences, i.e., the relative importance the decision-maker places upon the various criteria. Researchers
and regulators have generated a significant amount of data regarding
the environmental, technical and economic performance of potential
alternatives. This data, as well as data included in regulatory submissions for various paints under federal and state programs for registration
of pesticides and GreenScreen® analyses prepared for the Washington
Dept of Ecology, provides a rich background for regulatory alternatives
analysis. The case also provides several examples of uncertain data and of
data gaps for ecological and human health criteria. Likewise, it involves a
number of thorny trade-offs. The presentation will compare and evaluate
three approaches for dealing with uncertainty: heuristics/decision rules,
sensitivity analysis, and probabilistic multi-criteria decision analysis.
600 ECOSAR Version 2.0. Update and Redesign of USEPA Office of
Pollution Prevention and Toxics Aquatic Toxicity Expert System
J.L. Tunkel, SRC, Inc. / Environmental Health Analysis; L. Cassidy, SRC
Inc / Environmenal Health Analysis; K. Moran, USEPA / OCSPP OPPT
RAD; K.E. Mayo-Bean, USEPA / OPPT
Under the Toxic Substances Control Act, the Office of Pollution
Prevention and Toxics (OPPT) regulates both new and existing industrial chemicals. For new chemicals, OPPT makes a regulatory decision
on each chemical, often with limited information on the specific chemical or chemical class. Given the large number of chemicals submitted
each year and the fact that ~65 percent of them are submitted with
limited data, OPPT relies on computational tools to predict over 150
attributes in order to make rapid decisions regarding hazards and risks
of these materials. One of the tools used by USEPA for over 25 years
to predict ecotoxicity attributes for the assessment of new chemical
substances is the Ecological Structure Activity Relationship (ECOSAR)
program. ECOSAR contains a library of class-based QSARs for predicting aquatic toxicity overlaid with expert decision logic for selecting
the chemical class and initiating correction factors and expert rules, as
appropriate. A new Java-based, object-oriented version of ECOSAR has
been developed and its features will be the focus of this presentation. In
addition to updated expert rules for over 40 organics classes with excess
toxicity, Version 2 contains new algorithms for surfactants, dyes, and
polymers based on information and knowledge gained from the new
chemicals program in OPPT. The QSARs are for acute and chronic
toxicity endpoints for fish, aquatic invertebrates, and algae (surrogate
species used in standard USEPA new chemicals program aquatic toxicity
profiles) along with limited QSARs for other salt water and terrestrial
species, where data were available. ECOSAR’s redesigned graphical use
interface simplifies the process and increases the transparency of obtaining aquatic toxicity estimates to fill data gaps for identifying ecosystem
hazards. Upgraded tools have also been incorporated for advanced users.
The views expressed in this abstract are those of the authors and do not
represent Agency policy or endorsement.
601 An Iterative and Multidisciplinary Framework for Determining
Read-Across Chemical Surrogates
J. Rice, Gradient / Chemistry; H.C. Ritter, Gradient Corporation /
Environmental Chemistry; J. Kneeland, J. Zhang, C. Butler, A.E. Noble,
Gradient
As part of an effort to update safety data sheets and register new
industrial chemicals globally, we have identified and critically analyzed
chemical-specific toxicological data for a comprehensive portfolio of
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chemicals. Many of these substances have no readily available toxicity data, necessitating a new technique: “read-across” or “surrogate”
identification. The read-across approach involves identifying appropriate
chemical surrogates that can be considered structurally and toxicologically similar to a chemical of interest (COI) and for which there are
robust toxicological data that can be used to inform the COI’s hazard
profile. Based on this approach, we have developed an iterative, multidisciplinary framework for consistently and reproducibly identifying
targeted and justifiable surrogates in the absence of chemical-specific
data for COIs. Applying chemical expertise and documenting rationale within this framework is particularly important when choosing
surrogates for complex chemicals, such as those of unknown or variable composition, complex reaction products, and biological materials
(UVCBs). Identifying and evaluating chemical surrogates always
involves preserving COI reactive functional groups, considering
structural alerts and bioavailability, and using an internally developed
database of chemical groupings to validate or challenge potential hazard
profiles. The use of chemical grouping and structure activity relationships
(SARs) to evaluate chemical hazard profiles is well established; with
a large portfolio of chemicals to assess, the systematic use of chemical
groupings additionally streamlines surrogate selection and ensures consistency within the portfolio. Our read-across framework, used to review
nearly 300 COIs to date, is dependent on regular communication and
knowledge sharing between toxicologists and chemists. The framework
includes quality assurance protocols and requires that users compare
toxicity data for multiple surrogates to ensure that they are concordant.
Ultimately, correctly applying the read-across approach guarantees
that chemicals are used more safely, minimizes analytical costs and
dependence on animal testing, and assists compliance with hazard communication frameworks such as the Globally Harmonized System for
Classification and Labeling of Chemicals (GHS).
602 Screening Assessment of Relative Hazard to Fish from Emerging
Contaminants in the Great Lakes Basin
D. Gefell; J.A. Banda, US Fish and Wildlife Service; S. Choy, USFWS /
Ecological Services; Z. Jorgenson, US Fish and Wildlife / Environmental
Contaminants; J. Moore, US Fish and Wildlife Service / Interior; A. Roe, US
Fish and Wildlife Service; A. Secord, New York Field Office; W. Tucker, US
Fish and Wildlife Service
A screening ecological hazard assessment (EHA) was conducted to
evaluate relative hazard in fish populations from exposure to a suite of
contaminants of emerging concern (CECs). From 2010-2014, US Fish
and Wildlife Service offices, together with the US Geological Survey
and other partners, coordinated to sample sediment, water, and resident
fish. Project locations were distributed across 24 rivers in the U.S. Great
Lakes basin, with multiple sample sites within each river. Sediment
and water samples were analyzed for a suite of over 150 chemicals. Fish
were evaluated for a suite of morphometric and physiologic endpoints.
This EHA could augment biological effects information generated in
the resident fish health investigation. The EHA’s toxicity assessment is
based on an ecotoxicological database that was compiled for this study
from peer-reviewed literature. A set of ecotoxicity screening values (SVs)
was derived for CECs that were most often detected in the water and
sediment samples from the 2010-2014 assessment. Using effects data
in numerous fish species from the ecotoxicological database, SVs were
derived from exposure-effects relationships as described for a variety of
non-cancer endpoints. The SVs identify water concentration thresholds
that bound our expectations about adverse effects in fish. Site-specific
hazard was characterized by comparing toxicity SVs against measured
water concentrations. Sampling sites and individual CECs were ranked
for relative hazard, based on summed hazard scores. The development of
these SVs will provide assistance for resource and waste management.

603 Filling ecotoxicity data gaps to define safer chemicals: EPA Safer
Choice/DfE Experience
E.T. Lavoie, USEPA / Office of Pollution Prevention and Toxics; K. Moran,
USEPA / OCSPPOPPTRAD; J.G. Suski, USEPA / Safer Choice Program;
M. Kawa, L. Morlacci, J. Rhoades, J.L. Tunkel, SRC, Inc. / Environmental
Health Analysis
The USEPA Design for the Environment and Safer Choice programs
use predictive approaches to fill data gaps. These screening approaches
can be used to 1) identify chemicals that may be safer alternatives and
2) target testing approaches to focus on key uncertainties in a chemical’s hazard profile. Key projects evaluating solvents, surfactants, and
flame retardants have successfully employed a combination of screening
approaches to evaluate ecotoxicity: requiring data, assessing analogs or
making conservative estimates. Several cases illustrate these approaches.
For example, several soybean-based solvents were identified as potentially
safer solvents because of their favorable human health profiles for use in
degreasing and graffiti removal. QSAR estimates for one soybean-based
solvent however, predicted high chronic aquatic toxicity. Subsequent
testing revealed the solvent to be more soluble than predicted, validating
aquatic toxicity concerns. For surfactants, test data or reliable analog data
are required to assess aquatic toxicity and biodegradation rate, which are
typically considered the key differentiating endpoints (moderate toxicity
mitigated by rapid biodegradation) used to equitably evaluate surfactants
against DfE safer chemical criteria. In another example, the inorganic
flame retardant aluminum hydroxide lacked quantitative aquatic toxicity
data. As for many metals, aluminum salts have potential aquatic toxicity.
Lacking data, AlOH3 was conservatively estimated to have moderate toxicity to aquatic organisms. A supplier invested in experiments and found
low toxicity resulting in a change in hazard profile. Additional approaches
for filling data gaps may be useful to consider, including evaluating other
models and evaluating high through-put data. Including personal care
products in the Safer Choice program will present additional examples
of data-poor chemicals requiring evaluation using a combination of
approaches. Since generation of test data can be a financial and an ethical
burden, the importance of exploring the most valid approaches used to
fill data gaps from past chemical alternatives assessments will benefit
the identification of safer alternatives in future assessments. The views
expressed in this abstract are those of the authors and do not represent US
Environmental Protection Agency policy or endorsement.
604 Life Cycle Management and Toxicity Assessment: Apples and
Oranges; or Two Sides of the Same Coin?
L.G. Heine, Lauren Heine Group; M. Goedkoop, PRe Consulting
Assessing toxicity impacts over the life cycle is far from a trivial task.
For many companies, there are two dominant approaches. The life cycle
assessment (LCA) perspective strives to answer the question, “How can
we assess the toxic impacts that occur during the production, use, and
disposal of a product?” Typically, these impacts are based on emissions.
The Chemical Hazard or “Toxic Content (TC)” perspective strives to
answer the questions, “How can we assure the product is safe for the
user? What is the toxic content of the product? What toxic substances
might be formed during use or at the end of the product’s life? Who is
exposed and what hazards and risks might be of concern to individuals
and vulnerable populations, including non human species?” Although
related, these two approaches have sometimes generated results that set
up untenable tradeoffs between dominant life cycle impacts and toxicity concerns. In this session we describe results from interviews with
industry leaders with strong sustainability initiatives who use both life
cycle and toxic content assessment tools to improve the sustainability of
products. We present their perspectives on needs and the challenges they
face. From the LCA perspective, users typically assess the fate, exposure and intrinsic toxicity, and assume that ‘Less is better’ – there are no
limit values. From the Toxic Content perspective, the primary interest is
typically to understand the inherent toxicity of chemicals and materials
and a limit value may be applied to avoid using chemicals of concern.
An exposure correction can be applied as recommended by the alternatives assessment framework published by the US National Academy of
Sciences. Ironically, chemical impacts identified in life cycle assessment
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are those that come from chemicals that are emitted across the life
cycle. These may not be the same chemicals of concern identified in
products, i.e., chemicals that are not emitted. In this session we explore
opportunities to share chemical and material input and output data from
unit processes and product life cycle stages for use in both life cycle
assessment and toxicity assessment. We also explore the opportunity to
enhance the comprehensiveness and quality of toxicity data associated
with chemicals and materials across the life cycle.

The Continuing Evolution of Sediment
Toxicity Methods and Data Interpretation
605 Refining methods for conducting long-term sediment and water
toxicity tests with Chironomus dilutus: Formation of a Midge Chronic
Testing Work Group
C.G. Ingersoll, USGS / Columbia Environmental Research Center; D.R.
Mount, USEPA / ORD NHEERL Mid-Continent Ecology Division
Standard methods have been established by USEPA, ASTM
International, Environment Canada and Organization for Economic
Cooperation and Development for conducting sediment toxicity tests
with various species of midges including Chironomus dilutus. Short-term
10-day exposures are typically started with second to third instar larvae
(e.g., about 7- to 10-day old) measuring effects on survival, weight, and
biomass. Long-term ~50-day exposures are typically started with first
instar larvae (e.g., < 1- to < 2-day old) measuring effects on larval survival, weight, biomass and adult emergence and reproduction including
hatching of offspring. Laboratories routinely meet test acceptability criteria (TAC) for short-term exposures (e.g., 10-day control larval survival
>70% and ash-free-dry weight >0.48 mg/individual). However, laboratories report difficulty meeting TACs for long-term exposures (e.g., 20-day
control larval survival >70% or adult emergence >50%). Based on the
success of a Hyalella azteca (Amphipod) Testing Work Group started in
2010, a Midge Chronic Testing Work Group (MCTWG) was started in
2015 with representatives from 9 laboratories experienced with conducting long-term midge exposures (USGS Columbia MO; USEPA Duluth
MN; USACE Vicksburg MS; Smithers Vincent Warehem MA; Wildlife
International Easton MD; Nautilus Environmental Burnaby BC; UC
Davis CA; Syngenta Raleigh NC; University Guelph Ontario). Topics
being addressed by the MCTWG include: (1) Starting age of test organisms (e.g., improved performance starting toxicity tests with 3- to 4-day
old larvae rather than starting with < 2-day old larvae); (2) Primary
toxicity endpoints (e.g., identify a subset of chronic endpoints most
responsive to toxicants); (3) Feeding (e.g., ramped ration during exposure); (4) Starting age for 10-day testing (e.g., perhaps starting with 3- to
4-day old larvae); (5) Replication of reproductive endpoints (e.g., reduced
number of replicates or auxiliary male beakers); and, (6) Inter-laboratory
testing (e.g., once methods have been refined to improve control performance in chronic water or sediment toxicity testing). Example data sets
will be provided on the ongoing efforts by the MCTWG to refine midge
chronic methods. Outcomes of these efforts will be used to guide ongoing revisions to USEPA and ASTM methods for conducting sediment
toxicity tests or water toxicity tests with C. dilutus and H. azteca.
606 Evaluating the relative sensitivity of endpoints generated during
midge life-cycle sediment toxicity tests
T.W. Valenti, Syngenta Crop Protection LLC / Environmental Safety; J.K.
Gates, Waterborne Environmental, Inc.; M.J. Bradley, Smithers Viscient
/ Sediment Toxicology; M.A. Cafarella, Waterborne Environmental, Inc /
Ecotoxicology; J.M. Giddings, Compliance Services International; H. Krueger,
Wildlife International; S.P. McGee, Bayer CropScience LP / Environmental
Health Sciences; A. Samel, DuPont Crop Protection / Ecotoxicology; B.
Sharma, FMC Corp Global Regulatory Sciences; J.P. Staveley, Exponent; J.
Wang, BASF Agriculture Soutions / Environmental Toxicology
Midges (Diptera: Chironomidae) are used as model test organisms
for evaluating the potential toxicity of chemicals sorbed to sediments.
The guidance document “Methods for Measuring the Toxicity and
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Bioaccumulation of Sediment-associated Contaminants with Freshwater
Invertebrates” (USEPA 600/R-99/064) released in March 2000 details
procedures for conducting life-cycle tests with midges. There are ongoing
efforts to revise certain aspects of the guidance document and members
of the SETAC Midge Chronic Testing Working Group are providing
technical insight with the aim of further advancing the test method.
One area of potential revision pertains to the evaluation of appropriate
test endpoints. Currently, lethality-based endpoints for the life-cycle
test include larval, pupal and adult survival, while sublethal endpoints
include larval growth, adult emergence (total/percent, cumulative rate,
time to first emergence, and time to death), and reproduction (sex ratio,
time to oviposition, mean eggs/female, egg cases/treatment, and egg
hatchability). High variability in control response and redundancy of
information gained from similar observations prompted scientific inquiry
concerning the utility and/or necessity of some endpoints for defining
biological effect thresholds. Streamlining the number of measured endpoints could improve the efficiency of the test method and also provide
researchers with greater confidence that observed effects are indeed
related to contaminant exposure and not manifested merely as a result
of natural biological variability. Members of the Crop Life America
Sediment Subcommittee team compiled midge toxicity data from studies
completed with agrochemicals for retrospective analysis to gain greater
understanding of the relative sensitivity of endpoints from the midge
life-cycle study. The purpose of this presentation is to briefly review
findings of the aforementioned effort and discuss implications for future
midge life-cycle testing efforts.
607 Age-related sensitivity of three common sediment assay organisms exposed to a representative pyrethroid insecticide
M.J. Bradley, Smithers Viscient / Sediment Toxicology; C.R. Picard,
Smithers Viscient / Sediment and Plant Ecotoxicology
Complementary chronic and sub-chronic (10-day) standardized test
methods exist for three common sediment assay species; the freshwater
midge Chironomus dilutus, the freshwater amphipod Hyalella azteca, and
the estuarine amphipod Leptocheirus plumulosus. For chronic methods, a
younger cohort of organisms is often recommended for use at exposure
initiation. Industry experience suggests, however, that the use of these
younger organisms can lead to variable biological performance, which
results in a lack of statistically robust data, or data which do not meet
acceptance criteria, commonly related to survival. Generally, improved
laboratory success rates are observed when older organisms are used
to start an exposure, such as in sub-chronic exposures, which can be
attributable to an increased ease of handling and selection of hardier
organisms. It is postulated, however, that organism sensitivity to a
contaminant of concern may be lost when utilizing older organisms.
Additionally, sub-chronic methods allow for a wide organism age range
at exposure initiation, which, if sensitivity is related to age, could consequently lead to ambiguity across individual exposures. Our study looks
at the sensitivity of these three species, relative to survival and growth,
when exposed to a representative pyrethroid insecticide in different age
groupings. The purpose of this study is to determine if observed toxicity
and variability between replicates or treatments is affected by age at the
start of exposure. If so, it will be assessed whether reducing variability or
potentially increasing physical sensitivity is more valuable to determining
exposure endpoints.
608 Species Sensitivity Differences in Sediment-dwelling Organisms
Exposed to Fipronil and Three Metabolites: Relevance to Risk
Assessment
L.S. Ortego, Bayer CropScience / Environmental Toxicology and Risk
Assessment; S.R. Mortensen, BASF Corporation; C.R. Picard, Smithers
Viscient / Sediment and Plant Ecotoxicology; A. Putt, Springborn Smithers
Laboratories; L. Weltje, BASF SE / Agricultural Centre
The species sensitivity to fipronil and three of its metabolites, fipronil
sulfone, fipronil desulfinyl, and fipronil sulfide was examined in sediment-dwelling arthropods Leptocheirus plumulosus, Chironomus dilutus,
and Hyalella azteca. The 10-day guideline study design (OCSPP Draft
Guidelines 850.1740 and 850.1735) was used to evaluate the toxicity of
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fipronil and three metabolites to the three species; so a total of 12 tests
was conducted. In these studies, sediment was spiked with one of the
chemicals above and allowed to equilibrate. The test organism was then
added to the spiked sediment and survival and growth were measured
and LC/EC50s and NOECs were determined for the survival and
growth endpoints (except for L. plumulosus where only survival is evaluated). Both C. dilutus and L. plumulosus exhibit similar sensitivity. As
expected from the published literature, H. azteca was less sensitive than
the other species. Regarding the toxicity of fipronil and the metabolites,
analysis of the data suggests that fipronil desulfinyl is not as toxic to
these taxonomic representatives as the other moieties. Fipronil, fipronil
sulfone and fipronil sulfide appear to be of similar toxicity in these tests.
Data suggest that C. dilutus is adequately sensitive to fipronil and its
metabolites and that risk assessments based on C. dilutus data should be
protective for other sediment-dwelling organisms.
609 Improving survival and reproduction in the 28-day Marine
Amphipod (Leptocheirus plumulosus) Sediment Test
H.O. Krueger, Wildlife International, Ltd. / Aquatic Plant and Insect
Toxicology; S. Thomas, J. Boos, A. Nevitt, J. Bartlett, H. Gerstler, Wildlife
International
CRO Laboratories conducting OPPTS toxicity tests on the marine
amphipod, Leptocheirus plumulosus, in sediment/water systems have been
experiencing low survival and poor reproduction for the 28-day chronic
test. We applied the lessons learned from the Hyalella azteca Advisory
Group (HAAG) working group, since it seemed logical to assume that
what worked to improve the freshwater amphipod test could also be
applied to its marine counterpart. Test performance in Hyalella was
improved by focusing on three major factors, water quality, diet, and
starting the test with known aged organisms (7-day old). The current
Leptocheirus guideline recommends a static renewal design and the age
of organisms at the experimental start is ambiguous. By changing from
a static renewal test system to the same flow-through test system as
Hyalella (2 exchanges of water per day), adding algae to the diet, and
isolating young neonates and raising them to a known age cohort greatly
improved results in smaller scale trials. A larger study was then set up
to provide more conclusive results. A trial with 30 reps was set up with
5 reps sampled on Day 10, 15 reps on Day 28, and 10 reps on Day 35. A
35 day time period was added to see if it greatly improved reproduction
measurements. Survival on Days 10, 28, and 35 was 96, 94, and 80%,
while corresponding mean individual dry-weights were 0.28, 0.91, and
0.77 mg, respectively. Mean neonate production on Days 28 and 35 were
40 and 52, respectively. The data also support changing the 10-day acute
guideline to allow a 16hr:8hr light-dark photoperiod instead of a 24hr
light period. Additionally the data support adding a dry weight measurement to the 10-day test.
610 Draft ASTM International standard for conducting laboratory
sediment toxicity test with juvenile freshwater mussels
J.M. Besser, USGS / Biological Resources Division, Columbia
Environmental Research Center; C.C. Barnhart, Missouri State Univ
/ Biology; C.G. Ingersoll, C.D. Ivey, USGS / Columbia Environmental
Research Center; N.E. Kemble, USGS / Biological Resources Division; J.L.
Kunz, N. Wang, USGS / Columbia Environmental Research Center
Standard methods for conducting laboratory toxicity tests with freshwater sediments using species of amphipods, midges, oligochaetes, and
mayflies were developed in the 1980s and 1990s by ASTM International
and USEPA. In 2005, an ASTM standard was developed for conducting water-only toxicity tests with the glochidia and juvenile life stages of
freshwater mussels. Water-only toxicity testing has demonstrated that
mussels are sensitive to contaminants often associated with sediment,
including metals, ammonia, and some organic contaminants. Moreover,
juvenile mussels are in direct contact with sediment, typically burrowing into the upper 2 cm of sediment. Our laboratory has adapted ASTM
water-only toxicity methods to conduct 28-d whole-sediment toxicity
tests with freshwater mussels. In 34 tests, mean survival of controls was
91% and the mean weight increase of controls was 3.7-fold. Control
survival was below 80% in three tests, perhaps because batches of

mussels used for these studies were of lower quality due to underfeeding
of cultures. A recent long-term (84-d) study indicated that: (1) addition
of a sand substrate and frequent beaker replacement led to improved
survival and growth in water-only exposures; and (2) increased feeding led to improved growth of mussels in sediment exposures. Growth
tends to be a more sensitive endpoint than survival in both water and
sediment toxicity tests with mussels. Mussels may avoid exposure to
some contaminants by valve closure, but this avoidance comes at a cost of
reduced feeding and growth. The sensitivity of mussels to contaminated
sediments has typically been similar to or greater than the sensitivity of
amphipods or midges. Data from these studies have been used to draft
an annex to ASTM Standard E1706 that describes methods for conducting whole-sediment toxicity tests with juvenile mussels. This annex will
be balloted in the fall of 2015.
611 Effect-directed analysis of sediment-bound contaminants:
Application of passive dosing to incorporate bioavailability into in
vivo toxicity testing
J. You, Guangzhou Inst of Geochemistry, Chinese Academy of Sciences / State
Key Laboratory of Organic Geochemistry; H. Qi, Y. Wei, H. Li, Guangzhou
Inst of Geochemistry, Chinese Academy of Sciences
Sediments in urban waterways in South China were contaminated by
various chemicals and showed prevalent toxicity to the benthos. Our
previous study with a combination of whole-sediment toxicity identification evaluation and bioavailability-based extraction found that sediment
mortality to the benthic invertebrate, Chironomus dilutus in this area
was caused by organics and metals jointly and organic contaminants
contributed to the mortality for all samples. To better elucidate the roles
of organic contaminants in sediment toxicity, an effect-directed analysis (EDA) was used in the current study. In addition, passive dosing
technique was incorporated into the EDA procedure to take bioavailability of sediment-bound contaminants into consideration. First, 10
sediments were collected along Guangzhou Reach of the Pearl River.
Acute and subchronic toxicity tests were performed using 3rd instar
and newly hatched midge larvae, respectively, with the mortality and
impairments of growth and nesting behavior being endpoints. Moreover,
six biomarkers including cytochrome P450, glutathione S-transferase,
carboxylesterase, acetylcholinesterase, catalase, and lipid peroxidation, were determined in the midges. The changes of the biomarkers
were summarized for individual samples by computing the integrated
biomarker response (IBR) indices. Second, a sediment was gone through
EDA procedures to identify the putative toxicants. The sediment was solvent extracted, cleaned with GPC, and fractionated with reversed phase
HPLC. Original extract and the fractions were individually loaded onto
polydimethylsiloxane (PDMS) membranes, and then the membranes
were put into reconstituted water to set up passive dosing systems. In
these systems, 4-d toxicity tests were performed with 3rd instar C. dilutus, and nesting behavior and IBR indices were used as endpoints. After
the termination of testing, the fraction showing toxicity was screened
for potential toxicants by GC-MS. Third, the occurrence of potential
toxicants were confirmed in all sediments with standard compounds. The
relationship between sediment toxicity and chemical occurrence were
assessed by a canonical correlation analysis. Last, dose-response relationships of identified toxicants were established for further confirmation.
Results showed that dimethomorph, thiadimenol and cypermethrin were
pupative toxicants to the noted sublethal toxicity in C. dilutus caused by
the sediments from Guangzhou Reach of the Pearl River.
612 Using Spiked Bioassays to Address Chemicals Without Sediment
Benchmarks: Example Case Study - Barium in Freshwater Sediments
J. Hedgecock; H. Loso, AECOM; P. Arth, M. O’Neill, Nautilus
Environmental; N. Garson, The Boeing Company / Environment Health
Safety Remediation Group
Although potential impacts of barium in marine environments have been
evaluated due to barite’s use as a weighting agent in oil well drilling fluids, the effects of barium on freshwater benthic organisms has not been
well documented in the scientific literature. After barium was identified
as a chemical of concern for a Boeing Facility in Everett, Washington by
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the Washington State Dept of Ecology (WDOE), an approach to derive
a chemical-specific cleanup level (CUL) by spiking sediments with a
range of dose levels to equate observed toxicity to barium was developed
in accordance with WDOE Sediment Management Standards. This
presentation will describe four key considerations used to establish a
site-specific barium CUL and some general considerations that should be
evaluated before embarking on a bioassay test program: 1. identify chemical speciation of site barium, 2. collect reference and site sediments,
and porewater, 3. measure key water quality parameters in sediment
and overlying water, and 4. clearly define bioassay test procedures.
Analytical data often indicate that chemical concentrations in sediment
can potentially harm ecological life living in the sediment. Many physical and chemical attributes of sediment and associated porewater can
reduce potential environmental harm predicted by sediment benchmark
exceedances; therefore, validation of toxicity through bioassay testing is
often a next step. This presentation will provide insight into what can be
expected during the testing process, confounding factors that can influence design and testing success, and how to interpret the often complex
data that result from these biological studies. While various guidance
documents are available to inform the sampling design and analysis
phase, site-specific conditions should be evaluated to ensure meaningful toxicity data are collected and properly interpreted for each project.
The spiked barium study was performed using the 20-day Chironomus
midge bioassay method which utilizes mortality and growth endpoints
as measures of effect and uses an organism with relevant exposure to the
solid phase material with which barium would most likely be associated. Specific advantages and disadvantages to using toxicity testing as
a means of characterizing the potential for adverse effects in the benthic
community at a particular site, and sediment quality parameters to consider when designing a spiked bioassay study will also be discussed.

Modeling Chemical Exposure – Part 2
613 Modeling chemical fate and transport in the air-skin system to
understand human exposure potential
E.M. Webster, M.L. Diamond, Univ of Toronto / Dept of Earth Sciences
Over the past few decades we have moved from viewing skin as a
protective barrier against environmental contamination of the body to
using the skin as a delivery pathway for certain drugs. The experimental evidence for skin penetration is clear and the question now is not
whether, but to what extent, chemicals enter the body through skin. To
this end, skin permeability coefficients are being measured for organic
chemicals of interest but experimentation is expensive and often problematic. In vivo human experimentation, although ideal for measuring
human exposure, is impractical. Excised human skin is available only in
very limited quantities for experimentation in flow-through cells. Other
options include rat, pig and now synthetic skin but all are experimentally
challenging and expensive. It is thus desirable to have reliable models
of skin penetration. Correlation models have been developed that are
useful for estimating a chemical’s skin permeability coefficient, the
standard measure of potential to penetrate, but these do not advance our
understanding of the system. To expand our understanding of chemical
movement within and through the skin, a fugacity-based, multimedia
model has been developed. The unsteady-state, mechanistic model
consists of five compartments – air, a surface film, an outer skin layer to
simulate the stratum corneum that is typically sampled by tape stripping,
an inner skin layer to simulate the epidermis or remainder of the skin,
and an underlying receptor fluid to simulate the body. Chemical applied
to the skin can volatilize to air, move through the three skin layers with
ultimate loss to body or be transformed by metabolism in the inner skin
layer. Differences in oil content and moisture (i.e., sweat) are accommodated through changes to the composition of the surface film layer. The
model has been evaluated by comparison with published experimental
studies and correlation equation estimates of the permeability coefficient
for a variety of chemicals. With an improved understanding of chemical
movement through and fate in the skin, advances can be made in understanding human chemical exposure potential.
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614 Exposure to chemicals in consumer products: A parsimonious
model for chemicals encapsulated in products
L. Huang, Univ of Michigan / Dept of Environmental Health Sciences; O.
Jolliet, Univ of Michigan / Environmental Health Sciences
Exposure assessments have primarily focused on the impacts of outdoor emissions or the manufacturing stage. However, studies have
demonstrated that near-field chemical intakes may exceed environmentally mediated exposures and are therefore essential to be considered.
Chemicals encapsulated in products can be a major emission source
in the use phase. Previous models describing such emissions require
complex analytical or numerical solutions, which poses a great computational burden and lack transparency. In the present study, we adapted
a model which describes (S)VOC emissions from building materials and
subsequent loss by ventilation, and simplified the governing equations by
assuming a pseudo-steady-state between emission and loss and introducing a modified convective mass-transfer coefficient (hm’). Results of this
simplified model show a good agreement with the original full model
and the experimental data. The solution of this simplified model for mass
fraction emitted, which consists of a sum of an infinite series, is further
reduced to a sum of only two exponentials with parameters which can
be predicted from physiochemical properties using explicit equations.
Results of this simple two-exponential model agree well with the original full model over 15 years for a wide range of compounds and material
thicknesses. The chemical concentration at the material surface can be
simply calculated from the derivative of this two-exponential model,
which also agrees well with the original full model. This parsimonious
approach greatly reduces the computational burden, which is suitable for
high-throughput screening of chemical emissions and exposure potentials. The inhalation and dermal exposure doses can be derived from the
mass fraction emitted and surface concentration. To illustrate the application of the model, we conducted a case study of 4 SVOCs and 5 VOCs
in a 1.5mm-thick vinyl flooring and calculated the exposures for a 3-yr
old child over the flooring’s lifetime (15 years). For VOCs the inhalation
exposure dominates with average intake ranging from 0.13 to 0.61 µg/
kg-d, while the uptake from dermal contact is negligible (10-16 – 10-9
µg/kg-d). In contrast, for SVOCs dermal uptake (0.015 – 13.1 µg/kg-d)
becomes equally important with inhalation exposure (0.046 – 11.7 µg/
kg-d), highlighting the need to consider dermal exposure during physical
contact with objects.
615 Exploring Chemical Exposure via Food Imports: The Hazards of
a Globalized Diet
J. Boucher; C.A. Ng, ETH Zurich / Inst for Chemical and Bioengeneering;
N. von Goetz, K. Hungerbuehler, ETH Zurich
The world is gaining better and easier access to imported foods originating from many different regions, allowing for a globalization of
once highly regionalized diets. This food trade constitutes a massive
movement of materials across international borders, which also enables
the movement of toxic chemicals, resulting in potentially hazardous
consumer exposure. Governments make an effort to monitor the levels
of chemicals in imported foods and to reject those that exceed set limits.
However, such systems rely largely on “spot checks” since it is difficult
and resource intensive to inspect all imported foods, from all origins, and
for all harmful chemicals. This study focuses specifically on investigating the transport of and exposure to three toxic chemical classes through
food: mercury, polybrominated diphenyl ethers (PBDEs), and arsenic.
The amount of these chemicals transported into Switzerland in 2013 and
the exposure from the average Swiss diet is calculated and discussed for
imported fish, white and brown rice, and potatoes. A literature review for
measured chemical concentrations in these foods by origin was combined
with import trade data for Switzerland from the UN COMTRADE
database, and a survey of the average Swiss diet from the Swiss Federal
Food Safety and Veterinary Office. By combining these three sets of
data, we could calculate chemical flows into Switzerland and associated consumer exposures. The analysis covers foods imported from
twenty-nine countries of origin spread over five continents. Our results
highlight regional contamination of mercury in fish from North America
and PBDEs in shrimp from Southeast Asia and Oceania. In addition,

THURSDAY PLATFORM ABSTRACTS
changes in the traditional Swiss diet since 1980 (in particular, increasing
consumption of rice and fish) show the impact that a consumer’s food
decisions can have on their exposure. The calculated exposures are also
compared to local environmental concentrations in the city of Zurich
from previous studies, and the calculated import chemical flows are compared to local, Swiss emissions of these chemicals. The results support
the hypothesis that exposure to chemicals is increasing due to increased
consumption of imported foods. However, the results do not support the
hypothesis that substantial amounts of chemicals are being transported
through commercial food trade, at least for the chemicals considered and
when compared to local Swiss emissions.
616 Investigating the Relationship Between Persistent Organic
Pollutant Concentrations and Body Mass Index in Humans
S. Wood, F. Xu, J.M Armitage, F. Wania, Univ of Toronto at Scarborough /
Dept of Physical and Environmental Sciences
Because of the hydrophobicity of persistent organic pollutants (POPs),
they generally associate with lipids. Lipid content can vary considerably
between human individuals, and this can serve as a source of concentration variability observed in human biomonitoring (HBM) studies.
HBM studies often observe that POP concentrations are associated with
body mass index (BMI). However, the results are inconsistent, showing
negative, positive, or no association. Recently, Wolff et al. hypothesized
that these varying relationships between POP concentrations and BMI
are a result of variable pharmacokinetics of POPs in lean and obese
individuals. During periods of increasing exposure, obese individuals
have lower POP concentrations due to a dilution effect. During times of
decreasing exposure, elimination of POPs is slower in obese individuals,
who will eventually have higher POP concentrations. To investigate this
hypothesis, we used an environmental fate model (BETR-Global) and
food chain bioaccumulation model (ACC-Human) to calculate timevariant concentrations of 2,2’,4,4’,5’,5’-hexachlorobiphenyl (PCB-153, a
representative POP) in 6128 participants of the United States National
Health and Nutrition Examination Survey (NHANES). We further
used demographic information (year of birth, and sex) and dietary information for model input. The simulated relationships between PCB-153
concentration and BMI revealed a dependence on both birth cohort and
sampling year, and confirmed the hypothesis of Wolff et al.
617 Long-range oceanic transport of perfluoroalkyl acids to the Arctic
and their temporal trends
X. Zhang, Environmental Health Sciences School of Public Health; Y. Zhang,
H. Amos, E. Sunderland, Harvard Univ
Perfluoroalkyl acids (PFAAs), such as perfluorooctane sulfanate (PFOS)
and perfluorooctanoic acid (PFOA), are associated with a range of negative impacts on the environment and human health. PFOS and PFOA
have been/are being phased out and replaced with other fluorinated alternatives. PFAAs predominantly exist as deprotonated species in aquatic
environment and the high environmental persistence of historically
released PFAAs means they can accumulate in the ocean and continue
to be transported to remote and vulnerable locations such as the Arctic
Ocean. This presentation will discuss oceanic transport pathways to the
Arctic and how they have varied over time, including how concentrations
have responded to elimination of some PFAAs sources and increased
production of others. We present modeling results using a global 3-D
ocean circulation model (MITgcm, ECCO v4) to simulate PFAA fate
and transport. We use global production inventories to estimate spatially
resolved historical inputs of PFAAs to the oceans. Model simulations
evaluated against measurements are generally within the uncertainty
range of the estimated inputs of PFAAs to the ocean. Large variations
in the temporal trends were observed between PFOS in surface seawater and in deeper ocean. For legacy PFAAs such as PFOS, flow to the
Arctic Ocean via surface current of the Gulf Stream continues for over
three decades after eliminating the primary source. Deep water flowing
out of the Arctic is a major output pathway for PFAAs. The simulated
temporal and spatial trends of PFAAs in the Arctic are used to assess
trend of Arctic wildlife exposure to PFAAs and interpret Arctic wildlife
biomonitoring data.

618 Temporal trends in air-sea exchange of polychlorinated biphenyls
(PCB) and implications for the Arctic
H.M. Amos, Harvard School of Public Health / Environmental Health;
Y. Zhang, Harvard Univ; S. Dutkiewicz, C. Friedman, Massachusetts
Inst of Technology; R. Lohmann, Univ of Rhode Island / Graduate School
of Oceanography; X. Zhang, Harvard Univ; G. Forget, C. Thackray,
Massachusetts Inst of Technology; C. Sun, Univ of Rhode Island; N.E. Selin,
Inst of Data Systems and Society Dept of Earth Atmospheric and Planetary
Sciences; E. Sunderland, Harvard Univ
Polychlorinated biphenyls (PCBs) are toxic, persistent and bioaccumulative legacy contaminants. Production and use of PCBs has been banned
or restricted since the 1970s. However, concentrations of PCBs in marine
organisms and humans remain high in many regions and human health
outcomes associated with exposures are still emerging. The Arctic is
particularly vulnerable because the volatility of PCBs is reduced at high
latitudes resulting in preferential accumulation. Here we present results
from a new global three-dimensional simulation of PCB transport and
cycling in the ocean (MITgcm, ECCO v4), coupled to atmospheric inputs
from a global CTM (GEOS-Chem v9-01-03). The simulation includes
organic carbon and marine plankton ecosystem dynamics (DARWIN) to
capture the temporal dynamics of PCBs sorbed to suspended particulate matter. We simulate temporal changes in PCB concentrations in
seawater and marine plankton from 1930 to 2010. Model results are
evaluated against measured surface and depth profiles of PCBs across the
Atlantic and Pacific Ocean collected using passive samplers. We present
mass budgets for the major ocean basins, including storage of PCBs in
shelf sediment, plankton biomass, and deep waters. The model is used to
evaluate the role of air-sea exchange as a driver for observed trends in the
ocean and atmosphere, and test the hypothesis that the ocean is buffering the temporal response of ecosystems to declines in anthropogenic
releases through sustained re-emissions of historic PCBs accumulated in
subsurface ocean waters. The analysis is presented at the global scale with
a particular focus on Arctic implications.
619 The Development of a Bioaccumulation Model of Los Angeles
and Long Beach Harbor for Evaluation of TMDL Compliance
E.M. Lamoureux, Anchor QEA, LLC / Environmental Sciences; D. Glaser,
W.R. Hovel, Anchor QEA; S.L. Anghera, Anchor QEA, LLC; Y. Poon; M.
Arms, J. Vernon, Port of Long Beach; K. Curtis, A. Jirik, Port of Los Angeles
/ Environmental Management Division
Addressing human health effects of sediment-borne contaminants due
to the consumption of fish from the Los Angeles/Long Beach Harbor
(LA/LB Harbor) is a critical component of the Harbor Toxics Total
Maximum Daily Load (TMDL). As part of California’s Sediment
Quality Objectives Indirect Effects Tier III assessment of the LA/
LB Harbor, the Ports of Los Angeles and Long Beach are developing
a bioaccumulation model to better understand how compliance with
TMDL target tissue concentrations may be achieved. The objective
of the model is to spatially resolve the linkage between fish contaminant concentrations and contaminant sources, thus providing a tool to
identify effective potential remediation actions. The model is based on
the AQFDCHN model framework (i.e., computer code)-a bioenergetic,
mechanistic, dynamic modeling framework, originally developed more
than 30 years ago by Drs. John. P. Connolly and Robert V. Thomann,
and used to evaluate bioaccumulation as part of the Palos Verdes Shelf
Remedial Investigation and Feasibility Study. The model represents the
LA/LB Harbor food web structure for the TMDL target fish species
and incorporates fish migration among subareas of the LA/LB Harbor
and to and from the Palos Verdes Shelf. In addition, the model incorporates site-specific growth rates of the target fish, as well as seasonal
and annual changes in diet and lipid content. Results for White Croaker
(Genyonemus lineatus) will be presented. This bioaccumulation model will
be linked to a hydrodynamic, sediment transport, and fate model that is
also under development for the LA/LB Harbor (the WRAP model). The
linked, calibrated model will be used to evaluate alternative management actions by simulating source control and sediment remediation in
subareas of the LA/LB Harbor and comparing the predicted fish PCB
and DDT concentrations with current and future conditions. Natural
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recovery and regional background concentrations will be incorporated.
Model results will be integrated into the Sediment Quality Objectives
indirect effects framework that will be used to evaluate TMDL
compliance.
620 Modeling Rate-Limited Mass Transfer at Contaminated
Sediment Sites
P.H. Israelsson, P.M. Oates, W. Ku, J.P. Connolly, C. Forrest, S. Miyasaka,
Anchor QEA, LLC; V. List, Specialized Environmental Modeling, LLC
Contaminant fate and transport models are commonly applied to
evaluate the relative benefit of remedial strategies for contaminated
sediment sites via predictions of exposure concentrations to risk receptors. In formulating a tool that is reliable for such applications, it is
important to consider whether the model can adequately represent the
relevant timescales of contaminant transfer within the sediment bed
and the water column, and between the bed and the water column. This
presentation considers two fundamental examples of mass transfer that
may be inadequately represented by traditional modeling frameworks.
The first example is the transfer of sorbed hydrophobic contaminants
from suspended sediments to the water column (and vice versa). The
classic and near-universal assumption of instantaneous equilibrium
partitioning tends to exaggerate the mass transfer because, as observed
in laboratory-scale studies and inferred from short-term behavior at field
sites, desorption timescales are often much larger than the timescales of
particle suspension. The second example concerns contaminant resuspension from an unconsolidated sediment “fluff layer” subject to intratidal
resuspension/deposition. In this case, traditional modeling approaches
may exaggerate the exchange of contaminants between the sediment bed
and the water column by failing to account for the barrier provided by
the fluff layer, and by failing to resolve concentration gradients that may
arise between a frequently resuspended fluff layer and a more quiescent
underlying parent bed. Each of these mass transfer processes directly
impacts the calculation of contaminant mass redistribution within a
system, and thus may influence the predicted evolution of surface sediment contaminant concentrations over time. The representation of these
processes within numerical models will be considered in the context
of simulating natural and remedial conditions, drawing on experiences from contaminant fate and transport model development for two
“Superfund” sites: the Lower Passaic River and the Upper Hudson River.

Bioaccumulation in Management and
Regulation
621 A Bioenergetic Bioaccumulation Model for Persistent Organic
Pollutants in Aquatic and Terrestrial Food Webs
Y. Fan, Environment Canada; A. de Bruyn, Golder Associates Ltd.;
F. Gobas, Simon Fraser Univ / School of Resource and Environmental
Management Faculty of Environment
A bioenergetic bioaccumulation model was developed and tested in
order to predict concentrations, bioconcentration factors (BCF), bioaccumulation factors (BAF) and trophic magnification factors (TMF) of
data poor persistent organic pollutants (POPs) in organisms of terrestrial and aquatic food webs. This bioaccumulation model is different
from currently used mass-balance based bioaccumulation models in
that it conserves both chemical mass and energy and requires less input
information than other models. This model was tested against concentrations of various POPs in organisms of Canadian Arctic terrestrial and
Lake Ontario aquatic food webs. Predicted BAFs of POPs in organisms
are in good agreement with observed BAFs as indicated by the model
bias, which ranged from 0.62 to 5.3. Comparisons of the behavior of
the new model to the AquaWeb model by Arnot and Gobas (2004) and
a terrestrial model by Kelly and Gobas (2001) show that the models
are comparable in their ability to predict BAFs. The main advantage of
the bioenergetics bioaccumulation modeling approach is that it can be
applied to a much wider variety of biological organisms and food-webs
(e.g., insects, amphibians, birds, reptiles) than conventional models such
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as AquaWeb (i.e., limited to aquatic organisms). We will discuss how the
new model can be used to improve the assessment of chemicals for their
bioaccumulation potential for both aquatic and terrestrial organisms.
622 Assessing dioxin/furan bioaccumulation from historically
contaminated sediments using a novel modification of the bedded
sediment bioaccumulation test
M. Sanborn, M. Rankin, AECOM; M.A. Cameron, Core6 Environmental
Ltd.; G.A. Wickstrom, Core6 Environmental Ltd. / Environmental Sciences
Engineering; J. Eickhoff, toXcel LLC; M. Grey, Maxxam Analytics
Historical operation of coastal pulp mills resulted in the discharge
of polychlorinated dibenzo-p-dioxins and polychlorinated dibenzofurans (PCDD/F) to the marine environment along the coast of
British Columbia. The presence of legacy contamination in previously
disturbed areas presents a unique challenge to new economic developments planned for coastal areas, where a balance between risks from
legacy contamination and cumulative impacts of development must
be considered. The potential for impacts to the marine food web from
legacy contaminants was investigated using a 56 day bedded sediment
bioaccumulation test. Tests were conducted using the annelid worm
Nereis virens and marine pacific bivalve Macoma nasuta from a historically contaminated sediment (3.97 ngTEQ/kg), and reference location
(0.8 ngTEQ/kg). Statistical analysis of total PCDD/F concentration
in tissues at the conclusion of the tests detected no statistically significant difference between; test and reference sediment exposures, or; test
initiation and conclusion for either the test sediment or the reference
sediment regardless of the species tested. The potential for increase in
bioaccumulation as a result of sediment disturbance was investigated
using a modified 56 day bioaccumulation test. Test sediment and
overlying seawater were agitated using overhead stirrers for a period of
12 hours before being transferred to the test aquaria. The aquaria were
allowed to settle for 16 hours prior to introducing organisms. Twice
weekly 50% of overlying water was renewed with slurry consisting of
test sediment and seawater in an attempt to simulate disturbance and
dispersal of sediments. Statistical analysis of total PCDD/F concentration in tissues at the conclusion of the test detected no statistically
significant difference between; the standard and modified protocols;
modified and reference sediments, or; modified and initial tissue
concentrations regardless of the species tested. Despite documented
releases of PCDD/Fs and observed effluent contact with the study area,
PCDD/F in our sediments do not appear to be readily bioaccumulative. The potential for historically deposited PCDD/Fs to accumulate
in the marine food web appears to be low for the sediments tested.
Disturbance and continual addition of sediments intended to simulate a development scenario did not induce a detectable increase in
bioaccumulation.
623 Gastro-intestinal and Somatic Biotransformation in Fish:
Implications on BCF and BMF Measurements and Regulatory
Interpretation
J.C. Lo, Simon Fraser Univ / Biological Sciences; D. Campbell, Simon Fraser
Univ / Dept of Statistics and Actuarial Science; F. Gobas, Simon Fraser
Univ / School of Resource and Environmental Management Faculty of
Environment
Both gastro-intestinal and somatic biotransformation can play an
important role in the depuration of very hydrophobic and potentially
bioaccumulative substances in fish. This study investigates the effect of
gastro-intestinal and somatic biotransformation on the determination of
the BCF and BMF in the OECD 305 Bioaccumulation Test Guideline.
We report the results from experimental BMF studies of 18 chemicals in
rainbow trout and the application of a bioaccumulation model specifically designed to describe chemical uptake and depuration in BCF and
BMF tests. We found that due to differences in uptake pathways, the
BCF (involving respiratory exposure) and the BMF (involving dietary
exposure) are not equally affected by gastro-intestinal (kGM) and
somatic biotransformation rates (kBM). This can result in situations
where chemicals exhibit BCF values above regulatory criteria values
while having a BMF value below 1 (indicating no biomagnification).
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We will present a bioaccumulation model (kGMkBM v 1.0) to calculate
the effect of kGM and kBM on the BCF and BMF for hydrophobic
chemicals in fish. The model provides relationships between the BCF
and BMF from measurements in the OECD 305 Bioaccumulation Test
protocol. This research supports initiatives included in Annex XIII of
REACH to include BMF/TMF values as information in PBT assessments. Furthermore, recommendations to further fine tune the new
OECD 305 Bioaccumulation Test Guideline are made to improve the
measurement of biotransformation rate data from the dietary-exposure
test. We conclude that both gastro-intestinal and somatic biotransformation play an important role in the chemical bioaccumulation in fish, but
that computational and experimental considerations require attention
when interpreting the data.
624 Importance of functional feeding attributes: Considering biology
when assessing invertebrate bioaccumulation of PCBs from sediment
G.R. Lotufo, US Army ERDC / Environmental Laboratory; A.J. Kennedy,
CEERD-EPR / Environmental Laboratory; J.G. Coleman, US Research
and Development Center / Environmental Laboratory; C. Ruiz, USACE ERDC; T.S. Bridges, US Army Corps of Engineers / USERDC WES EZS
The processes of uptake, biotransformation, and elimination, also
called toxicokinetics, modify the concentration of organic chemicals in
organisms. Contaminant uptake, biotransformation and elimination are
key factors modifying net bioaccumulation and consequently toxicity.
Contaminant bioaccumulation into sediment-dwelling organisms is
the first step in the most significant exposure pathway producing risks
at upper trophic levels. Benthic species vary in terms of their position
within the sediment column, their relation to sediment particles and
porewater (e.g., tube building vs. free burrowing), and feeding behavior
(filter feeding vs. deposit feeding), all of which contribute to differences
in contaminant exposure and the notion of contaminant bioavailability.
The objective of this study was to derive and compare uptake and elimination kinetics and biota-sediment-accumulation factors (BSAFs) among
four benthic species: Neanthes arenaceodentata (N.a.) Leptocheirus plumulosus (L.p), Eohaustorius estuarius (E.e) and Mercenaria mercenaria (M.m.)
with differing traits that were expected to produce differences in exposure and therefore bioaccumulation of sediment-associated PCBs. This
study also evaluated the role of overlying water as a source of contamination. Organisms were exposed directly to sediment from New Bedford
Harbor, MA (NBH) for periods ranging from 1 to 28 days, as to NBH
and Bremerton, WA sediments with and without a thin sand cap.
Porewater concentrations were estimated using polyethylene samplers.
L.p. bioaccumulated the highest concentrations of PCBs and M.m. the
lowest. Apparent steady-state was achieved within 7 days for all species,
but elimination kinetics predicted much longer periods. While porewater
was a far better predictor of exposure than bulk sediment concentrations,
evidence suggests direct exposure to sediment particles was particularly
important for L.p. Overlying water exposure was particularly important
for the filter feeding M.m, moderately important for the surface deposit
feeder L.p. and of low importance for the deeper burrowers N.a. and E. e.
While a 2 cm sand cap generally reduced bioaccumulation of sedimentassociated contaminants, it increased exposure to the overlying water due
to greater infiltration.
625 Mercury Discharge into the Ohio River in an Evolving
Regulatory Environment
C.B. Tuit, Gradient Corporation; D. Langseth, Gradient
As of October 16, 2015, the Ohio River Valley Water Sanitation
Commission (ORSANCO), an interstate body with regulatory authority for water quality in the Ohio River, currently plans to eliminate the
use of discharge mixing zones for bioaccumulative chemicals of concern,
including mercury (Hg) requiring that all discharges must meet Pollution
Control Standards (PCS) at the point of discharge. ORSANCO is considering changing those plans and has recently sought comments on this
topic. For Hg, there are currently two PCS values: 0.3 mg/kg of methyl
mercury (MeHg) for fish tissue and 12 ng/L total Hg for whole water.
The water standard is not independently protective of human health, but
is used to ensure that the fish tissue standard is met. The water column

criteria is a holdover from previous approaches to develop an ambient
water quality criteria by translating fish tissue to water column concentration through a standard national bioaccumulation factor (BAF), an
approach that is no longer supported by the USEPA (2001). The USEPA
strongly encourages direct use of the fish tissue criterion, but allows for
other approaches including development of a site-specific BAF (USEPA,
2010). When evaluated on a consumption weighted average basis the
Ohio River as a whole, and most of the individual navigational pools,
meet the fish tissue criterion; however there is some interest in applying
the site-specific BAF approach to the Ohio River to develop a new water
criterion for Hg. The use of a site-specific BAF approach could substantially lower ambient water PCS for Hg, though it is not known whether
such a change would have a substantial impact on fish tissue concentrations. For existing discharges, the loss of mixing zones combined with
the potential decrease in water PCS using the site specific BAF approach
represent a substantial challenge. This presentation will provide a technical evaluation of the site-specific BAF approach in the upper Ohio River
and a fish tissue monitoring case study.
626 Technical and Decision-Making Implications of
Biomagnification-Based Water Quality Criteria for Mercury
U.K. Vedagiri, AECOM / Design and Consulting; H. Loso, AECOM;
L. Whalin, C. Prowell, R. Steenson, San Francisco Bay Regional Water
Quality Control Board
Mercury is a contaminant of significant concern in the aquatic environment. Health concerns from exposure to mercury in aquatic systems are
related to direct toxicity to aquatic and benthic biota as well as indirect
toxicity to predatory fish, birds, mammals, and human fish consumers
that occurs when inorganic mercury is transformed to more toxic methylated forms and biomagnifies through the food-web. The development of
surface water screening criteria to evaluate and make decisions regarding
mercury in the aquatic environment is fraught with uncertainty, particularly how the potential for methylation and biomagnification are taken
into account. Water quality criteria need to consider the form of mercury
present (speciation), its potential to methylate (biogeochemical conditions), and its propensity to transfer from water to biota and accumulate
in fish tissue consumed by humans and wildlife (biomagnification). The
federal and state screening criteria currently in use for mercury in surface
water indicate a wide range of technical approaches and assumptions in
methodology. These approaches range from water-based criteria established in the 1980’s to fish tissue-based criteria established in later years.
This presentation provides a comparison of federal (USEPA) and state
(California and Oregon) criteria for mercury and illustrates the difference in approaches and criteria established, and how application of these
values may lead to different outcomes and decisions regarding potential
health concerns and the need for remedial actions.
627 Temporal Data Provide Evidence of Natural Recovery and
Confirmation of Portland Harbor Bioaccumulation Model Projections
J. Toll, Windward Environmental, LLC; J. Devary, Freestone
Environmental Services, Inc.; F. Wolf, RETIA USA, LLC - Legacy Site
Services LLC
Based on an agreement reached between the Lower Willamette Group
and the Environmental Protection Agency in 2006, a mechanistic
bioaccumulation model (Arnot and Gobas, 2004) was developed for
polychlorinated biphenyls (PCBs) in fish tissue and sediments associated with the Lower Willamette CERCLA Site (RM2-12) in Portland,
Oregon. The model was developed using smallmouth bass (Micropterus
dolomieu) tissue sampled in 2002 and sediment data obtained during the
period 2002-4. Subsequent smallmouth bass tissue sampling conducted
in 2012 and sediment sampling in 2014 provides important information
concerning the predictive accuracy and validity of this model. Specifically,
the 2012 tissue (mean value of 657 ng/g) suggests (based on bioaccumulation model projections) that the surface weighted average concentration
of total PCBs should be in the range of 38 ug/kg. Sediment samples
obtained in 2014 indicate the surface weighted average concentration is 36
ug/kg. This represents a percent error of the predicted sediment value of
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less than 5% and provides two interesting and important lines of evidence
for natural recovery at this site: smallmouth bass tissue during 2002 to
2012 and sediment values during 2002-4 to 2014.
628 The Effects of Fish Consumption and Bioaccumulation Rates
on Relative Source Contribution and Human Health Water Quality
Criteria
D. Essig, Idaho DEQ / Water Quality; D. Pfeiffer, P.D. Anderson, Arcadis
U.S., Inc.
People are exposed to toxic substances through a variety of pathways,
or sources. USEPA introduced the concept of relative source contribution (RSC) in the derivation of human health water quality criteria for
non-carcinogenic compounds to account for multiple sources of exposure. The RSC is defined as the percentage of total exposure that comes
from ingestion of water and fish from the ambient water body of interest.
This percentage is applied to the Reference Dose (RfD) to determine a
reduced dose that can be apportioned to water and fish ingestion such
that the total exposure from all sources does not exceed the actual RfD.
Therefore, any exposure change, e.g., greater fish consumption, implies
a different RSC. An increase in fish consumption means less relative
exposure from other dietary sources, and a greater relative exposure from
fish. Similarly, for bioaccumulative compounds that tend to be present at
a higher fraction in fish than water, exposure from fish consumption may
dominate all other sources of exposure. This poster examines the impacts
of fish ingestion rates and chemical-specific bioaccumulation rates on
RSCs. In some instances, the RSCs can be considerably greater than
the current USEPA’s default of 20% and can substantially affect human
health water quality criteria.

Molecular, Individual and Population Effects
of Contaminants in Herpetofauna and
Incorporation Into Risk Assessment
629 Development of a standardized toxicity test method for Northern
Leopard Frog (Lithobates pipiens) in Canada
L.A. Van der Vliet, Environment Canada / Ecotoxicology and Wildlife
Health Division; P.M. Jackman, Environment Canada / Atlantic
Laboratory for Environmental Testing; J.A. Miller; L.N. Taylor,
Environment Canada / Ecotoxicology and Wildlife Health Division; R.P.
Scroggins, Environment Canada / Biological Methods
Although there is growing evidence of their sensitivity to contaminants,
amphibian toxicity data are currently under-represented in risk assessments. Few standardized methods are available, which contributes
to this under-representation, and none of the available methods pair
whole-organism chronic endpoints with species that are relevant to
Canadian environments. Environment Canada has sponsored research
for the development and standardization of an amphibian toxicity test
method using Lithobates pipiens (Northern leopard frog, formerly Rana
pipiens), with a focus on sublethal, chronic effects (growth and development) which manifest as a result of whole-organism, aqueous exposure.
Environment Canada identified three priority issues: supply of test
organisms, tadpole food type and test duration. We will report on our
progress towards these priority issues, and other method improvements.
Method writing has begun, and in conjunction with this important
milestone, additional standardization questions have been raised. Once
released, this standardized amphibian toxicity test method could be used
in risk assessments, contaminated site assessments, and in pesticide regulation and registration. Additionally, results from chemical-specific tests
could be incorporated into Canadian water quality guidelines.
630 Development of an Acute Oral Gavage Method for the
Evaluation of Pesticide Toxicity in Terrestrial Amphibians
D.J. Fort, C. Rollerson, M. Mathis, Fort Environmental Laboratories Inc;
P. Whatling, F. Womack, Cheminova, Inc.; D. Clerkin, Cheminova AS
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Development of an acute oral toxicity test with a terrestrial-phase
amphibian was considered necessary to remove the uncertainty within
the field of agrochemical risk assessment, where for risk assessments
conducted under FIFRA, endpoints for avian species are typically
used as a surrogate in the absence of toxicity data for terrestrial-phase
amphibians. The bullfrog (Lithobates catesbeianus) was selected for use as
it is a representative of the family Ranidae) and historically this species
has been used as an amphibian test model species. Groups of juvenile terrestrial-phase male and female bullfrogs (L. catesbeianus) were
anesthetized using 200 mg 3-aminobenzoic acid ethyl ester (MS-222)/L
prior to dose administration to reduce potential for regurgitation.
Juvenile bullfrogs were administered a single dose of test article via oral
gavage of a single gelatin capsule (fenthion or dimethoate) or neat liquid
(TEPP or malathion), returned to their respective aquaria, and monitored for survival for 14 days. Fenthion and TEPP were evaluated in a
method development phase using juvenile male bullfrogs. Dimethoate
and malathion were subsequently evaluated with both male and female
juvenile bullfrogs in comprehensive acute oral LD50 studies. Each
study consisted of 5-6 dose groups and a negative control. Behavioral
responses, food consumption, body weight and snout-vent length (SVL)
were used to evaluate indications of sublethal (secondary endpoints)
toxicity. Necropsies were performed to ensure trauma resultant from
dosing had not occurred and to characterize possible effects of the test
item. Acute oral 14-day LD50 (95% FI)for fenthion was 644 (511-811)
[males], for TEPP was 79.4 (35.3-178) [males], for dimethoate were
1,459 (1,176-1,810) [males] and 1,528 (1,275-1,831) [females], and for
malathion were 1,829 (1,480-2,259) [males] and 1,672 (1,280-2,183)
[females] mg a.s./Kg bw, respectively. The acute oral 14-day NOEL and
LOEL values representing secondary endpoints for fenthion, TEPP,
dimethoate, and malathion were 500 and 700 (males), 0 and 10 (males),
750 and 1,013 (both genders), and 670 and 1,030 (both genders) mg a.s./
Kg bw. Based on the results of these studies, the methodology involved
in the acute oral gavage administration of test items to terrestrial-phase
amphibians is demonstrated as being a practicable method of providing
more species specific LD50 data and therefore reducing the need for reliance on less relevant avian data.
631 Toxicity of Pyraclostrobin Fungicides to Terrestrial Amphibians
P.W. Cusaac, Oklahoma State Univ / Integrative Biology; W.H. Mimbs,
Oklahoma State Univ / Zoology; S.A. Morrison, Integrative Biology; J.B.
Belden, L.M. Smith, S.T. McMurry, Oklahoma State Univ / Integrative
Biology
Previous studies have demonstrated that pyraclostrobin-based fungicides used in row crop agriculture are toxic to some amphibians at
environmentally relevant concentrations. However, it is unknown if all
pyraclostrobin-based formulations have similar toxicity to amphibians
or how toxicity compares among multiple species of amphibian. Often
fungicides are applied aerially to crops, and previous studies mimicked
a worst-case exposure scenario of direct overspray. Amphibians in crop
fields can be exposed to fungicides through multiple pathways, such as
direct spray, indirectly on previously sprayed soil, and by consuming contaminated prey. Thus, we investigated the acute toxicity of the fungicides
Headline® and Headline AMP® (active ingredient, or ‘a.i.’ = pyraclostrobin; BASF) to Blanchard’s cricket frogs (Acris blanchardi) via direct
overspray, as well as body residues of fungicide active ingredients following direct exposure to Headline AMP®. Additionally, we investigated
the acute toxicity of Headline AMP® to juvenile Great Plains toads
(Anaxyrus cognatus) through direct spray, through exposure on previously
sprayed soils (from Texas and Nebraska, USA) with different texture
classes and carbon contents, and by dietary exposure. Direct overspray
with Headline® and Headline AMP® was acutely toxic to A. blanchardi
at environmentally relevant concentrations (LC50 = 2.1 and 1.7 µg a.i./
cm2, respectively), but body residues of Headline AMP® active ingredients were lower than predicted based on full uptake of a direct dose.
Exposures of juvenile A. cognatus to Headline AMP® via direct spray and
previously treated TX and NE soils resulted in significant toxicity (LC50
= 2.4, 3.34 and 3.61 µg a.i./cm2, respectively), but at environmentally
unrealistic concentrations (e.g., the maximum application rate in North
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American corn is 1.52 µg a.i./cm2). Additionally, dietary exposure to the
fungicide did not cause observable toxicity. Therefore, routine application
of Headline® and Headline AMP® may be a threat to some cropland
amphibians, though risk appears to vary among species and exposure
scenarios. Indeed, these data are for isolated exposures, and in the field
animals may experience exposure through multiple simultaneous routes.
In addition, various pyraclostrobin-based fungicides are applied at different rates and crop growth stages, which may influence exposure and
effects. These factors will be discussed relative to our results.
632 Using the first “true frog” genome for the evaluation of environmental contaminant effects on amphibia
C.C. Helbing, Univ of Victoria / Dept of Biochemistry Microbiology; I. Birol,
BC Genome Sciences Centre; G.C. van Aggelen, Environment Canada /
Toxicology; M. Lesperance, Univ of Victoria / Mathematics and Statistics;
A. Hammond, Univ of Victoria / Biochemistry and Microbiology; E. Kucuk,
B. Behsaz, BC Genome Sciences Centre; N. Veldhoen, Univ of Victoria;
R. Miliano, Environment Canada; L.L. Brown, Environment Canada /
Toxicology
Amphibia are harbingers of environmental status and surrogates for
human health, yet there is a great paucity of information available for
their use in risk assessments, or in evaluating contamination, mitigation,
and cleanup efforts. The Ranidae, or “true frogs”, comprise the largest anuran family and its representatives span the globe. In an effort to
effectively utilize gene expression as indicators of adverse outcomes, we
have been actively generating molecular resources for amphibian species.
Herein we report completion of the first “true frog” genome from the
North American bullfrog (Lithobates (Rana) catesbeiana) and compare
this to the genomes representing common laboratory frogs of the Pipidae
family. Bullfrog tadpoles were exposed to thyroid hormones, estrogen,
or a cocktail containing a mixture of pharmaceuticals and personal care
products that are commonly found in municipal wastewater. RNAseq and qPCR analyses were performed on select target tissues using
information gained from our genome cross-validated with de novo
assembled transcripts. Changes in biomolecule abundance and their
linkage to adverse developmental outcomes will be presented. De novo
assembly of transcripts proved to be an invaluable and economical source
of information for genome validation, but is also a significant enabler for
species that do not have an available genome. Both de novo transcript
and genome assembly pipelines can be readily applied to any species with
a complex genome.
633 In search of physiological and behavioral patterns in snakes during chemical exposure
L.A. Neuman-Lee, S.S. French, Utah State Univ / Dept of Biology
Ecotoxicological research on reptilian species has remained sparse when
compared to most other taxa. Likely due to logistical constraints, such as
long life-span, low population densities, and relatively fewer offspring,
reptile ecotoxicology remains understudied. Valuable tools in advancing this field should include minimally invasive and rapid indicators of
physiological and behavioral changes to exposure that can be related to
ultimate survival and fitness. To this end, we conducted three experiments with male gartersnakes (Thamnophis sirtalis and T. elegans). Using
three different chemicals (polybrominated diphenyl ether-47, indoxacarb,
and the naturally occurring tetrodotoxin), we examined the stress and
innate immune function and antipredator behavior. In the first experiment, we examined three concentrations of flame retardant BDE-47 and
took blood samples at 2 hours, 2 days, and 6 days post-exposure. Dosage
did affect bactericidal ability, but levels of corticosterone (CORT) and
antipredator behavior remained similar across all treatment groups. In
our second experiment, snakes were dosed with the pesticide indoxacarb.
Again, only bactericidal ability was affected while CORT and antipredator behavior remained the same. Finally, when snakes were dosed
with tetrodotoxin in the third experiment, there were no changes in
any parameter measured. From these three experiments with disparate
chemicals, it appears that bactericidal ability may prove useful for detecting contaminant effects in reptiles, although they do not necessarily elicit
predictable stress or antipredator responses in this species.

634 How coal combustion waste influences phenotypic variation of an
amphibian through genetic and maternal effects
R.W. Flynn, Univ of Georgia - Savannah River Ecology Laboratory /
Savannah River Ecology Laboratory; A. Welch, College of Charleston; S.L.
Lance, Univ of Georgia / Savannah River Ecology Laboratory
Anthropogenic modifications to the environment can cause adaptive
evolution in populations via natural selection. This adaptive evolution
can lead to phenotypic and genetic divergence of populations. Often,
amphibians and other wildlife, are exposed to aquatic contamination
in constructed treatment wetlands and settling basins. In particular,
settling basins designed to collect coal combustion wastes (CCW)
are common globally and provide a permanent source of water that
is attractive to amphibians, but contain toxic levels of trace elements.
Earlier work has suggested that a population of southern toads (Anaxyrus
terrestris), resident at a CCW settling basin, is phenotypically divergent
from a nearby population in a natural wetland with no history of CCW
exposure. Our research objective was to assess the relative contributions
of genetic and maternal variation to the phenotypic divergence of these
populations, as well as assess how CCW exposure influences fitness
related traits. We used a reciprocal transplant study with a quantitative
genetic breeding design to parse out the relative influences of additive
genetic variation, non-additive genetic variation, maternal effects, and
the environment on the life history traits of two populations of southern
toads, one with and one without a history of CCW exposure. In both
populations there were small amounts of additive genetic variation for
phenotypic traits, which corresponded with very low to not-differentfrom-zero heritability (0–0.04) for life history traits and low to moderate
heritability (0.11–0.28) for morphological traits. Maternal effects
explained a significant amount of the phenotypic variation in early development, but decreased to near zero by metamorphosis. We also observed
strong effects due to dominance, particularly for life history traits
(0.21–0.36). Preliminary analysis suggests that additive and non-additive
genetic components do not differ significantly between populations for
the traits measured. Our study is the first to report estimates of causal
genetic components underlying life history and morphological traits in
the widespread North American genus Anaxyrus and provides insight
into how anthropogenically disturbed habitats can alter the expression
and evolution of phenotypic traits.
635 Understanding the population-level consequences of copper toxicity and climate variability on amphibians inhabiting contaminated
environments
S.M. Weir, D.E. Scott, Univ of Georgia / Savannah River Ecology
Laboratory; C.J. Salice, Towson Univ / Biological Sciences Environmental
Science; S.L. Lance, Univ of Georgia / Savannah River Ecology Laboratory
A great deal of amphibian ecotoxicity data has been generated in the
last 15 years, with excellent insights obtained from both laboratory and
mesocosm studies. In wild populations, however, a single instance of
exposure to lethal or sublethal levels will not necessarily translate into
population-level declines. A powerful tool to investigate the populationlevel consequences of contaminant toxicity is to incorporate the toxicity
data into population models. Here we present a stochastic matrix population model for frogs inhabiting a copper-contaminated environment. We
parameterize the model with published demographic data available for
the southern leopard frog (Lithobates sphenocephalus) and other anuran
species when southern leopard frog data were not available. We used
laboratory-generated toxicity data to inform adjustments to survival
parameters for embryos and larvae in the model. We investigated a range
of copper concentrations that correspond to laboratory data. We also
incorporated catastrophic reproductive failure (CRF) which has previously been shown to be important for amphibian population persistence.
Our results suggest that copper toxicity in the absence of CRF has little
impact on population persistence. High probabilities of CRF resulted
in extinction for all simulations, which has been reported previously
and is quickly coming to consensus. However, an important interaction
was found in which copper toxicity significantly raised the probability
of quasi-extinction at low CRF probabilities. Future research efforts

SETAC North America 36th Annual Meeting | 171

THURSDAY PLATFORM ABSTRACTS
include modeling additional species (and associated copper toxicity)
while also adopting a metapopulation approach to model a landscape of
wetlands that vary in failure probabilities and copper contamination.
636 Using mercury concentration, age class and DNA methylation
for population health modeling in the American alligator (Alligator
mississippiensis)
F. Nilsen, NIST MUSC / Environmental Chemical Sciences Division; B.B.
Parrott, Medical Univ of South Carolina; J.A. Bowden, National Inst of
Standards and Technology / Environmental Chemical Sciences Division;
T.R. Rainwater, Dept of Obstetrics and Gynecology Hollings Marine
Laboratory; M. Guillette, Medical Univ of South Carolina; J.E. Dorsey,
Univ of Miami; P.M. Wilkinson, South Carolina Dept of Natural Resources;
T.R. Lange, A.M. Brunell, Florida Fish and Wildlife Conservation
Commission; S.E. Long, National Inst of Standards and Technology /
Analytical Chemistry Division; L.J. Guillette, Medical Univ of South
Carolina / Marine Biomedicine and Environmental Sciences OBYGYN
Mercury is a toxic global pollutant impacting a wide variety of ecosystems across the planet. The unique wetland ecosystems of the
southeastern United States, particularly the southern Atlantic coast,
have had historic mercury contamination problems. High concentrations of mercury have accumulated in a variety of the top predators in
this ecosystem, and posed a human health risk if consumed. The main
source of mercury is atmospheric deposition, which makes it hard to
predict changes in exposure or changes in deposition rates. Annual
monitoring takes place, however without a physiological measurement
to accompany the contaminant measurements, or a predictive model
that utilizes annual measurements to assess the rest of the population,
the effort expended for annual monitoring goes underutilized. DNA
methylation is a commonly measured epigenetic modification that is
often associated with the natural process of aging as well as advanced
disease states. DNA methylation loss is also associated with exposure to
environmental contaminants. We demonstrate the relationship between
mercury concentration and DNA methylation status across several age
classes in the American alligator and propose the utility of this physiological metric in population health assessment. We also determine the
mathematical relationship between putative mothers and their eggs for
the vertical transmission of mercury and suggest the use of this relationship in predicting overall quality of the hatchlings of the year. Using
the measurements demonstrated in this study, a more comprehensive
assessment of the health of a population can be made, as well as wider
inferences based on mercury value, such as estrogen receptor expression
and metabolomic changes that can influence fitness and survival in the
environment. Utilization of this model can lead to more comprehensive
monitoring efforts and a greater understanding of how mercury contamination affects these reptilian sentinels.

Environmental Risk Assessment of Veterinary
Pharmaceuticals
637 New developments in the environmental risk assessment of veterinary medicinal products in the EU
S. Hickmann
Since 2005, the environmental risk assessment of all new veterinary
medicinal products in the EU is performed according to VICH guidelines. These guidelines provide guidance for which types of products
experimental testing is considered necessary and which OECD tests
have to be conducted in Phase II. Practical experience with the assessments showed that additional guidance is needed to address specific
issues. As a result, the European Medicines Agency has published
several documents to address topics not covered by the VICH guidelines, for example on how to model the exposure of the environment to
veterinary medicinal products for European scenarios. Other documents
published provide guidance on higher tier testing, e.g. on tests on transformation in manure or on the testing strategy for plants. For veterinary
medicinal products which pose a risk to the environment considerations
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on the risk management were published in a reflection paper on risk
mitigation measures. A recent guidance document explains how to perform the assessment of persistent, bioaccumulative and toxic (PBT) or
very persistent and very bioaccumulative (vPvB) substances in veterinary
medicinal products, based on the relevant OECD studies provided in
the dossiers. Research and discussions are ongoing in terms of higher
tier testing for parasiticides, plant tests with modified exposure scenarios
and the assessment of veterinary medicines in groundwater. A testing
strategy also needs to be developed for those substances which may pose
a risk to the environment already at concentrations below the respective
action limit for Phase II testing, e.g. hormones. An upcoming challenge is the regulatory assessment of how antimicrobial resistance genes
are disseminated in the environment and the role of antibiotics in that
process. The currently ongoing review of the veterinary legislation in the
European Union also provides an opportunity to implement a system for
an environmental risk assessment of existing substances which came on
the market before 2005. The presentation will provide an overview of the
recent developments in the environmental risk assessment of veterinary
medicinal products in the EU.
638 ‘Benign by design’ testing of chemicals by means of simple STP/
UW modeling
D. van de Meent, RIVM / DMG; T. Breure, RIVM Bilthoven / DMG; E.
Van der Grinten, RIVM; J. Struijs, Radoud Univ Nijmegen; R. Van Zelm,
Radboud Univ
A ‘benign by design’ testing module for to-be-marked chemical substances has been developed by combining the a renewed version of the
EU/REACh water treatment model SimpleTreat with the Unit World
model for environmental exposure assessment. The module computes
so-called ‘exposure potentials’ of chemical substances from (i) foreseen
use- and disposal practices, (ii) waste water treatment operation conditions, and (iii) physical and chemical substance properties. ‘Exposure
potential’ expresses amount (mass) of chemical in air, water and soil,
per unit of release rate (mass/time); it is the same as ‘environmental fate
factor’ as used in life cycle impact assessment of products and services.
Combined with known or estimated actual release rates and known
or estimated toxicities, ‘exposure potentials’ reflect the ‘fate’ aspects
environmental risks of chemical. The tool was designed originally for
screening-level environmental risk assessment of chemical substances
used in households, which are generally released with sewage treatment effluents. It has now been redesigned and extended to serve the
purpose of pre-market testing of new pharmaceuticals for environmental
friendliness. How much of a new chemical can be marketed/used safely,
given the expected use and inevitable release to sewage systems and a
priori knowledge of the environmental behavior during and after sewage
treatment? Which factors contribute most? Which factors can be chosen
or influenced? How can one know at the stage of ‘design’ how ‘benign’ a
chemical is? The module has been validated with measurements of a suite
of pharmaceuticals in influents and effluents of water treatment facilities,
obtained from the European INTERREG research program NoPILLS,
aimed at reducing exposure of ecosystems from human and veterinary
pharmaceuticals.
639 Estimation of veterinary drug concentrations in Canadian soils:
Do the PECs MEC Sense?
S. Kullik, A.M. Belknap, Health Canada / Environmental Impact Initiative
Division
Veterinary drugs administered to food animals primarily enter ecosystems through the application of livestock waste to agricultural land. A
means to predict environmental concentrations of veterinary drugs in soil
(PECsoil) is an important component of a directed testing approach for
environmental assessment of veterinary medicinal ingredients (VMIs).
A science-based and transparent methodology to calculate PECsoils for
Canada, based on an approach used by the European Medicines Agency
under VICH, has recently been developed. To validate the conceptual
basis of the PECsoil approach and the newly developed Canadian production categories and defaults, measured environmental concentrations
(MECs) of VMIs in agricultural soils from 24 North American and
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European studies were compared with PECsoil values calculated with
the appropriate defaults for the respective region. A total of 51 MECs for
16 different VMIs commonly used in pig, poultry and cattle production were included in this analysis. PECsoils were refined and compared
to a subset of MECs from North American agricultural soils that had
received applications of pig manure. Refinements took into account
target animal metabolism, degradation during manure storage and
pork production practices. Comparison of PECsoil values with MECs
demonstrates that the Canadian and European PECsoil models provide
conservative screening level estimates for environmental exposure assessments of VMIs. The results of this study will be presented in the context
of differences in production systems and manure management practices
for cattle, swine and poultry in Canada and internationally.
640 Environmental Photochemistry of Altrenogest
K.H. Wammer, K.C. Anderson, Univ of St. Thomas / Dept of Chemistry;
P.R. Erickson, S. Kliegman, K. McNeill, ETH Zurich / Inst of
Biogeochemistry and Pollutant Dynamics; D. Martinovic-Weigelt, Univ of
St. Thomas / Dept of Biology; D.M. Cwiertny, Univ of Iowa / Dept of Civil
and Environmental Engineering; E.P. Kolodziej, Univ of Washington
Altrenogest (17-alpha-allyl-17-beta-hydroxyestra-4,9,11-trien-3-one)
is a potent synthetic progestin used in veterinary medicine. Although
altrenogest is excreted primarily in an unmetabolized form, there is no
literature documenting its environmental fate. Based on the behavior
of other conjugated triene steroids, photochemistry is likely to play an
important role in sunlit surface waters. Previous work on metabolites of
the anabolic growth promoter trenbolone acetate has shown the importance of photolysis for these structurally related compounds, including
the surprising result that photohydration products are subject to thermal
dehydration even under ambient conditions, which can lead to reversion to the parent molecule. In the present study, the photochemical fate
of altrenogest was evaluated under environmentally relevant conditions using a solar simulator. It was determined that direct photolysis is
extremely efficient and rapid, with a quantum yield of 0.4 and a half-life
on the order of 20-30 seconds under ambient conditions. Photolysis
rate is not significantly affected by changes in pH or temperature but
is strongly impacted by the presence of oxygen. NMR and UV-visible
spectroscopy were used to identify the primary photoproduct of altrenogest as an isomer formed via an internal 2+2 cycloaddition reaction.
The triplet lifetime and rate constant of the 2+2 cycloaddition reaction
were obtained by transient absorption spectroscopy. Characterization
of other products with mass spectrometry led to the determination that
this primary photoproduct undergoes photohydration to form photostable secondary products. Some of these secondary photoproducts are
subject to dehydration in dark conditions, which can lead to re-formation
of the primary photoproduct on a time scale of hours to days, with the
hydration and dehydration repeatable over several light/dark cycles. This
thermal dehydration reaction is sensitive to solution conditions that
do not influence altrenogest photolysis rate; reversion to the primary
photoproduct happens more rapidly at higher temperatures and at both
high and low pH values. MDA-Kb2 androgen-responsive cell assays
were used to assess androgenic activity of altrenogest and its photoproducts. Some of the photoproducts retain significant androgenic activity,
which has implications for risk assessment associated with the presence
of altrenogest and its photoproducts in the environment.
641 Environmental fate of trenbolone acetate metabolites: Recent
progress and remaining challenges posed by bioactive transformation
products
D.M. Cwiertny, Univ of Iowa / Dept of Civil and Environmental
Engineering; E.P. Kolodziej, Univ of Washington Tacoma/Seattle /
Center for Urban Waters Interdisciplinary Arts and Sciences Civil and
Environmental Engineering
Here, we explore the environmental fate and persistence of the major
known metabolites of trenbolone acetate (TBA), a synthetic growth
promoter used in animal agriculture and a suspected endocrine disrupting compound due to its potency. We focus on recent advances in our
understanding of their natural transformation pathways in aquatic and

soil systems including photolysis, mineral-promoted reaction pathways,
and biotransformation, with a particular emphasis on the identification
and ecological implications of their bioactive transformation products.
Remaining challenges in environmental assessment pertain to the identification of as yet unidentified TBA metabolites and unique products
resulting from underappreciated environmental transformation processes,
both of which likely contribute to mixture bioactivity in agriculturally
impacted receiving waters. Results from this ongoing work will help to
better assess the likely ecosystem hazards associated with the continued
use of synthetic growth promoters in animal agriculture amid changing
global trends in meat production, population and climate.
642 Approach to the Environmental Risk Assessment for a Cattle
Implant Containing Estradiol and Trenbolone
E.M. Silberhorn, US Food and Drug Administration / Environmental
Safety Team; H. Zahner, USFDA / Center for Veterinary Medicine
As part of the pre-market approval process for new animal drugs, the
U.S. Food and Drug Administration (USFDA), Center for Veterinary
Medicine (CVM), evaluates whether significant environmental impacts
would occur pursuant to the National Environmental Policy Act
(NEPA). Under USFDA regulations, many agency actions, including
the approval of new animal drug applications, may require the preparation of an environmental assessment (EA). An EA is a science-based risk
analysis that typically includes environmental fate, exposure, and effects
data, as well as a risk characterization(s) based on the ratio of exposure
to effects concentrations for the drug (and sometimes also its metabolites) in various environmental compartments (e.g., soil, water). In 2014,
USFDA’s CVM made publicly available a complex EA prepared by
Zoetis Inc. in support of the approval a growth promoting implant used
in beef steers and heifers that contains estradiol benzoate (EB) and trenbolone acetate (TBA) (SYNOVEX ONE). Estradiol and trenbolone are
sex steroid hormones that have been reported to cause endocrine disrupting effects in fish and amphibians, such as adverse effects on development
and reproduction, at very low environmental concentrations (ng/L
range). The EA for SYNOVEX ONE thus focused on aquatic life as the
receptors of concern. The EA contains a risk assessment that utilized
novel approaches to assess the potential environmental impacts of the
primary metabolites of EB (including 17α-E2, 17β-E2, and estrone) and
TBA (including 17α-E2, 17β-E2, and estrone), such as the development
of advance computer modeling to conduct a watershed-scale exposure
assessment using multiple sites in the US representing areas of high
cattle density and potential transport, thus protective of other production
areas. This presentation will provide a background on USFDA CVM’s
NEPA process and a high-level overview of the EA for EB and TBA,
including general principles and approaches used in this risk assessment.
This is the first presentation of several that will detail and discuss the
approaches used in the problem formulation, exposure assessment, effects
assessment, and risk characterization for this EA.
643 Expanding our knowledge of exposure as part of the
Environmental Assessment for a veterinary medicine
C.M. Holmes, I. Khanijo, J. Amos, A. Ritter, M. Cheplick, W. Williams,
Waterborne Environmental, Inc.; J.A. Robinson, Zoetis / Metabolim and
Safety
The US Food and Drug Administration (USFDA), Center for Veterinary
Medicine (CVM), evaluates whether significant environmental impacts
would occur with the approval of new animal drugs pursuant to the
National Environmental Policy Act (NEPA). The approval process may
require the preparation of an environmental assessment (EA), which
contains sections addressing problem formulation, environmental fate,
exposure, effects and risk characterization. Using a recent EA as a framework, this presentation will focus on the refinement of environmental
exposure estimates (i.e., Predicted Environmental Concentrations, or
PECs) using spatial techniques to identify representative and protective
environmental scenarios for the use of this product, and link them to
exposure models commonly used in the US Environmental Protection
Agency (USEPA) pesticide registration process. A Geographic
Information System (GIS) was used to identify regions of high versus
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low exposure potential across the US based on beef cattle characteristics
and climatic conditions. From within each region, a single vulnerable
watershed was selected and characterized for watershed-scale modeling.
This process of watershed selection places exposure results into national
context and promotes confidence that they are representative of realistic
intense-use scenarios protective of other U.S. beef regions. Watershed
scale exposure modeling for surface water was conducted following the
USEPA Tier-2 drinking water pesticide exposure modeling approach.
Three potential sources of chemical were modeled: feedlots, agricultural
fields applied with manure collected from the feedlots, and pasture.
Runoff and erosion inputs to surface water from these sources were modeled over a 30-year timeframe to produce final PECs suitable for use in
the effects portion of the EA. The framework, methodology, results and
lessons learned will be presented as part of this platform.
644 Analysis of Environmental Effects and Potential Risks due to a
Cattle Implant Containing Estradiol and Trenbolone
H. Zahner, USFDA / Center for Veterinary Medicine; E.M. Silberhorn, US
Food and Drug Administration / Environmental Safety Team
Under the National Environmental Policy Act (NEPA), the U.S. Food
and Drug Administration’s (FDA) Center for Veterinary Medicine
(CVM) evaluates the potential environmental impacts of animal drugs
in environmental assessments (EAs) that are prepared prior to drug
approval. In a series of presentations, an EA prepared by Zoetis Inc. for
the approval of SYNOVEX ONE, a growth promoting implant for beef
steers and heifers that contains estradiol benzoate (EB) and trenbolone
acetate (TBA) will be discussed in detail. This EA is a science-based
risk analysis that includes environmental fate, exposure, and effects
data, as well as a risk analysis based on a comparison of exposure and
effects concentrations. This presentation will discuss the approaches
used in the effects assessment and risk characterization, as well as the
key information used to make the ultimate regulatory decision. The risk
characterization utilized the traditional risk quotient (RQ ) method
that compares the predicted environmental concentration (PEC) to the
predicted no effects concentration (PNEC), but was based on a probabilistic exposure assessment. The PEC values for estradiol and trenbolone
in surface water were estimated using advanced environmental fate
modeling on a farm- and watershed-scale over a 30-year period, which
will detailed in other presentations in this session. The effects assessment
utilized both published peer reviewed literature and newly generated data
to derive predicted no effects concentrations (PNECs) for the primary
metabolites of EB (including 17β-E2 and 17α-E2) and TBA (including
17β-TB and 17α-TB). Estradiol and trenbolone are sex steroid hormones
that have been reported to cause endocrine disrupting effects in fish and
amphibians; therefore, in order to protect the population, the primary
endpoint of concern was adverse effects on fish reproductive endpoints,
including fecundity, fertility, and hatching success. Hundreds of RQ
values (PEC/PNEC) for estradiol and trenbolone were generated for
56 farm-scale and 10 watershed-scale scenarios (consisting of runoff
from feedlots, cropland, and pastureland). Based on these RQ values
and the many conservative assumptions and analyses in the EA, CVM
determined that no significant impacts to the environment are expected
from the labeled use of SYNOVEX ONE, and CVM prepared a NEPA
decision-making document known as a finding of no significant impact
(FONSI).

Sustainability Metrics: LCA and Beyond
645 LCA: Leading to a decrease in the use of natural resources
W. Motta, IBICT / Information Science Post-Graduation Program
Contemporary society still has much of its economic development based
on the extraction and consumption of natural resources. Industrial
production, which uses these resources, in turn, has caused negative
impacts on the environment, not only because of the increasing amount
produced, but also due to the product designs and manufacturing processes that do not take into account these impacts. Some proposals have
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emerged to manage environmental issues in industry reflecting the major
awareness about the finiteness of natural resources, as well as the negative effects of pollution and environmental degradation. Both aspects are
primarily driven by the development of industries and society patterns
of consumption. The concern about the ecological crisis led to a new idea
in an unlimited growth of larger environmental impacts, i.e., a more
sustainable economy requires an absolute reduction in the use of natural
resources on a global level. The decoupling formulation means a reduction in the rate of use of primary resources per unit of economic activity.
This dematerialization is based on less use of material resources, energy,
water and land, generating the same amount of economic output. Within
this context, among the new proposals for sustainable development,
the life cycle assessment (LCA) methodology has been very accepted
as a way to address this central problem, through the assessment of the
environmental impacts associated with all stages of a product’s life,
considering the extraction of natural resources, transport, production
process, consumption and disposal of products (waste). Being one of the
most comprehensive proposals, trying to present the best alternatives for
the environmental preservation. This methodology can solve or at least
reduce environmental problems, minimizing the environmental impact
of a product and productive activity, helping to reduce the consumption of natural resources and the generation of waste. This study aims
to discuss the role of LCA as a fomenter of different eco-efficient ways
to produce. The discussion is conducted taking into consideration the
decoupling proposal.
646 Beyond GDP – National accounting in the age of resource
depletion
M. Carbajales-Dale, Clemson Univ / EEES
Society is entering a new era in which biophysical limits related to
natural resource extraction rates and the biosphere’s waste assimilation capacity are becoming binding constraints on global economies.
Unfortunately, the data needed for policy-makers to understand and
manage economic growth in this new era are not universally available.
All stakeholders need a new way to understand our economy in the
context of the biosphere’s ability to provide essential natural capital,
and we suggest that detailed information about stocks and flows of
both materials and energy should be routinely gathered, analyzed, and
disseminated from a centralized location. The framework presented
extends the Input-Output (I-O) techniques first developed by Leontief
and others to account for such stocks and flows. This data would provide
markets and policymakers with a more comprehensive understanding
of the biophysical economy. Implications from the new framework are
discussed, including the value of economic metrics for policy-making, a
re-assessment of the concept of economic “growth,” and an evaluation of
recycling, reuse, and dematerialization. The framework also provides an
opportunity to assess an array of definitions for Daly’s “steady-state economy” in relation to the ideal of a sustainable economy. The presentation
ends with a list of steps to be taken in creating a more comprehensive
system of national accounts:
647 LCA and its application on the path to circular economy
W. Motta, IBICT / Information Science Post-Graduation Program
Ecological crisis is directly related to climate change, depletion of natural
resources, high generation of waste and so on. Since the industrial
revolution, natural resource use and waste had constantly grown. This is
because our economies have used a “take-make-consume and dispose”
pattern of growth – a linear model which assumes that resources are
abundant, available and cheap to dispose of. It is proposed a more circular economy, this means re-using, repairing, refurbishing and
recycling existing materials and products. What is sought is that the raw
material used in the product has other “lives” in other new products. The
aim is to look beyond waste and to close the loop of the circular economy.
All resources need to be managed more efficiently throughout their life
cycle. This new industrial practices is a necessary condition to confront
this ecological crisis. And to help leading to this, new proposals have
emerged, specially the life cycle assessment (LCA) methodology. This
tool has been increasingly accepted as a way to assess the environmental
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impacts associated with all stages of a product’s life. It encompasses the
entire production chain: the extraction of natural resources, transport,
production process, consumption and disposal of products (waste).
Conducting these proposals there is the decoupling – considered as a
proposal to reduce the material consumption in the production of the
same amount of goods and services – is discussed in this paper, alongside
with the use of LCA and the ways to come to the circular economy. The
discussions underline the need of understanding and integrating these
three axes of knowledge, considering the huge potential to provide new
means to overcome the ecological crisis. This bibliographical study, seeks
to present the LCA and the path to the circular economy, as ways to
contribute to the reduction of environmental impacts and resources consumption, still seeking to relate these two approaches with the proposed
decoupling.
648 Development of Environmental and Social Life Cycle Metrics
through the World Business Council for Sustainable Development
B. Satterfield, Eastman Chemical Company; Y. Appling, Eastman Chemical
Co
Eastman Chemical Company is a member of the World Business
Council for Sustainable Development (WBCSD) Chemical Sector
Working Group. Through the WBCSD chemical sector partnership,
our life cycle assessment (LCA) team has contributed to the development of two published guidance documents to harmonize life cycle
assessment methodology across value chains. The first, Addressing the
Avoided Emissions Challenge, was developed with the International
Council of Chemical Associations and released in 2013. This guidance
examines how to calculate and properly assign the avoided emissions of
a reduced-footprint product to different actors in the value chain. The
second, released in 2014, is a comprehensive guidance for environmental
Life Cycle Metrics for Chemical Products. The Eastman LCA team is
currently involved in a WBCSD effort to develop metrics to evaluate the
social performance of chemical products in their application. The goal of
this presentation is to provide an overview of recent and current efforts
within the WBCSD to strengthen the life cycle impact evaluation of
chemical products. This presentation should serve as a primer to raise the
level of understanding and communication about existing and upcoming
chemical and life cycle evaluation practices.
649 Life-Cycle Case Study Comparison of Various Remediation
Technologies at the Geneva Industries Superfund Site
V. Yassinskiy, C.C. Zhang, Univ of Houston Clear Lake / Dept of
Environmental Sciences
A comprehensive integrated decision-making framework for the development of sustainable soil and groundwater remediation is essential. The
USEPA has established a qualitative matrix for the screening of various
site remediation technologies based on development status, cost and
performance; however, a life-cycle thinking and a quantitative evaluation
of incorporating sustainability into contaminant remediation is currently
not available. A limited number of case studies have been conducted to
date on the use of Life Cycle Assessment (LCA) for the evaluation of
sustainability of contaminated soil and groundwater remediation. These
studies have generally supported the usability of LCA but also pointed
to the methodological flaws and other issues related to the complex
remediation systems which hamper the use of LCA by practitioners
and for decision-makers to ultimately incorporate sustainable strategies
into soil and groundwater remediation. We have employed openLCA
software and European Reference Life Cycle Database (ELCD) to
examine past, on-going, and alternative remediation scenarios on the
Geneva Industries Superfund site, Houston, Texas, including remote
landfill, protective cap, slurry wall, continuous pump-and-treat (P&T),
pulsed P&T and monitored natural attenuation (MNA). LCA results
revealed that remote landfill was more sustainable than local incineration
but the slurry wall already in place was the least sustainable subsystem
with its construction materials contributed over 98% in most impact
categories. LCA results also indicate that future remediation should
adopt pulsed P&T scheme in lieu of continuous P&T, whereas MNA
can replace P&T if a long-term 30-year remediation is permitted at

the site. In line with several reported studies, we concluded that current LCA methodology tends to favor less invasive but longer remedial
options, and overestimate the secondary environmental impacts associated with material and energy such as clay, PVC, cement and diesel. We
recommend that the direct benefits of reduced primary environmental
impact at the local level, which is the true driver for the implementation
of sustainable remediation, should be stressed. More importantly, the
weighted assessment should consider the balance among local (human
health and ecological systems, resource use, land and water use), regional
(acidification) and global (climate change) level impacts, and these will
be highlighted in this presentation.
650 Modeling Approaches to Explore Food System Regionalization as
a Sustainability Strategy
N. Tichenor, T. Griffin, C. Peters, Z. Conrad, Tufts Univ / Friedman
School of Nutrition Science and Policy; E. Hill, Univ of Rochester Medical
Center / Dept of Public Health Sciences; M. Gomez, Cornell Univ / Charles
H Dyson School of Applied Economics and Management; G. Norris,
Harvard School of Public Health / Sustainability and Health Initiative for
NetPositive Enterprise SHINE; X. He, Cornell Univ / School of Civil and
Environmental Engineering
The large-scale ecological impacts of food production, particularly of
animal proteins, are paired with increased global demand for these
products. At the same time, food production is increasingly vulnerable to
climate-related disruption and natural resource constraints, particularly
when farming systems are highly geographically centralized. This centralization of intensive production also exacerbates local environmental
burdens. Holistic approaches are needed to address these interconnected
challenges and improve food system environmental, social and economic
sustainability. Developing robust regional-scale food systems may be
such an approach. Regional systems may provide opportunities to tighten
feedback loops and increase system resilience to shocks. We present
our work on beef systems in the Northeastern U.S. as a case example
of holistic assessment of regionalization as a sustainability strategy. We
combine three methods to analyze current regional carrying capacity,
environmental impact, and supply chain cost dynamics of beef systems.
First, we quantify regional-self reliance of beef, the degree to which current production can satisfy current consumption patterns. To do this, we
utilize US Dept of Agriculture data on regional production of livestock
feed and consumption of livestock products, and a life cycle livestock
feed requirements model. Second, we conduct life cycle assessments of
Northeast grass-fed and dairy-sourced beef systems. We focus on these
“alternative” systems for multiple reasons. There is a vibrant dairy sector
in the Northeast, and beef produced from this system may have substantially lower environmental costs due to multi-functionality (i.e., milk and
meat outputs). For grass-fed beef, regional entrepreneurs and investors are interested in expanding this sector to meet growing consumer
demand. However, the environmental implications of these systems
are unclear. Finally, we use spatially-explicit optimization modeling to
simulate how supply and demand-side shocks may affect costs within
beef supply chains and across geographies. Analyzing how cost distributions may shift within supply chains facilitates improved targeting of
investment and policy interventions. Together, this suite of analyses will
provide planners, investors and policymakers with foundational insights
needed to consider food system regionalization as a sustainability
strategy.
651 Customer Impact Product Profile: A platform for product sustainability assessment
X. Yang, M.G. Muellner, Nalco, An Ecolab Company / Regulatory Affairs;
L. Olson, Nalco, An Ecolab Company / Sustainability
Customer Impact Product Profile (CIPP) is a matrix/platform to define
and evaluate the sustainability of our offerings and is a way to embed
product responsibility into development process. The presentation will
introduce our most current sustainability assessment platform (CIPP)
and discuss the potential impact in guiding our global product sustainability and green chemistry. We have developed this platform to better
assess product sustainability, taking into account a wide array of aspects,
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including product ingredient regulatory review, human health concern
(specific target organ toxicity, endocrine disruption, oral/dermal toxicity,
etc.), and environmental concern (biodegradability, bioaccumulation,
toxicity, etc.). In addition, we also considered the potential energy/water
consumption, material compatibility and waste generation in the platform. This platform is designed to be in alignment with product lifecycle
impact analysis and our product stewardship assessment. To illustrate,
product lifecycle includes sourcing, use and end of life. For sourcing,
we evaluate regulations/policy related to product ingredient; for use, we
evaluate the potential human/environmental risks and industry norms;
for end of life, we evaluated environmental fate/transport, recyclability,
compatibility, waste generation and water/energy consumption, etc.
652 Dynamic LCA model for air quality impacts in a regional energy
conservation district
W. Collinge, M. Bilec, Univ of Pittsburgh / Civil and Environmental
Engineering
A bottom-up strategy for greenhouse gas (GHG) reductions in the US
is to apply energy conservation and emissions reductions in a specific
geographic locale. We have chosen the term, Energy Conservation
Districts (ECDs), to describe such an initiative. ECDs can take advantage of district heating and cooling or combined heat and power (CHP)
systems, or simply the existence of willing partners (e.g., businesses,
non-profit organizations, and local governments) in a specific area. One
example of an ECD is the Pittsburgh 2030 District, one of 12 ECDs
nationwide applying the 2030 Challenge goals of 50% reductions in
existing building energy use and transportation CO2 emissions on a
district basis (www.architecture2030.org). Unique among the 2030
Districts, Pittsburgh 2030 has established an additional goal of Indoor
Air Quality (IAQ ), recognizing that building energy consumption and
IAQ are highly coupled, and reflecting the green building community’s
concerns that IAQ not be sacrifiiced for energy conservation. In addition
to the building-level links between energy use (primarily for HVAC) and
IAQ , buildings in an ECD share a common outdoor environment, with
similar ambient air quality (AAQ ) characteristics. In the Pittsburgh 2030
District, air pollution includes substantial contributions from coal-fired
regional electric power generation, and local-level emissions from roadways, including diesel trucks and transit buses, as well as other sources.
The 2030 District energy and GHG reductions may help to mitigate the
contributions of the two aforementioned sources through 1) reductions
in building energy use reducing the need for regional coal-fired power
generation and 2) reductions in transportation usage. Herein, we present
a life cycle framework to capture these potential impacts by combining
building energy model results for selected buildings, dynamic electric grid
emissions simulation from the USEPA’s AVERT model, and projected
mode-specific transportation changes. We use measured and projected
characteristics (e.g., ventilation, filtration) of building HVAC systems
in the 2030 District to translate AAQ into IAQ. We calculate health
impacts of IAQ using intake fractions and effect factors from the Use-Tox
and TRACI models for both primary and secondary fine particulate
matter (PM2.5). We discuss the results of several scenarios for years corresponding to 2030 District benchmarks (2015, 2020 and 2030).

Targeted and Non-Targeted High-Resolution
Mass Spectrometry investigations in
Environmental Media
653 Screening of 1170 organic micro-pollutants in sewage treatment
plants in Kitakyushu, Japan
K. Kadokami, M. Yanagita, K. Mochinaga, The Univ of Kitakyushu
Domestic wastewater is one of the major sources of organic micropollutants (OMPs). Domestic wastewater is usually directed to sewage
treatment plants (STPs), and so by measuring influent and effluent OMP
concentrations, we can know not only the total emissions (amounts) of
OMPs from domestic sources, but also the amount of these chemicals
discharged to the aquatic environment. Kitakyushu is an industrial city
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in southern Japan with a population of one million; it has five activated
sludge-based STPs that treat 99.8% of the city’s domestic wastewater.
The objectives of this study were to clarify the types and quantities of
OMPs discharged from domestic sources in Kitakyushu, and discharged
to the environment from the STPs. To achieve this, we examined
the concentration of 1170 chemicals in STP influent and wastewater
using two comprehensive mass spectrometry-based analytical methods. Influents and effluents samples were collected in October 2014.
A sample (1-L) was liquid–liquid extracted and measured by GC-MS,
and 900 SVOCs were determined using the Automated Identification
and Quantification System with a database. For 300 polar chemicals,
200-mL of wastewater was extracted by solid-phase extraction, and
the extract was analysed by LC-TOF-MS. Out of the 1170 substances
examined, 133 were observed in one or more sample. A range of PPCPs
and phenols were detected at high concentrations, along with a range
of ubiquitous chemicals found in human faeces and kitchen waste were
also found including sterols. Several organophosphorus flame retardants
(OFRs) and pesticides were also detected at low concentrations. The total
amounts of the detected substances and the PPCPs in the influents of
the five STPs were 279.5 and 42.2 kg/d, respectively, which equate to
292 and 44 mg/(capita d), respectively. The activated sludge treatment
removed 97.4% of the OMPs. There are three groups of OMPs: the
easily removable chemicals (biodegradable/highly adsorbed chemicals),
the persistent chemicals and chemicals produced during the treatment
processes. Natural materials, sterols, phenols and phthalates were easily
removed. Some of the drugs, pesticides and OFRs were not effectively
removed. Concentrations of degradation products were higher in the
effluent than in the influent. PPCPs contributed only 15% of the total
concentrations in the influents, but 64% in the effluents, highlighting
potential effects of PPCPs on the aquatic environment.
654 Investigation of ecological hazard of storm water runoff using
quadrupole time-of-flight liquid chromatography tandem mass
spectrometry
B. Du, Univ of Washington / Environmental Science; A.A. James, A.D.
Gipe, Univ of Washington Tacoma / Center for Urban Waters; J.E. Baker,
Univ of Washington Tacoma / Center for Urban Waters Interdisciplinary
Arts and Sciences; E.P. Kolodziej, Univ of Washington Tacoma/Seattle
/ Center for Urban Waters Interdisciplinary Arts and Sciences Civil and
Environmental Engineering
In many urban areas, regulators and researchers are concerned about diffuse and non-point sources of contaminants and nutrient transported by
urban and sub-urban storm water runoff. As a result of inadequate storm
water management, elevated discharge of chemicals arising from anthropogenic activities impacts water quality, even causing acute mortality in
fish and other aquatic organisms while adversely affecting a number of
biological endpoints. To characterize and manage the chemical stressors
driving water quality impacts, improved and comprehensive assessments of chemical constituents in storm water runoff is needed. Here, we
utilize quadrupole time-of-flight liquid chromatography tandem mass
spectrometry (QTOF LC-MS/MS) techniques to characterize chemical occurrence in storm water while also evaluating uptake processes
in fish tissues. Our study design uses statistical comparisons between
storm water and exposed biological tissues to qualitatively investigate
broad spectrum contaminant uptake for chemical constituents of storm
water. Additionally, chemometric analysis using QTOF, or LC-MS/
MS analysis in general often suffers from ion suppression and inconsistency from matrix interference. Thus, to address these concerns while
minimizing sample preparation steps, a single step selective pressurized
liquid extraction (SPLE) is developed to generate samples amenable to
QTOF LC-MS/MS analysis. Using a multiresidue standard with wide
range of physicochemical properties to develop protocols and evaluate
method performance, we first profile the chemical composition of urban
storm water, with a special focus on highly abundant constituents. Next,
comparisons between dissolved and tissue associated constituents are
used to investigate uptake processes into biological tissues to help to
resolve those constituents most likely to contribute to adverse impacts on
biological endpoints.
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655 Nontargeted Screening for Bioaccumulative Wastewater-Derived
Contaminants in Edible Crops
K.C. Hyland, Sciex Environmental Food and Beverage / Civil and
Environmental Engineering; A.C. Blaine, Colorado School of Mines / Civil
Environmental Engineering; P. Winkler, Sciex; C.P. Higgins, Colorado
School of Mines / Civil Environmental Engineering
Commercially grown food crops are often irrigated using reclaimed
water to supplement the water supply, and wastewater derived biosolids
have long been used in agricultural soil amendment. Contaminants of
emerging concern (e.g., pharmaceuticals, flame retardants, and perfluorinated surfactants) have been shown to accumulate into, and be
transported within various plant tissues following such practices. A
General Unknown Screening (GUS) workflow has been developed
using hybrid quadrupole-time-of-flight mass spectrometry to collect
high resolution accurate mass data and diagnostic spectra in strawberry and lettuce samples for identification of contaminants originating
from wastewater and/or biosolids. Using accurate masses for formula
assignment and library matching of MS/MS spectra allows for the
characterization of chemical species present in the plant samples, and
comparison of samples to controls is used to distinguish chemical species
coming from the exposure to reclaimed water and biosolids. The aim
of this work is to inform efforts to identify potential exposure risks to
humans consuming fresh produce grown in reclaimed water or biosolids.
656 Advanced Methodologies for Targeted / Untargeted Contaminant
Identification by Ultra-High Resolution Mass Spectrometry
R.P. Rodgers, National High Magnetic Field Lab / FTICR Facility; D.C.
Podgorski, S.M. Rowland, Y.E. Corilo, V.V. Lobodin, J.C. Putman, P.M.
Lalli, J. Lu, Florida State Univ / The Future Fuels Inst
Modern high field FT-ICR mass spectrometry has changed the utility
and expectations of complex mixture analysis by mass spectrometry over
the past decade. The inherent high resolving power (> 600,000 at m/z =
500) and high mass accuracy (100 - 400 ppb) enable direct determination
of elemental compositions to tens of thousands of individual components
by mass measurement alone. Modern ionization methods facilitate the
selective ionization of components based coarsely on chemical functionality, which combined with FT-ICR MS, reveals neutral, acidic, basic,
and aromatic contributions to complex mixtures at a molecular level.
When coupled to solid phase extraction (SPE) techniques, which enable
targeted enrichment of select functionalities, the combined methodology allows for the rapid screening of complex mixtures at molecular-level
resolution. However, due to the immense number of species that can be
identified in a single mass spectrum (> 80,000), data processing speeds
can restrict applications to a limited number of samples. Here we present
state-of-the-art analytical methodologies that can be used to screen large
numbers of samples (>50) for non-targeted contaminant identification.
The coarse selectivity of modern ionization methods are used to survey
acidic, basic, and aromatic structural motifs in virgin and contaminated water and soil samples. Advanced data processing is provided
by a custom software package (Petro-Org) that enables automated
elemental composition assignment of high resolution mass spectral data
and subsequent chemometric comparison of the resulting data sets to
identify molecular-level similarities / differences compared to control
sites. Comparisons of field samples as a function of collection time and/
or location are enabled by Principal Component Analysis and reveal
compositional trends within related, complex data sets. Species of interest that are identified in this process are preferentially targeted by SPE
and verified by high resolution mass spectrometry. Once the method is
proven successful, the now targeted analysis is exported to moderate /
low resolution mass spectrometry platforms for routine use. Work supported by NSF Division of Materials Research through DMR-11-57490,
BP/The Gulf of Mexico Research Initiative to the Deep-C Consortium,
and the State of Florida.

657 Sensitive Screening of Pharmaceuticals and Personal Care
Products (PPCPs) in Water Using Agilent 6545 LC/Q-TOF High
Resolution Mass Spectrometer
C. Marvin, D. Yang, Agilent Technologies
PPCPs comprise a diverse collection of thousands of chemical substances, including prescription and over-the-counter drugs, veterinary
drugs, fragrances, and cosmetics. Government agencies have current
and keep proposing new regulations to monitor PPCPs in water supply
systems. The analysis of contaminants in water, especially in drinking
water, poses significant challenge due to low level of detection requirement. Analytes enrichment by solid phase extraction is often performed.
In order to increase analytical throughput, direct sample injection using
highly sensitive instruments is desired. Use of high resolution MS,
e.g., the Agilent 6545 LC/Q-TOF, allows analysis by direct injection
of 40uL water samples at parts per trillion levels without enrichment.
High resolution MS provides the advantage of screening for a large
number of compounds without fragmentation information. It also allows
the retrospective data mining for new analytes without rerunning the
sample. We have developed two methods that quantify 118 PPCPs in
positive ion mode and 22 PPCPs in negative ion mode. Data acquisition
was performed at 2 GHz extended dynamic range with a scan speed of
3 spectra per second in the presence of reference masses. The isotopic
labeled internal standards were kept at constant concentration of 100
ppt, while analyte standards were spiked at 10ppt, 25ppt, 50ppt, 100ppt,
250ppt, 500ppt and 1000ppt (7 levels) in reagent water. Three unknown
samples were measured in the presence of 100ppt internal standards.
Data analysis was conducted by find-by-formula under MassHunter
Qualitative Analysis Software using the library containing all the spiked
compounds and resulted in identification of 68% of the PPCPs at 10ppt,
and 98% at 50ppt. Five replicates were run for calibration curves. For
97% of the analytes RSDs were less than 20% at the LLOQ , where
accuracy was within 80-120%. Correlation coefficients R2 were greater
than 0.99 for all the analytes except two (R2 = 0.984, R2 = 0.978) with
quadratic fitting and 1/x weighting including origin. Among three
unknown samples, two of them were relatively clean with 2-3 PPCPs
being found at a concentration greater than 10ppt. More than 70 PPCPs
were identified for the contaminated water with some analytes present at
concentrations greater than 200ppt.
658 Comprehensive analytical method for polar-organic compounds
in water samples by liquid chromatography time-of-flight mass
spectrometry
H.T. Chau, The Univ of Kitakyushu / Graduate School of Environmental
Engineering; K. Kadokami, The Univ of Kitakyushu
Liquid chromatography time-of-flight mass spectrometry (LC/
TOF-MS) is one of the best instruments for screening a large number
of polar-organic compounds (POCs) because the number of full-mass
spectra with accurate masses that can be obtained by LC/TOF-MS, is
almost unlimited. In this study, we developed a comprehensive analytical
method consisting of solid-phase extraction (SPE) and LC/TOF-MS
analysis combined with an accurate-mass database of 264 POCs selected
as model compounds (MCs) having log Pow ranging from -2.20 to
8.53. Quantitation was performed by internal standard method using a
peak area obtained at the fragmentor voltage (FV) of 100V. In order to
identify chemicals with certainly, we used measurement data obtained at
four FV (100, 150, 200 and 250V) producing 1-5 fragment ions of each
MC. Two kinds of combinations of 1) Sep-Pak PS-2 short cartridge and
Sep-Pak AC-2 (PS2-AC2) and 2) Oasis HLB Plus and Sep-Pak AC-2
(HLB-AC2) were selected to simultaneously extract MCs. Recovery
tests using purified water (200 mL) were performed at 2 concentrations
(50 and 200 ng/L, replication n=7 for each concentration and each combined cartridges). At 50 ng/L, the developed method produced recoveries
over 70% for 180 and 181 (96%) out of spiked 188 MCs when using
PS2-AC2 and HLB-AC2, respectively. At 200 ng/L, 219 of the MCs
had recoveries?70% using PS2-AC2, and 218 MCs using HLB-AC2,
accounting for 83% out of 264 MCs. Most of low-recovery MCs had log
Pow?4. Method detection limits (MDL) were in the range 8-200 ng/L.
The developed method was applied to the analysis of 5 samples of sewage
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treatment plant effluent. An effluent sample (200 mL) was spiked with
200 ng of 85 MCs, and then extracted using PS2-AC2. Recoveries of 80
MCs (94% of MCs) exceeded 50%. Some MCs showing high recovery
rates (>50%) in the purified water recovery tests showed low recoveries
from effluent samples, probably due to matrix effects of the sample in
LC/TOF-MS measurement. The RSD values for recovery tests using
purified water were in the range 3-25% and the RSD for analyses of
effluent samples were between 5 and 30%. This study has developed the
analytical method for a large number of POCs in water samples by the
combination of SPE using PS2-AC2 or HLB-AC2 and LC/TOF-MS
analysis. This method has a potential for not only multi-residue screening
but also quantitative analyses.
659 Identification of novel per- and polyfluorinated compounds in
AFFF-impacted groundwater
S. Roberts, Duke Univ / Civil and Environmental Engineering; K. BarzenHanson, Chemistry; J. Field, Oregon State Univ / Dept of Environmental
and Molecular Toxicology; C.P. Higgins, Colorado School of Mines / Civil
Environmental Engineering
Contamination of soil and groundwater with per- and polyfluorinated
substances (PFASs) is an issue of global concern at military and civilian
sites where aqueous film-forming foam (AFFF) has been used. Previous
studies have applied the total oxidizable precursor (TOP) assay, which
converts perfluorocarboxylate (PFCA) and perfluorosulfonate (PFSA)
precursors to quantifiable PFCAs, to groundwater and soil samples from
these sites. However, the identity of approximately 50% of the fluorinated substances at these sites is unknown. While numerous classes
of PFASs have been identified in AFFF commercial products, little is
known regarding the environmental fate of these novel compounds and
their potential degradation products. Liquid chromatography (LC) with
quadrupole time-of-flight mass spectrometry (qTOF-MS) was used to
identify polyfluorinated PFCA and PFSA precursors in groundwater
from AFFF-impacted sites. Samples were screened in positive and
negative ionization electrospray mode, and compound identification was
performed using AB Sciex Masterview software to analyze the accurate
mass (within 5 ppm error), isotope ratio (within 10%), and fragmentation spectra. At least six novel classes of polyfluorinated compounds were
identified in groundwater, as well as several classes of PFASs that have
not yet been reported in AFFF-impacted groundwater. Each compound
class that was identified exhibited multiple chain lengths, with the highest relative response corresponding to compounds containing C6F13
and shorter perfluorinated chains. A semi-quantitative approach was
applied to determine the presence and relative distribution of these novel
compounds in samples from multiple sites.

Biases and Conflicts of Interest in
Ecotoxicology: Perspectives From Academia,
Government and Industry
660 Conflict of Interest or Contravention of Science?
C. Borgert, Applied Pharmacology & Toxicology, Inc.
The New England Journal of Medicine was the first major journal to
require financial conflict-of-interest disclosure and to suggest censoring review articles whose authors are deemed to “. . . have a significant
financial interest in a company (or its competitor) that makes a product
discussed in the article. The Lancet soon joined, and within a few years,
the USEPA and other federal agencies joined in the stampede. Today,
the worthiness of individuals to publish in most journals or to participate
in the government-agency peer-review process is being judged on the
basis of affiliations, sources of funding, and the financial assets of one’s
family rather than on actual scientific merit. This erodes the epistemological basis of scientific reasoning because it focuses subjectively
on the participants in science rather than objectively on the scientific
evidence. Science asks the facts to speak for themselves by demanding randomization, double-blinding, measurement precision, control of
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bias and confounding, statistical significance testing, and replication in
order to remove the participants as far as possible from the process of
observation and interpretation and to enhance objectivity. In science,
consensus is achieved as the base of clearly interpretable data increases
and thereby limits the range of consistent interpretations narrows;
compromise and vote are anathema. These precepts have stood the test
of time and allowed science to offer myriad benefits to lifestyles, public
health, and the environment. Admittedly, complete removal of bias
from the observer is impossible, but the argument should be about how
well the measurements and experimental conditions are controlled and
how thoroughly and unequivocally the interpretations are supported
by the data. Focusing subjectively on the scientists and their potential
motivations, however, corrupts science into a political process where
compromise is forced and often, the loudest minorities rule. Scientists
should advocate transparency of the scientific process and should insist
that scientific journals, funding agencies, and peer-review bodies focus
on accessible and verifiable data and transparent methods as the exclusive
determinants of scientific merit. Financial and political disclosure should
be footnotes rather than qualifications.
661 White Hat Bias in the Environmental Sciences
A. LeHuray, Chemical Management Associates LLC
Measures to recognize biases or conflicts of interest (COI) related to
industry sources of funding are commonplace. Biases that might be
related to non-industry funding sources are rarely taken into account.
Biases related to factors other than funding are more difficult to detect.
White Hat Bias (WHB) is defined as “bias leading to the distortion
of information in the service of what may be perceived to be righteous
ends.” First documented in obesity research, there is clear evidence of
WHB in papers published over the past decade analyzing aspects of
refined tar-based pavement sealcoat (RTS). Four types of bias were
documented in the obesity research case of WHB: (1) citation bias, (2)
publication bias, (3) miscommunication in press releases, and (4) inappropriate or questionable inclusion of information. These four indicators
are evident in the RTS case of WHB, along with additional elements
including: (a) advocacy research/ confirmation bias , (b) unexplained
inclusion and exclusion of data, (c) inappropriate or questionable use of
guidelines or standards, (d) failure to test the null hypothesis, (e) inadequate identification or description of data or model input parameters,
or (f) inadequate recognition of uncertainties. The federal government
has administrative measures in place intended to prevent dissemination of unsound science, but management commitment often seems
inadequate. The WHB evident in the RTS case could have come to
light if peer review criteria for “highly influential” or “influential”
information had been implemented. Corrections could have been made
by federal agencies if initial Information Quality Act challenges were
given serious consideration. Freedom of Information Act law suits could
be avoided simply by making data used as the basis of scientific papers
publicly available. Academic researchers who plan to build on the work
of others should be confident in their understanding of foundational
studies. Science journals should ensure that peer review safeguards are
implemented, and should be suspicious of the concept that “science is
self-correcting” when regulatory consequences seem likely. The culture
of organizations involved in scientific research – government, academic
or industry – should embed as core principles reproducibility and the
transparency required to test hypotheses.
662 Exploration of how scholarship in developing novel techniques
can potentially mitigate bias and conflict of interest in academia
C.A. Murphy, Michigan State Univ / Fisheries and Wildlife
The topic of bias and conflict of interest in ecological risk assessment
and the focus on how it changes because of the place of employment, is a
very timely and worthy discussion. Industry, government and academia
all operate under very different reward systems and funding opportunities. From the academic perspective, our jobs are not reasonably secure
until tenure, which hinges on a successful demonstration that we are on
track to establishing expertise in our field. Further promotion requires
establishment of expertise as well as international recognition. To show
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that we are experts in our field usually requires publication of our novel
findings in high impact journals, as well as a demonstration of significant outreach and how we change or contribute to our discipline for the
better. Often, media attention on our work helps to illustrate the impact
and unfortunately, in many cases, the negative impact of chemicals on
the environment garners far more attention than any non-impacts. Also,
establishment of expertise (through high impact publications and media
attention) is generally one of the few ways to secure research funds, to be
invited to expert panels, and to be invited as distinguished speakers – all
of these are metrics on which we are evaluated. In our academic lab, we
tend to focus more on novel approaches to ecotoxicological research as
an avenue to establish our expertise. Our work is initially geared towards
proof of principle type approaches. Eventually, these methods have to
be validated which would require testing with known harmful contaminants and so some research would be biased towards these harmful
effects. However, our end goal is to develop our methods for general
ecotoxicological use - to not only determine harmful effects of contaminants but also to determine incidences of no harm. Presumably, a valid
demonstration of this outreach would also have a favourable impact on
our job evaluation.
663 Inherent bias in the terminology, guidance and methods used in
environmental toxicology and risk assessment
W.G. Landis, Western Washington Univ / Inst of Environmental Toxicology
One of the fundamental issues in environmental toxicology and risk
assessment is the bias built into the language of the field and its operating paradigms. Much of the language is normative, assumes a problem,
and often is not based on current understandings of the workings of
ecological structures. The result is a waste of resources and a diversion
from making advancements in our ability to understand the effects of
chemicals in the environment and in informing decisions. I will use
several examples. Normative language, using terms that have an implied
policy goal, is still common in the field. Instead of focusing on potential
stressors and the study area the terms “chemicals of concern” or “area of
concern” can be found in the literature. Concern is an emotional state
and often assumes a priori the presence of a problem. Terminology such
as ecosystem health, reference site, and recovery are contrary to current
understanding of the dynamic, non-equilibrium, landscape dependent,
complex systems approach to ecology. Bias is also introduced when a
specific tool or test system becomes regulatory policy. An example is
the species sensitivity distribution, but there are many other examples.
Developed in the mid 1980s, SSDs have now become the go to approach
for estimating “safe” concentrations for protecting community structure
and function. The adoption of the approach is a policy statement and the
scientific understanding used to develop the method is accepted. Rather
than update the accepted method to comply with current science or find
alternatives the tool takes a life of its own. The results are that research
into new methods is stymied; the pace of innovation slowed and that
important decisions are based on outdated understandings.
664 Regulatory decisions will only be as credible as the science upon
which the risk is evaluated
C.A. Bishop, Environment Canada; J.E. Elliott, Environment Canada /
Science Technology Branch
Regulatory decisions will only be as credible and relevant as the science
upon which the risk is evaluated. Risk assessment can be compromised
when relatively few research studies are being used to establish impacts,
particularly if most of the data used in a risk assessment is conducted
by the manufacturer that produces the chemical. When a scientists are
invited to participate in an advisory capacity, but consistent advice is
ignored the credibility of decision-making may also be lost. However,
biases exist within all scientific research institutions : academia, industry
and government. Is it possible to establish an independent funding
mechanism to guarantee Conflicts of Interest will not occur in the
evaluation of the toxicity of a chemical proposed for registration or currently on the market? There are models where this is in practice. Better
decision-making processes, do we need it and, if so, how to meet this
challenge in the next decade?

665 Assessing Data to Support Regulatory Decisions: A USEPA
Perspective
T.M. Steeger, USEPA / Office of Chemical Safety and Pollution Prevention;
K.V. Garber, Office of Pesticide Programs Environmental Fate and Effects
Division; K.G. Sappington, Office of Pesticide Programs; F. Liem, D. Rice,
USEPA
In conducting ecological risk assessments in support of regulatory decisions, the USEPA Office of Pesticide Programs considers multiple lines
of evidence which include registrant-submitted studies, open literature
studies as well as incident/monitoring data. Title 40 of the US Code
of Federal Regulations identifies the suite of environmental fate and
ecological effects data required to support the registration of pesticides
under the Federal Insecticide, Fungicide and Rodenticide Act (FIFRA),
and the Food Quality Protection Act (FQPA) stipulates that data must
be periodically reevaluated to determine whether they meet the Agency’s
current standard for data quality. USEPA adheres to well documented
set of procedures for the evaluation and use of data and relies on rigorous
data quality review to ensure that environmental data are of sufficient
quantity and quality to warrant their use in regulatory decisions. As part
of that system, USEPA’s Good Laboratory Practices Standards (GLPS)
and its compliance monitoring, laboratory inspection and data audit
program help to ensure the quality and integrity of test data submitted to USEPA. Studies performed in response to FIFRA requirements
are conducted under and evaluated in accordance with internationally
harmonized and scientifically peer-reviewed study protocols to ensure
scientific quality/reproducibility. In considering open literature, USEPA
has established guidelines to ensure that information meets the standards
of the Data Quality Act and these guidelines are used to determine the
extent to which studies can be used quantitatively and/or qualitatively
to characterize risk. All of the data reviewed by the Agency and used
to support regulatory decisions are evaluated in data evaluation records
that document the conditions under which the studies were conducted as
well as a reanalysis of the registrant-submitted study results. Unlike most
open literature studies, registrant-submitted data are typically held to
the highest standard and are required to include raw data which enable
USEPA risk assessors to reanalyze the data and draw independent conclusions from the results of those analyses. Where opportunities permit,
USEPA science staff provide researchers input on study design elements
to improve the likelihood the study may have utility in helping to support regulatory decisions.
666 Mechanisms that ensure the Reliability and Credibility of Science
and Scientists in the Crop Biotechnology and Crop Protection
Industries
S.L. Levine, Monsanto Company / Global Regulatory Sciences
In recent years, the reliability and credibility of human and environmental safety studies conducted or funded by industry have been questioned,
suggesting that industry research is fundamentally conflicted and hence
unreliable. However, it is unscientific and biased to discount a study
based solely on which investigator or institution conducted or funded
it. The scientific process itself, through which different investigators
attempt to reproduce the findings of others, is one important mechanism
to assess the reliability of scientific findings. The agricultural chemical and biotechnology industry takes very seriously its responsibility to
protect people and the environment throughout the entire life cycle of
its products. Prior to the registration of a pesticide, industry extensively
researches, develops, tests and assesses its products to ensure compliance
with governmental requirements and to implement product stewardship
commitments. There are a variety of practices and standards that ensure
studies performed or funded by industry are identified as such, meet
high scientific standards, and are not suppressed when their findings are
adverse to a company’s interests. The more a given study follows these
practices and standards, the more confidence one can place in it. In
addition, as members of professional associations like SETAC, industry
scientists adhere to professional commitments to act in accordance with
the codes of ethics of their profession. This presentation will describe the
steps industry follows to ensure the reliability and credibility of human
and environmental safety testing used to support product registrations.
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667 Industry approaches to minimizing bias and promoting environmental health and sustainability
C. Lehman, Dow Chemical Company / Toxicology and Environmental
Research and Consulting
The generation of high quality scientific data that can be used to support
and environmental safety assessments is a common goal for all stakeholders involved in field of ecotoxicology. As humans, we all have our
biases and conflicts of interest, but as scientists we need to be scientific,
systematic, transparent and objective in our approach to chemical safety
assessment. Within the chemical industry, standardized approaches
have been established to ensure the transparent and reliable generation
of data that can be used to support both regulatory requirements and
product stewardship goals. This presentation will provide an overview
of the product stewardship and environmental science program at The
Dow Chemical Company with an emphasis on the practices that are
routinely employed by industry to ensure sound testing practices and
the generation of reliable data. Examples include adherence to defined
testing protocols as defined by governing guidelines and the conduct of
studies according to Good Laboratory Practices which includes the use
of internal auditing practices. With these practices in place, along with
publication of findings in the peer-reviewed literature and collaborative
work with those in government, academia, and non-governmental organizations, industry science is positioned to continue to provide relevant,
and high-quality scientific information that can be used to ensure the
safe use of chemical products.

concentration or as the salt (e.g., MgCl2). The use of these many different ways to express the same potential toxicant often leads to confusion
and difficulties in developing management options. Additionally, reviewing and evaluating a particular toxicant and comparing against available
literature can have several more levels of complexity, create the potential
for order of magnitude errors, or at best offers a disjointed presentation
and discussion as part of risk communication. While expressing a toxicant as conductivity is probably the least expensive analytical tool, is it
the best tool? Conductivity of the water source offers little information as
to what is the toxicant, or what horizon of treatment options that might
be available to remove the anion or cation that is the principle toxicant.
The use of generic parameters such as salinity, conductivity, or even the
concentration of TDS is probably the dominant reason for the apparent
wide range of intra-species variability in the ecotoxicology literature.
This paper will demonstrate through case examples how solutions with
the same conductivity or TDS may have considerably different toxicity
and how this can lead to development of inappropriate treatment options
or permitting strategies.

668 Relationship between ecoregional background specific conductivity and salt-intolerant genera
S.M. Cormier, USEPA / NCEA Cincinnati; L. Zheng, Tetra Tech
Because aquatic species evolved in unpolluted waters, background levels
of naturally occurring chemicals define aspects of the niche to which
the biota of a community is naturally adapted and that it may tolerate.
From niche theory, we made several predictions: (1) where a niche is not
available, a genus adapted to that niche will not be present; (2) a genus
rarely occurs where the background exceeds the upper tolerance limit for
that genus; (3) the lower possible tolerance limit of genera in a region is
defined by the natural background; (4) as a result, there will be a regular
relationship between natural background specific conductivity (SC) and
the SC predicted to cause the absence of 5% of the most intolerant genera. To test these hypotheses, we characterized the upper tolerance limit
for the 5% most salt-intolerant genera and the background SC for several
ecoregions in the United States. Background SC was estimated at the
25th centile of all sampled sites. The upper tolerance limit for each genus
observed >25 times in the ecoregion was estimated at the 95th centile
of occurrence of a genus, and the tolerance limit for the 5% most saltintolerant genera was calculated at the 5th centile of the genus sensitivity
distribution. A least squares regression of values against background
yielded a strong statistical relationship. The relationship between the
salt-intolerant niche and background SC demonstrates that salt-intolerant genera occupy the lowest available SC niche in an ecoregion. The
regression model makes it possible to use SC background in an ecoregion
to predict the specific conductivity that is expected to extirpate organisms adapted to low SC niches in an ecoregion. The views expressed in
this abstract are those of the authors and do not necessarily represent the
views or policies of the USEPA.

670 Interactive toxicity of major ion salts: Comparisons among species
and between acute and chronic endpoints
D.R. Mount, R.J. Erickson, USEPA / ORD NHEERL Mid-Continent
Ecology Division; B. Forsman, USEPA; T.L. Highland, USEPA / ORD
NHEERL Mid-Continent Ecology Division; R. Hockett, USEPA / ORD
NHEERL Mid-Continent Ecology Division Duluth; D.J. Hoff, USEPA
/ ORD / ORD NHEERL Mid-Continent Ecology Division; C.T. Jenson,
USEPA; T.J. Norberg-King, USEPA / NHEERL Mid-Continent Ecology
Division
Increased concentrations of major ions (Na, K, Ca, Mg, Cl, SO4,
HCO3) in freshwater systems can result from a variety of anthropogenic
activities, and can adversely affect aquatic organisms if the increase is
sufficiently severe. Laboratory tests have indicated that the toxicity of
major ion mixtures are dependent on the specific ionic composition
of the water. In previous work, we conducted extensive acute toxicity
testing with Ceriodaphnia dubia; this work suggested that sodium salts
exerted their toxicity additively and that osmolarity provided a good
exposure metric that normalized response among exposures of different ion compositions. While they also contribute to osmolarity, Ca and
Mg appeared to exert toxicity by a separate mechanism (or mechanisms)
that was more potent than, and independent of, effects that could be
ascribed to osmolarity. At less than toxic concentrations, increasing Ca
was found to ameliorate the toxicity from both Mg and osmolarity. In
new work, we evaluated chronic toxicity of major ion salts to C. dubia, as
well as comparing acute effects between C. dubia and fathead minnows.
With regard to reproductive effects on C. dubia, work thus far suggests
that the same basic interactions govern chronic toxicity as were operative
for acute toxicity, and that the acute to chronic ratio is fairly similar for
different salt mixtures. However, acute studies with fathead minnows
demonstrate some notable differences from the results with C. dubia. For
example, expressing the aggregate potency of sodium salts via osmolarity
does not explain the toxicity of those salts to fathead minnows; instead,
sodium sulfate is more toxic than sodium chloride when expressed as
osmolarity or as Na activity, suggesting a more specific role of sulfate..
When Na salts are mixed with Mg salts, fathead minnow responses
lie between additive and independent response models, whereas acute
toxicity of these mixtures to C. dubia indicated independence. These and
other findings are discussed in the context of predicting major ion toxicity to freshwater organisms. This abstract does not necessarily represent
USEPA policy.

669 Expressing total dissolved solids toxicity as conductivity or individual ions?
W.L. Goodfellow, Exponent, Inc. / Biological and Ecological Sciences; C.
Menzie, Exponent, Inc.; R. Kashuba, Exponent, Inc. / Ecological and
Biological Services Practice
Total Dissolved Solids (TDS) toxicity has been expressed using
many different parameters in the ecotoxicology literature including as
TDS, salinity, conductivity, ion concentration (e.g., Mg+2), osmotic

671 Ionoregulatory Physiology in Freshwater Aquatic Organisms;
Basic Principles relevant to Multiple Ion Toxicity
C.M. Wood, Univ of British Columbia / Dept of Zoology; M.J. O’Donnell,
McMaster Univ / Dept of Biology; K. Brix, Univ of British Columbia /
Zoology
This presentation will review some basic principles of physical chemistry
and ionoregulatory physiology which may be useful for those working in
the field of multiple ion toxicity. Ion concentrations in the body fluids of
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vertebrates are very uniform, but those in invertebrates vary considerably
among taxa, and there is uncertainty as to the actual concentrations in
some of the most sensitive organisms. Osmotic gradients, which dictate
the movement of water, are different from ionic gradients. The factors
determining the movement of ions across barrier epithelia such as the gill
are (i) possible active transport; (ii) the effective permeability to the ion
in question; (iii) the concentration gradient acting on that ion; and(iv) the
transepithelial potential (TEP). The latter is often overlooked, but can
be quantitatively very important, whereas the concentration gradient is
often misunderstood. The force resulting from the concentration gradient
is not given by the difference in concentration across the membrane but
rather by the Nernst potential, with relevant ionic activities taken into
account. The difference between the TEP and the Nernst potential, signs
considered, is the net electrochemical force acting on the ion in question. Another common misconception is that there may be discrepancies
between the concentrations of cations and anions in solution, and that
this may result in toxicity when the discrepancy occurs in body fluids.
In fact, basic physical chemistry dictates that at the macroscopic level,
there must always be charge balance in solution. However, Strong Ion
Difference (SID) theory shows that any discrepancy between the concentrations of strong cations (nominally Na+, K+, Ca2+, Mg2+) and strong
anions (nominally Cl-, SO42-, phosphatex- ) in solution must be made
up by acid-base equivalents, which will be reflected in the HCO3- concentration. Thus a decrease in the SID in the body fluids will constrain
a metabolic acidosis (decreased HCO3- ) and an increase in the SID
will constrain a metabolic alkalosis (increased HCO3-); these acid-base
disturbances may well contribute to toxicity. (NSERC Discovery).
672 Influence of dilution water composition on acute major ion toxicity to the mayfly Neocloeon triangulifer
D.J. Soucek, A. Dickinson, Illinois Natural History Survey; D.R. Mount,
R.J. Erickson, USEPA / ORD NHEERL Mid-Continent Ecology
Division; R. Hockett, USEPA / ORD NHEERL Mid-Continent Ecology
Division Duluth
A number of field studies have shown that mayflies (Ephemeroptera)
tend to be more sensitive than other benthic macroinvertebrates to
elevated levels of total dissolved solids in streams. Until relatively
recently, difficulties with culturing have limited the use of mayflies as
laboratory toxicity testing organisms, but recent efforts to develop cultured diets and chronic toxicity testing methods for the mayfly (Neocloeon
triangulifer) have proven successful and will help to move toward
standardization of methods for this species. Work with other species has
shown that major ion toxicity is dependent on the ionic composition of
the water; however, little is known about how ionic composition influences responses of mayflies to elevated major ions. Because N. triangulifer
appears to be more sensitive to some major ions than more commonly
tested organisms, studies with this organism that could contribute to
the improvement of ion toxicity prediction models are needed. We
conducted acute toxicity tests with N. triangulifer designed to determine
how changes in ionic composition impact responses to elevated major
ions. First we tested toxicity of salts in dilution waters that had varying
hardness levels, but that also had increased concentrations of other ions,
e.g., bicarbonate, as would be expected for natural waters. In these tests,
the toxicity of NaCl, Na2SO4, and MgSO4 decreased with increasing
hardness. However, when we held hardness constant but manipulated
Ca:Mg ratios in dilution waters, Ca alone could not explain all of the
response observed in the initial hardness manipulation tests with NaCl
and Na2SO4. This may suggest that other ions besides Ca, for example
bicarbonate, influence toxicity of sodium salts. We also tested the influence of sodium on potassium salt toxicity and vice versa, observing that
these cations do not modify the toxicity of each other. Comparing toxicity expressed as total concentration or as chemical activity showed that in
solutions dominated by sulfate salts, a narrow range of sulfate activities
resulted in a toxic effect. In addition, tests with D-mannitol in which
mayflies were exposed to an osmolarity approximately double that of the
highest observed LC50 in terms of osmolarity in the salt tests, resulted in
no effect on survival. This suggests that specific ions, rather than overall
osmolarity, were responsible for observed toxicity.

673 Osmoregulatory patterns in aquatic insects: What we know and
where we need to go
D.B. Buchwalter, NC State Univ / Dept of Biological Science; S. Scheibener,
North Carolina State Univ
Despite being the dominant inverterate faunal group in freshwater
ecosystems and the focal point of ecological monitoring programs worldwide, very little is know about fundamental osmoregulatory differences
across aquatic insect species and species groups. Relatively few insect
species have evolved to tolerate saline conditions. Importantly, ecologists
report significant biodiversity losses in historically dilute (freshwater)
systems that become enriched in major ion concentrations. Together
these finding suggest that in general, insect osmoregulatory systems are
challenged by ion rich environments. We examined Na uptake dynamics across a range of Na concentrations (0.06 – 15.22 mM) encompassing
the vast majority of freshwater ecosystems in two common taxa – the
caddisfly Hydropsyche sparna and the mayfly Maccaffertium sp. We show
that while both species generally maintain similar whole body Na, their
Na turnover rates are quite different. H. sparna exhibits nearly-saturated
uptake kinetics at the higher Na concentrations and Maccaffertium sp.
exhibits apparently excessive Na uptake as Na concentrations increased
to extremely high concentrations. These results point towards a high
energetics cost associated with excessive Na turnover. We also compared
Na uptake kinetics across 9 species under a more common dissolved Na
concentration (0.56 mM) and found species varied >18-fold in their Na
uptake rates, with faster Na uptake associated with species described as
being sensitive to salinization in field studies. We probed Na transport
with metals Ag and Cu) that are known to antagonize Na uptake in
fish and crustaceans and found that Ag only inhibited Na uptake under
extremely high concentrations and Cu actually stimulated increased Na
transport rather than supressing it. Similarly, previous work in aquatic
insects showed that metals known to be antagonistic to Ca uptake (Cd
and Zn) in fish and crustacean models either had no effect or modest Ca
stimulatory effects. Taken together, these results indicate that insects
- coming from an evolutionary terrestrial origin - have fundamentally
different ionoregulatory physiology than freshwater species with a more
promate marine origin. These differences are being borne out in toxicity tests showing crustaceans to be poor surrogates for aquatic insects.
We will propose a research agenda for better understanding major ion
toxicity.
674 Modeling the Aquatic Toxicity of Major Ions Using
Electrochemical Potential
C.G. Delos, Great Lakes Environmental Center; P.R. Paquin, Hydroqual
/ Water Quality Modeling; R. Bubnyte, HDR, Inc. / Water Quality
Modeling; K. Brix, Univ of British Columbia / Zoology; J. GoodrichMahoney, EPRI / Environmental Dept; W.J. Adams, Rio Tinto / Legacy
Management
This exploratory work addresses the aquatic toxicity of mixtures of the
seven major ions Ca, Mg, Na, K, Cl, SO4, and HCO3. Attempts to
develop a water quality criterion for the concentration of any single ion
(for example, Cl) and attempts to develop a criterion for the summation
of ion concentrations (for example, conductivity or total dissolved solids)
are confounded by the influence of the mixture composition on toxicity.
Searching for unifying principles for normalizing such differences, this
work explores the possibility that membrane potential calculated from
Nernst Equation concepts could help explain the differing toxicities of
ion mixtures. The Nernst electrochemical potential of a biological membrane is related to the concentration ratio (not difference) of a particular
ion inside and outside the membrane, and to the membrane permeability
for the ion. This work calculates the membrane potential for any ion
mixture using the Spangler modification of the Goldman, HodgkinKatz (GHK) Equation, combining the influences of the internal/external
concentration ratios for the seven ions. For a few thousand toxicity test
treatments from multiple studies, using the seven ion-specific permeability coefficients as the calibration parameters, the calculated membrane
potential was related to the observed survival. The results will be presented, and the strengths and limitations of the approach discussed.
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675 Modeling the Aquatic Toxicity of Major Ions: Application of a
Physiologically-Based Framework
R. Bubnyte, HDR, Inc. / Water Quality Modeling; W.J. Adams, Rio Tinto
/ Legacy Management; K. Brix, Univ of British Columbia / Zoology; C.G.
Delos, Great Lakes Environmental Center; J. Goodrich-Mahoney, EPRI /
Environmental Dept; P.R. Paquin, Hydroqual / Water Quality Modeling
Considerable attention has been directed at investigating the aquatic
toxicity of individual major ions (e.g., Na+, K+, Ca2+, Mg2+, Cl-,
SO42-, HCO3-). These efforts have led to the promulgation of water
quality criteria (WQC) for individual ions in several regulatory jurisdictions. Although these WQC are commonly expressed as a function
of the concentrations of another major ion that is present (e.g., Ca2+,
Cl-), they do not typically account for the influence of overall mixture
composition. Given the frequent observation of how effect levels vary
widely with mixture composition, this may be an important limitation.
Integrative measures such as TDS or conductivity are useful in that they
provide an indication of the total concentration of major ions in water.
However, a limitation of such measures of exposure is that they do not
provide information on how variations in mixture composition might
influence the degree of effects. Multivariate regression modeling has also
been proposed as a way to account for effects due to ion mixtures and,
in principal, it has the ability to account for compositional effects. Here,
we describe a relatively new approach for assessing the potential for
MIT. It involves use of a predictive modeling framework that integrates
how chemistry and physiology influence the degree of effects due to ion
mixtures. The underlying premise for this approach is that the response
of an aquatic organism to a mixture of major ions will vary with electrochemical membrane potential in a dose dependent manner, regardless of
mixture composition. Membrane potential is evaluated as a function of
the ionic composition of both the organism’s internal fluids and its external environment and the ionic permeability of membranes separating
these ion pools. An application of the approach to a major ion toxicity
dataset having well-characterized ion composition will be presented to
illustrate the strengths and limitations of using calculated membrane
potential to assess the aquatic toxicity of complex ion mixtures.

Environmental Fate, Transport and Modeling
of Agricultural Chemicals
676 USEPA Office of Pesticide Programs (OPP) Aquatic Exposure
Assessment: Overview of Current and Future Practices
M. Corbin, USEPA
The US Environmental Protection Agency (USEPA) Office of Pesticide
Programs (OPP) conducts aquatic exposure assessments as a component
of both the ecological and human health risk assessment process for pesticides. As part of the aquatic exposure assessment the USEPA utilizes
both exposure models and surface water and groundwater monitoring
data to estimate potential exposures to non-target organisms. Annually
the USEPA conducts hundreds of risk assessments of varying degrees
of complexity. In order to accomplish its mission USEPA uses a tiered
approach designed to screen out chemicals deemed to be of low risk and
focus resources on more risky chemicals. At each successive tier USEPA
relies on more data with an emphasis on spatial, temporal and species
specific refinements. At the highest level of refinement USEPA can draw
on probabilistic and full spatial representations of exposure and risk.
In this presentation USEPA will describe the tiered approach, types of
refinements used in aquatic risk assessments, current and future modeling practices, and how monitoring data is integrated into assessments.
677 Tillage impact on herbicide loss by surface runoff and lateral
subsurface flow
T. Potter, USDA / Agricultural Research Service, Pesticide Laboratory;
D. Bosch, T. Strckland, USDA / Agricultural Research Service, Southeast
Watershed Laboratory
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There is worldwide interest in conservation tillage practices because
they can reduce surface runoff, agrichemical, and sediment loss from
farm fields. Since these practices typically increase infiltration, their use
may increase subsurface transport of water-soluble contaminants. Thus,
to assess long-term environmental benefits of conservation tillage data
may be needed that quantify both surface and subsurface contaminant
fluxes. This study focused on the herbicide fluometuron (N, N-dimethylN’-[3-(trifluoromethyl) phenyl]-Urea) and its soil degradate DMF
(N-methyl-N’-[3-(trifluoromethyl) phenyl]-Urea). Both compounds are
classed as “leachable”. They were measured for 10 years in surface runoff
and lateral subsurface flow from paired fields located on a hill slope in
the Atlantic Coastal Plain region of the southeastern USA. One group
of fields was conventionally tilled incorporating all crop residues into
soil prior to planting. The second was strip tilled a common conservation
tillage practice. Seven fluometuron applications were made to cotton
(Gossypium hirsutum) produced in rotation with peanut (Arachis hypogea). Combined fluometuron and DMF surface and subsurface losses
from the conventionally tilled fields were equivalent to 1.2 % and 0.13
% of fluometuron applied and 0.31 % and 0.32 % from the strip tilled
fields. Annual surface runoff losses were significantly greater from the
conventionally tilled fields while the strip tilled fields had significantly
greater annual subsurface losses. Results demonstrated that shifting from
conventional to conservation tillage management of farm fields in this
landscape will reduce surface runoff losses of herbicides like fluometuron but subsurface losses will likely increase. The same trends can be
expected in landscapes with similar soil and hydrologic properties. This
should be considered when planning implementation of programs that
promote conservation tillage use.
678 Influence of temperature, relative humidity, and soil properties on
pesticide soil-air partitioning: Laboratory measurements and predictive models
C. Davie-Martin, K.J. Hageman, V. Rougé, Univ of Otago / Dept of
Chemistry; Y. Chin, The Ohio State Univ / Dept of Geological Sciences; Y.
Fujita, Univ of Otago / Dept of Mathematics and Statistics
Soil-air partition coefficient (Ksoil-air) values are often used to predict
or understand the fate of semi-volatile pesticides in soils. However, these
values have not been measured for many pesticides of interest, especially
current-use pesticides. Moreover, predictive equations for estimating
Ksoil-air values for pesticides (other than the organochlorine pesticides)
have not been robustly developed, due to a lack of measured data. In this
work, a solid-phase fugacity meter was used to measure the Ksoil-air
values of 22 current- and historic-use pesticides and their degradation
products. The procedure involved passing a stream of nitrogen through a
portion of contaminated soil at a flow rate slow enough for equilibrium
to be established between pesticides trapped in the soil matrix and the
nitrogen. Concentrations of pesticides in the soil and nitrogen, which
was used as a proxy for air, were then measured and combined to obtain
values of Ksoil-air. Ksoil-air values were determined for two soils (semiarid and volcanic) under a range of environmentally relevant temperature
(10-30 ºC) and relative humidity (30-100%) conditions, such that 943
Ksoil-air measurements were made. Using a multiple linear regression
approach, measured values were used to derive a predictive equation for
pesticide Ksoil-air values. This equation includes terms for temperature,
relative humidity, soil organic carbon content, and the pesticide-specific
octanol-air partition coefficient. This newly derived Ksoil-air predictive
equation was then used in a pesticide volatilization model to predict
the loss of sprayed pesticides from soil in a 24-h period. This model had
previously used a semi-empirical Ksoil-air predictive equation that was
derived from a limited set of measured data for organochlorine pesticides
only. We compared the volatilization losses calculated by the model
when the multiple-regression versus the semi-empirical equation was
used. We found that the choice of Ksoil-air predictive equation mainly
affected the more-volatile pesticides and that the most important difference in the predictive equations was how they accounted for the role of
relative humidity on pesticide air-soil partitioning.
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679 Spring snowmelt transports neonicotinoid insecticides to
Canadian Prairie wetlands
A. Main, School of Environment and Sustainability / Biology SENS; N.L.
Michel, M.C. Cavallaro, Univ of Saskatchewan / School of Environment
and Sustainability; J.V. Headley, K.M. Peru, Environment Canada /
Watershed Hydrology and Ecology Research Division; C.A. Morrissey, Univ
of Saskatchewan / Biology
Neonicotinoid insecticide seed treatments are used pervasively throughout North America. Neonicotinoid transport to surface water systems
typically occurs after major rainfall events throughout the agricultural
growing season. However, detectable levels of at least one neonicotinoid
have been found in 36% (2012; max: 184 ng/L) and 91% (2013; max:
212 ng/L) of Prairie wetlands during early spring, after initial ice-off
but before fields have been seeded. This suggests long-term persistence
or early spring transport, though origins and transport mechanisms
remain unknown. In spring 2014, we sampled 16 agricultural fields in
the Canadian Prairies to investigate whether snow meltwater, particulate matter, top- (15 cm) or bottom-layer (15 cm) snow were sources of
spring neonicotinoid contamination to wetlands. Agricultural fields were
selected based on previous year’s crop: eight canola fields (clothianidintreated seed) and eight oat fields (un-treated). Wetlands draining those
fields from initial ice-off to seeding were sampled to assess changes in
neonicotinoid concentrations over time. Neonicotinoids were detected
in 100% of bottom-layer snow, meltwater and particulate matter and
were not detected in any top-layer snow samples regardless of crop type.
Meltwater was identified as the primary contributor of neonicotinoids
to spring wetland water (R2 = 0.42). Total summed neonicotinoid
concentrations were highest in meltwater (canola, mean: 267 ± 72.2
ng/L; max: 633), but also detected in bottom-layer snow (oat, mean:
36.1 ± 9.18 ng/L; max: 92.9), and particulate matter (canola, mean:
10,220 ± 1,824 ng/kg; max: 17,160). Temporary wetlands are largely
fed by meltwater thus spring total neonicotinoid concentrations were
higher in temporary wetlands than seasonal/semi-permanent wetlands
(P = 0.003). Clothianidin was the only neonicotinoid detected in soil
particulate matter samples, including from oat fields not treated the year
before, confirming this compound can persist over multiple years under
local field conditions. This study suggests that under normal agricultural
practices, wetlands in colder climates are likely to be contaminated even
before seeding occurs through persistence of neonicotinoids in soil and
transport of snowmelt and particulate to surface waters during spring
runoff.
680 Occurrence of Current-Use Fungicides and Bifenthrin in
Rainwater Basin Wetlands
W.H. Mimbs, Oklahoma State Univ / Zoology; P.W. Cusaac, L.M. Smith,
S.T. McMurry, J.B. Belden, Oklahoma State Univ / Integrative Biology
Playa wetlands in the Rainwater Basin (RWB) of Nebraska are embedded in row-crop agricultural fields or in close proximity to cultivation.
Thus, aerial spray drift and runoff may result in pesticide contamination of these wetlands. Several fungicides and bifenthrin are applied
aerially to corn throughout the RWB during tassel stage. The primary
objective of this study was to determine water concentrations of five
fungicides and bifenthrin in wetlands located in and near fields during the peak application period (July 16th-26th 2015). In addition, the
distance of the wetland from the closest cornfield and wetland type
(Wildlife Production Area/Waterfowl Production Area wetland, ditch
adjacent to wetland, or embedded wetland) of the wetland were evaluated. Finally, environmental concentrations were compared to relevant
levels of concern from invertebrates, fish, and amphibians (LOCs).
Bifenthrin was the most frequently detected analyte, appearing in >
83% of the samples. Strobilurin fungicides were also common with
pyraclostrobin, trifloxystrobin, and azoxystrobin in 32.6%, 33.7%, and
38% of samples, respectively. Two triazole fungicides, metconazole
and propiconazole, were found in < 20% of samples. The 95th percentile concentrations across all wetlands were found to be 0.07 µg/L for
bifenthrin, 0.28 µg/L for pyraclostrobin, 0.28 µg/L for azoxystrobin,
and < 0.14 µg/L for all other analytes. Analyte concentrations did not
differ by wetland type. However, detection frequencies were generally

lower in Waterfowl Production Areas/Wildlife Management Areas than
unmanaged or embedded wetlands. Environmental concentrations of
fungicides were lower than LOCs, indicating limited acute toxicity risk.
However, bifenthrin concentrations were frequently higher than LOCs
for aquatic arthropods. Because the water samples included particulate
bound pesticides, further work is needed to determine if this bifenthrin
is bioavailable.
681 Ecological Risk Assessment for Aquatic Invertebrates Exposed to
Imidacloprid Part A: Exposure Assessment
M.F. Winchell, Stone Environmental, Inc. / Environmental Systems
Modeling; L. Padilla, Stone Environmental, Inc.; Z. Tang, Bayer
CropScience; M. Whitfield Aslund, Univ of Toronto
A probabilistic ecological risk assessment (ERA) was conducted to determine the potential effects of acute and chronic imidacloprid exposure
on aquatic invertebrates in the United States. Screening level exposure
modeling approaches for use in pesticide ecological risk assessments
apply regulatory models deterministically, using a single set of conservative assumptions related to the pesticide use and the environmental
conditions. This screening level approach is not capable of characterizing
the exposure concentrations of imidacloprid reflective of the spatial
and temporal variability in the relevant agronomic and environmental
conditions associated with an imidacloprid use pattern. This presentation describes a higher tier ecological aquatic exposure assessment of
imidacloprid performed using a probabilistic modeling approach. The
assessment considered probability distributions of critical environmental
and agronomic factors, including application date, weather and soil conditions, drift fraction based on proximity of use sites to receiving waters,
and percent cropped area. The approach also accounted for the effects of
grass filter strips, a mitigation measure on the current label, by incorporating buffer effectiveness simulations using VFSMOD into each of the
simulations in the probabilistic assessment. The results demonstrated that
the probabilistic modeling approach is able to refine the screening level
exposure concentrations to reflect more realistic exposure conditions. The
distributions of imidacloprid aquatic EECs were then used directly in a
probabilistic ecological effects assessment.
682 Development of Contributing Factors Influencing the Physical
Description of Spray Drift Deposition
R. Gali, Waterborne Environmental Inc; G. Kruger, Univ of Nebraska
Lincoln; R. Morriss, FMC Corp Global Regulatory Sciences; D. Perkins, F.
Abi-Akar, K. Wright, Waterborne Environmental Inc
Agricultural spray drift management is an important component of
risk mitigation in cases where there is potential exposure to non-target
organisms in terrestrial and aquatic systems. Within the USEPA
ecological risk assessment framework, spray drift characterization is of
considerable importance, especially when considering herbicidal effects
on non-target plants. Current tools for estimation of spray drift exposure
are not consistent with farm equipment technologies and formulationspecific characteristics. These tools, such as AGDRIFT and AGDISP,
are based on empirical relationships that are founded on datasets that
do not represent current spray drift reduction technologies. By implementing a physically-based model, a risk assessor might be able to pair
formulation specific information and a possible range of environmental
variables to better characterize potential risk of from spray drift exposure. Unfortunately, a physically-based model that would better represent
liquid spray dynamics and associated spray drift and deposition has not
yet been developed. Furthermore, there are no clear indications of what
parameters of liquid composition and environmental variables would be
needed for use in development of a physically-based model. This work
explores statistical relationships between liquid properties (e.g., surface
tension, particle size spectra, liquid viscosity) and variable wind speed
conditions using drift deposition data within a wind tunnel framework.
A stepwise regression model was used to rank the importance of variables affecting the outcome from the deposition curves. Results suggest
relative importance of measured formulation properties and environmental variables for consideration in the development of a physically-based
model that may better represent estimates of spray drift.
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683 Fate of phenylpyrazole pesticides in a wastewater treatment plant
and engineered wetland
S. Supowit, Arizona State Univ / Global Security Initiative; A. Sadaria,
Arizona State Univ / Biodesign CES; R.U. Halden, Arizona State Univ /
The Biodesign Inst Center for Environmental Security
Fipronil is a phenylpyrazole pesticide, which, along with neonicotinoids, is among the primary suspected chemical contributors to colony
collapse disorder in honeybee populations around the world. It is also
thousands of times more toxic than some legacy pesticides like DDT
and Aldrin to many non-target organisms. Due to the high risk that
fipronil poses to non-target organisms like bees and crustaceans, it
has been banned for most uses in the European Union and in China.
Inadvertent introduction of fipronil into the environment may pose a risk
heretofore uninvestigated. This study evaluated the fate of fipronil and
four of its byproducts (fiproles) in a wastewater treatment facility and
downstream wetland. We engaged in a 5-day sampling campaign using
automatic samplers collecting flow-weighted composites, and extracted
0.5 L aliquots via solid phase extraction. Quantitative analyses by liquid
chromatography-tandem mass spectrometry indicated that average total
fiprole concentrations in various wastewater streams ranged from 21 to
107 ng/L as fipronil. The highest concentrations of fiproles are found in
primary sludge (107 ± 55 ng/L), waste activated sludge (77 ± 27 ng/L),
and biosolids (14 ± 6 ng/g). Mass balances around the treatment train
segments indicate that total fiproles are preserved in the wastewater
treatment process, but are attenuated in the engineered wetland at a rate
of 46 ± 7%. While loss of the parent compound fipronil was observed
between the primary influent and the disinfection basin (25 ± 3%), the
total mass of fiproles exiting a treatment train was not discernably different from that entering it. The estimated annual mass discharge from
this single wastewater facility into an engineered wetland is estimated at
about 2 kg/yr as fipronil. These results indicate that wastewater treatment
facilities are a considerable contributor to inadvertent reintroduction of
potent, recalcitrant pesticides into the environment.

Improving the Usability of Ecotoxicology in
Regulatory Decision-Making
684 Improving the usability of ecotoxicology in regulatory decisionmaking: Initial findings from a SETAC Pellston Workshop
J.P. Staveley, Exponent; M. Agerstrand, Stockholm Univ / Environmental
Science and Analytical Chemistry
A SETAC Pellston workshop was convened with the goal of developing
guidance on steps that can be taken to improve the use of all ecotoxicity data in prospective risk assessments, whether the data are from
guideline studies conducted under Good Laboratory Practices or from
research studies published in the literature. A main aim of the workshop
was to increase understanding between those conducting studies to be
published in the peer-reviewed literature and regulatory institutions
assessing those studies. The workshop addressed processes to 1) improve
the reliability and reproducibility of ecotoxicity studies; 2) improve the
use of peer-reviewed studies in regulatory risk assessment of chemicals;
and 3) improve the methods used in risk assessments when evaluating
single pieces of evidence or lines of evidence. Recommendations on good
practices for study design, establishment of minimum requirements for
reporting the methodology, performance and results, and proposals for
improving consistent use of the information during the regulatory processes were discussed. Other issues of importance were: regulators’ view
of academic research; the role of scientific journals in promoting reliability and reproducibility of studies; actions industry can take to increase
the transparency of studies; methods for enabling transfer of knowledge
between stakeholders; and tools for improved risk assessment.
685 All the science that’s fit to print!
J.P. Sumpter, Brunel Univ / Inst of Environment Health and Societies; M.L.
Hanson, Univ of Manitoba / Dept of Environment and Geography
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This presentation will summarize the main recommendations from a
recent SETAC Pellston Workshop sub-group tasked with how we can
go about ‘improving the quality and reporting of science’ as it relates
to ecotoxicology studies. By advancing these two aspects, we should be
able to improve the risk assessment process, and therefore environmental protection. Overall, there is consensus around what constitutes a
well-conducted toxicity study; and that these factors should be required
for publication in the peer-reviewed literature. These include, but are
not limited to, confirmed exposures, minimum replication, appropriate
controls and control performance, and data transparency and sharing.
Implementation of these recommendations by journals, and adoption of
these practices by researchers at the study conductance level, will help
to elevate the quality of work by all scientists, and draw more defensible
data into the ecological risk assessment process.
686 Reliability criteria for evaluating studies: Improving evaluation
of ecotoxicity studies - Report from WG2
K.R. Solomon, Univ of Guelph / School of Environmental Sciences; C.
Moermond, RIVM / Centre for Safety of Substances and Products
This paper reports on the deliberations of Working-Group 2 of the
SETAC Pellston Workshop on improving the usability of ecotoxicology
in regulatory decision-making, held in Shepherdstown, WV in Aug-Sep
2015. WG2 was charged with answering the following questions: What
types of problems can be anticipated when evaluating ecotoxicity studies
for regulatory risk assessment? What are the appropriate reliability evaluation criteria for peer-review publications? Can the available evaluation
methods be used for regulatory risk assessment? e.g., Klimisch, CRED,
EPA Soils (EcoSSLs), or other guidelines for evaluating ecotoxicology
data, and methods of other disciplines – toxicology, evidence-based medicine, etc. What type of training is needed at the undergraduate, graduate,
post-graduate, and workplace levels? This presentation will provide a summary of the deliberations and conclusions of WG2. It also will highlight
frameworks that can be used to better design studies so they can be used
in the regulatory process and what is needed for these studies to be evaluated for reliability and relevance to risk assessment and risk management.
687 Relevance of Research to Regulatory Decisions: Increasing
Acceptance of non-GLP Studies in Regulatory Risk Assessment
T.R. Henry, USEPA / Risk Assessment Division Office of Pollution
Prevention and Toxics; C. Ruden, Stockholm Univ / Dept of Environmental
Science and Analytical Chemistry
The goal of a SETAC Pellston Workshop convened in AugustSeptember 2015, entitled “Improving the Usability of Ecotoxicology
in Regulatory Decision-making”, is to provide a platform to improve
the documented quality of non-GLP ecotoxicity research and, through
enhanced communication with regulatory agencies, to promote the
appropriate use of these data in regulatory decisions. As part of meeting the workshop objectives to promote the development of guidance on
steps that can be taken to help to improve the reliability and relevance
of all data used in regulatory risk assessments, Work Group 3 discussed
and developed recommendations on number of topics related increasing
the relevance of research (e.g., non-GLP studies) to inform regulatory
decisions, based on the following charge questions: What types of problems can be seen when evaluating peer-reviewed ecotoxicity studies for
regulatory risk assessment? What deviations from the standard testing
schemes are acceptable? What type of relevance criteria could be used
when designing, performing, analyzing and evaluating ecotoxicity studies? How do researchers balance the academic research role, for example,
producing results with increased ecological relevance while conducting
applied research to support environmental regulations? This presentation
will provide a summary of the deliberations and conclusions of Work
Group 3, highlighting the recommendations for increasing acceptance
of non-GLP studies in regulatory risk assessment. * The views expressed
in this abstract are solely those of the authors and do not represent the
policies of the USEPA.
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688 Weight of Evidence Approaches in Improving the Usability of
Ecotoxicology in Regulatory Decision-Making
T. Hall, Bayer CropScience / Environmental Toxicology and Risk
Assessment; O. Martin, Brunel Univ London / Inst for the Environment
Health and Societies; M. Roberts, Dept for Environmental Food & Rural
Affairs / Chemicals Emerging Technologies
In risk assessment via the problem formulation process, the general
approach is to develop a series of hypotheses that allow an evaluation of
the assessment endpoints. Using a Weight-of-Evidence (WoE) approach,
the lines of evidence are then evaluated independently that either support or refute the hypotheses. But while the premise of the concept is
understood by all, the reality is that this can be a complex process with
challenges in regulatory decision-making. In order for sound risk assessment and risk management decisions to be made, the WoE procedures
must be objective, systematic and transparent. The Weight of Evidence
work group in a recent Pellston workshop entitled “Improving the
Usability of Ecotoxicology in Regulatory Decision-making” reviewed
the current quantitative and qualitative methods and approaches used by
regulatory agencies and those found in the general literature. The goal
was to develop methods that allow the weighing of the lines in evidence
in a prospective risk assessment that then demonstrate the reliability,
relevance, adequacy and consistency of the information. The workgroup
was tasked to consider the general obstacles and/or difficulties for using
WoE in regulatory risk assessment, and how much scientific certainty is
necessary for different types of regulatory decisions. Also under consideration was the transparency and communication aspects of the approach
given that the risk management process may be separate from the risk
assessment process, and that the general public or other interested parties also need to understand the risk management decisions. Through
this evaluation a series of recommendations and approaches have been
developed that allow for all scientific evidence relevant to a hypothesis to
be considered and evaluates the strengths and value of the ecotoxicology
data in the risk assessment.
689 Methods to increase regulatory impact of ecotoxicological research
R.S. Wentsel, Exponent / Ecological and Biological Sciences Practice; J.
Margrans, European Food Safety Authority EFSA
This paper will discuss methods that researchers and regulators can use
to increase the use and regulatory relevance of eco-toxicity studies. As a
workgroup at the SETAC Pellston workshop on “Improving the usability of ecotoxicology in regulatory decision-making,” members evaluated
successful examples and strategies to promote coordination and communication between environmental research and regulatory scientists.
Examples include the use of partnerships, use of research to identify new
issues, and case studies on utilization of research. The use of partnerships between government, academic, and industry scientists can focus
these groups to address complex issues. Basic research can identify new
regulatory issues and providing the background for the development of
new guidance. Case studies were developed where new toxicity tests and
models have been used in regulatory risk assessment and these provide
effective examples on how novel studies can be utilized by regulatory
programs.
690 Data Should NOT be Normalized to the Control for Analysis
J.W. Green, DuPont / Applied Statistics Group
A technique common in the analysis of some ecotoxicity studies is to
normalize data in treatment groups to the control. In the case of quantal
data (e.g., mortality, emergence, hatching), the method for doing this is
sometimes referred to as Abbott’s formula. The original purpose of this
method was to adjust mortality data for background incidence. When
this idea was first proposed in 1925, most statistical analysis was done
manually, so there was a need for simple numerical calculation methods.
It has also been used for continuous responses, where the object is to estimate the concentration at which a specified percent effect relative to the
control mean response occurs. In this situation, there is no need to adjust
for background and the primary purpose in normalizing to the control is
to modify the data so that a probit analysis (which assumes quantal data)

software package can be used. Better ways to take background mortality
into account or model continuous responses have been known for several
decades and software is widely available to carry out these alternative
methods. It will be proved not only is the analysis of normalized data
theoretically unsound and unnecessary, but is misleading. In the context
of several types of guideline studies, it will be shown that ECx estimates
from analysis of normalized data (quantal or continuous) can over- or
under-estimate the true value by a large factor while other readily available approaches provide accurate estimates. Theoretical problems with
normalized data are first made clear. Second, data from fish ELS and
FSDT, and non-target plant studies are analyzed using probit models fit
to normalized data and also by more appropriate models to indicate the
difference in conclusions. Third, Monte Carlo simulation studies based
on experimental designs, variability and dose-response shapes typical of
these studies are used to develop distributions for ECx estimates from
these models. In the simulation studies, the true ECx is known, so these
distributions can reveal the quality of estimates to be expected from
the different modeling approaches. Both quantal and continuous data
are considered. The simulation studies demonstrate that the estimates
based on normalized data often err from the truth by a large factor.
Distributions of ECx estimates from the simulated data also allow a
comparison of the relative variability of ECx estimates from the alternative approaches.

Solution-Focused Risk Assessment
691 Evaluating management actions as part of a quantitative ecological and human health risk assessment
M. Harris, W.G. Landis, Western Washington Univ / Inst of Environmental
Toxicology; A. Johns, NOAA / OR&R/ARD, Inst of Environmental
Toxicology
Alternative frameworks for risk assessment can be used to understand
spatial and temporal patterns of risk to both ecological and human health
endpoints from multiple stressors. The same frameworks can be applied to
evaluate the probability that risk will change when a management action
is implemented. Risk assessments that consider the potential effects of
management actions allow risk managers to quantitatively evaluate management actions before they are implemented and reexamine these actions
as part of an adaptive management process. Risk results can be used
as evidence in the adaptive management process to plan management
actions, evaluating the effects of these actions, inform future decisions,
and reduce uncertainty in the adaptive management process. In this
research, we used the Bayesian Network Relative Risk Model to evaluate
the effect of two management alternatives on risk to human health and
recreation for the South River, Virginia from mercury and other stressors.
The two management actions considered in this assessment are (1) the
stabilization of river banks and (2) the implementation of agriculture Best
Management Practices. Preliminary results show that bank stabilization will not reduce human health risk and may in fact increase mercury
concentrations in the river water and fish tissue in the short term increasing the risk of exposure to humans. Preliminary results of the agriculture
BMP model show that reductions in fecal coliform and suspended solids
would reduce risk to human health and river use activities, through
reductions in risk are minimal. Final results of the risk assessment and
sensitivity analysis will be presented in November. The results of this
research can be used to inform the adaptive management process for the
South River. Inclusion of risk assessment results in the adaptive management process allows for a quantitative analysis of management options
and a better understanding of possible management tradeoffs.
692 Getting more bang for your buck in ecological field programs to
support risk assessment and natural resource damages assessment
H. Summers, Integral Consulting / Inst of Environmental Toxicology and
Chemistry; B. Marston, Arnold & Porter LLP
Site-specific data can provide a quantitative measure of ecological functioning, potentially reducing the reliance on screening level approaches
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that are based on chemistry alone, or the need for conservative assumptions in risk and damage assessments. But what type of data will have the
greatest payoff? The answer depends on how the objectives of the investigation are framed, and how cost and benefit are defined. While not every
investigation objective requires a comprehensive field program, often
the need to address multiple stressors, receptors, and endpoints, and to
understand changing conditions over space and time, translates into big
dollars. In addition, from a litigation risk perspective, there may be some
concern that collecting new data can introduce new liabilities. With
careful planning and a broad perspective on the goals and questions to be
addressed in both ecological risk assessment and natural resource damages assessment, sampling designs can be tailored to balance information
gains with cost and liability. In this presentation, we examine the utility
of a broad range of data collection options that can extend the traditional
site characterization approach, sometimes with minimal cost. Many of
these techniques already have a long track record of successful applications in risk assessment and NRDA. These data are being used to define
baseline conditions, develop conceptual site models, characterize the
magnitude and duration of risk and service loss, and inform remediation
decisions.
693 Improving Oregon’s Ecological Risk Assessment Framework
H. Brunelle, Kennedy/Jenks Consultants; A.B. Buchan; J.A. Buck, US
Fish & Wildlife Service / US Dept of Interior; J. Goulet, USEPA; M.C.
Lewis, Formation Environmental LLC; J. Peterson, SLR International
Corporation; J. Toll, Windward Environmental, LLC; J. Peterson, Oregon
Dept of Environmental Quality
In August 2014 the Oregon Dept of Environmental Quality (DEQ )
convened an Ecological Risk Assessment Technical Workgroup to
provide input to the DEQ Cleanup Program as it works to achieve the
following goals: 1. Improve DEQ’s ecological risk assessment framework
by: Refining the scoping process to be more user-friendly and effective
in “screening out” sites where ecological impacts are not likely to be
meaningful or demonstrable with further evaluation. Publishing updates
to outdated DEQ screening level values found in 2001 ecological risk
assessment guidance based on current science. Expanding screening
guidance on how to handle sites that exceed initial screening level values
so that procedures are clear and consistent. Clarifying procedures for
baseline risk assessments. Providing clear criteria for decision making
at key points throughout the ecological risk assessment process so the
process goes more smoothly and requirements are better understood by
both DEQ project managers and responsible parties. 2. Consider the
implications of adopting elements of Washington Ecology’s sediment
standards for use in Oregon. 3. Evaluate if any rule changes should be
considered to more effectively implement ecological risk assessments.
The workgroup convened several times over the course of a year with
DEQ Cleanup Program managers and staff to address the technical
aspects of improving its ability to effectively achieve these goals. The
recommendations of the group have been compiled in a report to DEQ.
DEQ is considering the workgroup’s recommendations in order to make
decisions about developing new policies and/or guidance for ecological
risk assessments, and in evaluating the need for related rule changes. This
presentation will provide an overview of the workgroup’s report to DEQ ,
focusing on key recommendations.
694 An all-in-one ecological risk assessment (ERA) tool:
AIST-MeRAM
B. Lin, National Inst of Advanced Industrial Science / Research Inst of Science
for Safety and Sustainability; Y. Meng, Beijing Normal Univ / Academy of
Disaster Reduction and Emergency Management; W. Naito, AIST Tsukuba
West / RISS; M. Kamo, Advanced Industrial Science and Technology
Ecological risk assessment (ERA) of chemicals is a complicated procedure that requires enormous time and labor in collection and assessment
of the hazard data and a high level of expertise in interpreting the risk.
Furthermore, new assessment methodologies have been increasingly
developed, making the shift from traditional impact assessment at the
organism level to more ecologically relevant assessments such as “species
sensitivity distribution (SSD)” or “population-level effect modeling”. For
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these reasons, ERA of chemicals is considered “something difficult or
impossible for those with little assessment experience and cumbersome
or complicated for practitioners”. AIST-MeRAM released on December
2014, is an all-in-one risk assessment English version tool that embedded
with all the necessary data, the scheme of Chemical Substance Control
Law (CSCL) of Japan, and the ERA methodologies from simple hazard
quotients to more complicated modelings such as SSD and populationlevel assessment approach. Visit to webpage of http://en-meram.aist-riss.
jp/ for the tool download and the detailed information.
695 Successful Assessment, Remediation, and Closure of Remote
California ATON Sites Through Regulator, Responsible Party, and
Stakeholder Cooperation
M.G. Luxon, Windward Environmental LLC; A. Hsu, California Dept
of Toxic Substances Control / Brownfields and Environmental Restoration
Program
Throughout much of the 20th century, the USCG has maintained aids
to navigation (ATONs) to warn ships off land and aid in navigation.
Because some of the ATON sites were in remote locations that were
not easily accessible they were powered by battery. When issues arose, it
was common practice to repair the equipment and replace the batteries
onsite. Consequently, some batteries were improperly disposed of onsite,
and debris that contained several potentially toxic metals accumulated
in the soil around each ATON. After more than 20 years of assessment, analysis, and cleanup of ATON sites around the country, eight US
Coast Guard (USCG) marine ATON sites on five remote islands in the
Channel Islands off the coast of southern California were among the last
ATON sites to be addressed. The Channel Island sites included a US
Naval bombing range with strictly limited access, National Park Lands,
Catalina Island Conservancy lands, critical habitat for ESA listed marine
mammals, and several locally endemic species. Direct involvement of
stakeholders and regulatory decision makers during the problem formulation and investigation phases and explicit consideration of tradeoffs
between potential costs and benefits of remedial options directed the ecological and human health risk assessments resulting in tailored small-scale
remediation and successful closure of these previously contentious sites.
696 The 10th Criterion: Inter-comparison of Net Ecosystem Services
as a Means to Evaluate Superfund Remedial Alternatives
N. Osman, Ecology; J.R. Sampson, Integral Consulting / Dept of Ecology
Incorporating the value of natural capital into resource management
decisions is gaining popularity worldwide. Spatially explicit models are
being applied to quantify and compare the goods and services differing ecosystems provide to human economies, informing management
strategies. To test the utility of this concept for risk management
decision-making at contaminated sites, we performed a comparative
study of the net change in ecosystem services among cleanup alternatives for a hypothetical Superfund site contaminated with PAHs in
Puget Sound, Washington. Superfund site feasibility studies include a
comparison of the alternatives using nine Superfund Remedy Selection
Criteria, which include consideration of each alternative’s cost, effectiveness, and protection of natural resources. Explicit accounting for gains
and losses in ecosystem services of each alternative complements the
nine existing criteria and improves the environmental relevance of the
final remedy selection. To explore the potential use of the ecosystem
services concept in selecting remedial alternatives, we quantified net
ecosystem service gains resulting from the combination, spatial extent,
and spatial distribution of remedial actions under several hypothetical
cleanup alternatives. Our hypothetical site was patterned from those
described in publicly available USEPA documents for Pacific Northwest
Superfund sites. Ecosystem services selected for this analysis include
benthic macroinvertebrate biodiversity, macroinvertebrate productivity, and recreational fishing. Through production functions, our model
considers potential differences among the alternatives in structural and
functional aspects of the ecosystem (e.g., decreasing contamination level
over time, habitat quality as a result of remedial actions, and time to
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full service restoration). Our results indicate that relative net gains in
ecosystem services for each alternative differ from measures of existing
selection criteria, such as cost, effectiveness, and time until the remedial
target is met.
697 Ecological risk assessment and improved conservation outcomes
for water quality criteria consultations under the Endangered Species
Act
T. Augspurger, US Fish and Wildlife Service / Ecological Services; W.
Lehmann, USEPA / Health and Ecological Criteria Division OST OW
Endangered Species Act (ESA) consultations on water quality criteria
(WQC) or their adoption as water quality standards (WQS) under
the Clean Water Act (CWA) present some of the same challenges as
addressed in the National Research Council’s (NRC) 2013 review,
Assessing Risks to Threatened and Endangered Species from Pesticides.
While natural resource agencies are in the early stages of implementing
those recommendations in pesticide consultations, we reviewed NRC’s
report to determine if the provided suggestions would facilitate positive
conservation outcomes for regional WQS consultations. We suggest that
NRC’s recommendation that the ecological risk assessment paradigm
be used in a single unified interagency approach is also appropriate for
WQS consultations. Also, NRC’s recommendations on best available
data, data relevance, data quality, effects assessment, probabilistic risk
assessment, and quantifying uncertainty appear directly transferrable to
CWA consultations. Two key differences in risk assessments supporting
pesticide and WQS consultations include problem formulation and exposure assessment. NRC’s recommendation for a series of nested exposure
models to estimate pesticide concentrations is not applicable to WQC
consultations. WQC establish exposure limits, at or below which unacceptable levels of adverse effects are not expected to occur. Conceptually,
quantitative exposure estimates are possible for WQC outcomes by
applying different tools and data sources in a more site-specific manner.
Pesticide registrations permit uses and exposures which would not occur
otherwise. WQC are developed for anthropogenic chemicals, but they
are also derived for naturally occurring metals, ions, and physical parameters which are influenced by pollutant discharges. The absence of WQC
does not preclude release of these pollutants, rather WQC adopted as
WQS place numeric, rather than narrative, limits upon their presence in
water bodies enabling more targeted assessment of the potential to affect
listed species. Problem formulation and conceptual diagrams for CWA
consultations should include benefits that flow from adoption of numeric
WQS (e.g., permit limits, use support, triggers for TMDLs and nonpoint source controls). NRC’s recommendations offer a path toward more
effective ESA consultations that will provide natural resource managers
with information to make solid, practical decisions on WQS, fostering
positive outcomes for threatened and endangered species.

“-Omic” Technologies and Their Real-World
Applications
698 A novel “Integrated Biomarker Proteomic” index to assess the
effects of freshwater pollutants in endangered species
F. Silvestre, Dept of Biology; K. Roland, M. Dieu, M. Raes, P. Kestemont,
Univ of Namur
Using proteomic data as biomarkers of environmental pollution has the
potential to be of a great interest in ecological risk assessment as they
constitute early warning indicators of ecologically relevant effects on
biological systems. To develop such specific and sensitive biomarkers,
the use of a set of proteins is required and the identification of protein
expression signatures (PES) may reflect the exposure to specific classes
of pollutants. Using 2D-DIGE (Differential in Gel Electrophoresis)
methodology, this study aimed at identifying specific PES on European
eel (Anguilla anguilla) peripheral blood mononuclear cells (PBMC) after
48h in vitro exposure to two sublethal concentrations of dichlorodiphenyltrichloroethane (p,p’-DDT) (10 µg/L and 1 mg/L) or cadmium (Cd)
(1 µg/L and 100 µg/L). The present results have been supplemented with

data of a first in vitro study on cells exposed to perfluorooctane sulfonate (PFOS) (10 µg/L and 1 mg/L). A total of thirty-four protein spots,
belonging to 18 different identified proteins found in all conditions, have
been selected as possible biomarkers to develop a synthetic Integrated
Biomarker Proteomic index (IBP). IBP follows a dose-response relationship with higher values at the highest tested concentration for each
pollutant (Cd: 9.96 ; DDT: 7.44 ; PFOS: 7.94) compared to the lowest
tested concentration (Cd: 3.81 ; DDT: 2.91 ; PFOS: 2.06). In a second
step, star plot graphs have been applied to proteomic data in order to
allow visual integration of a set of early warning responses measured
with protein biomarkers. Such star plots permit to discriminate the type
of pollutant inducing a proteomic response. We conclude that using IBP
is relevant in environmental risk assessment, giving to this index the
potential to be applied as a global index of proteome alteration in endangered species such as the European eel.
699 Adverse Outcome Pathways underlying narcosis toxicity and the
use of -omics technologies for screening potential narcotic chemicals
E.K. Brockmeier, Univ of Liverpool / Functional and Comparative
Genomics; D. Basili, Univ of Liverpool / Inst of Integrative Biology; G.
Hodges, Unilever Research / Safety and Environmental Assurance Centre;
E. Butler, Cranfield Univ; S. Gutsell, Unilever / SEAC; P. Antczak, F.
Falciani, Univ of Liverpool / Inst of Integrative Biology
While narcosis toxicity is estimated to occur in >70,000 industrial chemicals, there is still little known about the toxic mode of action (MOA).
This lack of understanding provides an enormous challenge to chemical
risk assessment and the evaluation of novel compounds. The objective
of this project is to use systems biology and –omics datasets to provide
insights into the mechanism of narcosis and to develop a tool for screening novel and potentially narcotic chemicals. As part of this project, we
first validated the use of the error model approach to determine genes
expressed significantly over controls using a low number of biological
replicates, allowing us to screen a larger number of chemicals while still
obtaining biologically-relevant data. We then exposed Caenorhabditis
elegans to a wide panel of chemicals, including narcotics classified as
non-polar (i.e., baseline narcosis) or polar, as well as a separate set of
chemicals which have specific modes of toxic action. Non-parametric
differential gene expression analysis revealed genes significantly different
between polar and non-polar narcotics, with biological enrichment in
nematode cuticle structure, drug metabolism, and neuropeptide signaling, providing insights into how these two classes of chemicals elicit
their impacts on C. elegans. Using differential gene expression, we also
identified a transcriptional ‘switch’ between low and high logKow narcotics, providing further support to the role of this endpoint in narcosis
toxicity. To identify genes which can distinguish between polar and
non-polar narcotics, as well as against chemicals with a specific MOA,
we utilized supervised multivariate statistical approaches with a genetic
algorithm (GALGO). Application of a functional QSAR approach linking over 2800 physical chemical features (PCFs) to biological pathways
within the GALGO model further determined which chemical features
and genes are the most useful for toxicity prediction. We also found
biologically enriched genes in C. elegans exposures that can be used to
distinguish different behavioral responses, indicating that –omics data
can be used to find links to potential ecological consequences. The resulting information from this approach allows us to determine key events in
the narcosis AOP across multiple species of ecological relevance, providing the foundation for both a mechanistic understanding of narcosis as
well as a screening tool for novel chemicals.
700 Environmental DNA assessment of a deepwater benthic
community
J. Bickham, Battelle Memorial Inst; D. Stoeckel, B. Metzger, Battelle; C.
Phillips, Texas Tech Univ; D. Lyon, Shell Oil Co. / Shell Health; G. Whale,
Shell Health / Shell Health Risk Science Team
Biodiversity assessments are a common feature of offshore oil and gas
industry environmental monitoring programs to assess potential adverse
impacts of drilling operations. We are currently assessing the potential
for environmental DNA (eDNA) methods to provide information about
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benthic community composition from deepwater sediments. Molecular
approaches like DNA barcoding and eDNA could potentially be less
expensive, safer, and more accurate than the traditional methods in
which organisms are isolated from large grab samples of sediment by
sieving, preserved and subsequently identified by experts. We used
collection of eDNA combined with sequence analysis of the barcoding
gene (COI) to investigate a community of deepwater marine organisms.
DNA from a diversity of marine species, as well as from terrestrial and
freshwater species which had likely been deposited by river outflow, was
detected using BLAST against an extensive database of reference COI
sequences. In addition, a high percentage of unidentified sequences was
observed. Investigation into the nature of the unclassified sequences
revealed those with high read counts were predominantly COI genes
from marine organisms not identified by BLAST, indicating that library
coverage was incomplete. Chimeric sequences were also detected among
the unclassified sequences with low read counts. Factors being investigated to decrease the percentage of unclassified sequences include the
choice of DNA polymerase, decreasing the length of the amplicon, and
developing a broader range for the COI reference database.
701 Fish Connectivity Mapping: A Transcriptomics-based Tool for
Ecotoxicology
R. Wang, USEPA / Ecological Exposure Research Division; A. Biales,
USEPA / National Exposure Research Laboratory; N.G. Vinas, Mississippi
State Univ; E.J. Perkins, US Army Engineer Research and Development
Center / Environmental Laboratory; D.L. Villeneuve, USEPA / MidContinent Ecology Division; G.T. Ankley, USEPA / National Health
and Environmental Effects Research Laboratory; D.C. Bencic, USEPA /
National Exposure Research Laboratory
In spite of years of effort, the full potential of transcriptomics for ecotoxicology is yet to be realized in such areas as exposure assessment of
chemicals, discovery of their mechanisms of action (MOAs), and toxicity
evaluation, both in terms of reliability and efficiency. Connectivity mapping (Cmap) is an approach originated in biomedical research to establish
linkages of chemical-chemical or chemical-disease states. They are made
possible by statistical determination of the non-random distribution of
query gene signatures on rank-ordered gene lists (ROGLs), each of which
is generated from gene expression profiles (GEPs) of a chemical-treated
sample over its control. The greater the coverage of chemicals there is in
a database of ROGLs, the more powerful Cmap becomes. The Cmap
concept should be equally applicable in ecotoxicology for applications such
as exposure assessment, hazard identification, and MOA determination.
In the absence of dedicated resources to build a Cmap reference database, however, the development of fish Cmap will depend on a successful
integration of the massive number of fish GEPs currently available in the
public “-omics” repositories such as NCBI GEO and EBI ArrayExpress.
These GEPs are heterogeneous, representing data primarily from several
major fish species of scientific and economic importance, multiple gene
expression profiling platforms, and many different laboratories. This presentation will demonstrate a proof of concept study of fish Cmap where
over 3000 fathead minnow and zebrafish GEPs have been examined. In
general, Cmap could reliably connect the same/similar class of chemicals within a species, thus effectively making a simple gene signature as
an exposure biomarker without its complicated process of development
and validation. And furthermore, Cmap also established robust linkages
among seemingly different chemicals because of their shared MOAs,
providing a basis for their grouping and relative toxicity assessment. To
build on these promising results, future improvements of this tool will be
made by expanding the coverage of chemicals in the fish Cmap database,
and conducting further validation of Cmap across fish species.
702 In Situ Field-Based Metabolomics for Evaluating the Impacts of
Contaminants of Emerging Concern Relative to Other Stressors
T. Collette, Ecosystems Research Division; J. Davis, USEPA / Ecosystems
Research Division; J. Beihoffer, USEPA / NEIC; A. Jastrow, K. Dahlin, M.
Murphy, D. Nguyen, K.A. Keteles, USEPA / Region; D. Ekman, USEPA /
Ecosystems Research Division
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Significant attention is being devoted to the potential impacts on
ecosystems from contaminants of emerging concern (CECs; including pharmaceuticals, personal-care products, etc.). Many of these are
persistent, distributed globally, and have been shown to cause adverse
impacts on aquatic organisms. However, it is unclear what contributions CECs make to overall impacts on biota relative to other stressors
that are present in the water column or in sediment. For example, many
legacy contaminants such as organochlorine pesticides and heavy metals
persist in the environment and are considerably toxic. In addition, biota
suffer adverse impacts that are not direct toxic effects from exposure to a
specific chemical (e.g., effects from abnormal pH, temperature, and dissolved oxygen). An approach that could tentatively rank relative impacts
of various stressors (e.g., CECs vs legacy contaminants, or one type of
CEC vs another type) would be a welcomed addition to the arsenal of
tools available for environmental regulators, helping to inform toxicity testing and monitoring programs, and remediation activities. We
have proposed that the coupling of conventional chemical (and water
quality) analysis with in situ field-based metabolomics may represent a
useful approach for providing this information. Specifically, for the case
of chemical pollutants, we have predicted that anthropogenic chemicals whose abundances co-vary with changes in endogenous metabolite
profiles would be more likely related to adverse biological impacts than
those chemicals that did not co-vary. Here, we will present results from
a field study that addressed this proposal. Specifically, fathead minnows
(Pimephales promelas) were cage-deployed in the South Platte River, CO
below two WWTPs, and also at a reference site. Chemical and waterquality analyses were conducted along with endogenous metabolite
profiling of liver extracts via NMR spectroscopy. We will present results
from this study as a proof-of-concept for a partial least square regression method for prioritizing the impact of CECs and other stressors in
aquatic ecosystems, based on their extent of co-variance with biological
impacts, as measured by metabolomic endpoints.
703 Individual variability in fish transcriptomes: The influence of
reproductive strategy and gonadal stage
D.A. Dreier, N.D. Denslow, Univ of Florida / Physiological Sciences; C.J.
Martyniuk, Univ of Florida / Biology
Transcriptomic technologies are now widely used for characterizing the
effects of stressors on organisms in the aquatic environment. However,
few studies have quantified individual variability of the transcriptome,
which is important for designing experiments and determining critical
effect sizes for environmental monitoring programs. A number of studies
have measured relative transcript abundance in the ovary in the fathead
minnow and largemouth bass over a reproductive cycle, yet no study
has compared individual variability of the transcriptome in these two
fish species that exhibit different reproductive strategies. The primary
objective of this study was to characterize gene expression variability
in these species over different reproductive stages. As fathead minnows
are fractional spawners, it was hypothesized that the collective individual variability in transcript abundance would be greater than that of
largemouth bass, a synchronous spawner. Microarray data were obtained
for non-treated individuals from previous studies, and these were normalized and grouped according to reproductive stage. Genes that were
measured with both microarray platforms were identified (3462 common
genes), and variability in mRNA abundance was determined using the
coefficient of variation (CV). Based on these transcripts for all reproductive stages, the fathead minnow transcriptome showed higher variability
than largemouth bass (p < 0.0001), and both species showed the lowest
variability in the ovary during the vitellogenic stage. In addition, there
was a positive relationship between gonadosomatic index (GSI) and
variability of the transcriptome. For both species, transcripts with low
expression intensities had greater variability than transcripts that were
more abundant. Finally, a meta-analysis was also conducted using 388
microarrays across 14 fish species and concluded that fractional spawners showed higher variability in mRNA abundance within reproductive
tissues (e.g., liver and gonad) when compared to synchronous spawners. Thus, these data suggest reproductive strategy, gonadal stage, and
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transcript abundance influence the variability of gene expression, and
these factors are important considerations when implementing transcriptomic methodologies into real-world monitoring applications.
704 Integrating high-throughput RNA sequencing in the health
assessment of yellow perch populations from the St. Lawrence River,
Canada
M. Houde, Environment Canada / Centre Saint-Laurent; M. Douville, M.
Giraudo, Environment Canada; P. Brodeur, Ministère de lEnvironnement
The St. Lawrence River is an important North American waterway that
flows from the Great Lakes to the Atlantic Ocean. This unique ecosystem is highly impacted by anthropogenic activities such as wastewater
and industrial effluents as well as agricultural runoffs. The indigenous
yellow perch (Perca flavescens) has had great economic and cultural
importance for more than four decades. However, the precarious status
of the population from the fluvial Lake St. Pierre, a large sector of the
river, has led in 2012 to a five-year moratorium for both sport and commercial fishing. In order to better understand the factors explaining the
collapse of the yellow perch population in Lake St. Pierre and manage
its recovery, a multi-disciplinary health assessment was elaborated in
2014. The objectives of the study were to compare parameters at the
genomic, cellular, and tissue levels in perch collected at four geographical sites of the St. Lawrence and investigate the relationships within
the biological organization. The hepatic de novo transcriptome of perch
was sequenced and assembled by high-throughput RNA sequencing at
each site. RNA-seq was used as a screening tool to identify differentially
expressed genes (fold change = 2, p< 0.01) using perch from a remote
lake as controls. Unique transcripts were significantly over- and undertranscribed at each compared to the control site indicating potential
impacted biological pathways (e.g., immune functions, retinoids, lipid
peroxidation). Candidate genes were further analyzed by qRT-PCR
to confirm transcriptomic responses. Differences in gene expression
and related biomarkers activities were observed between populations
particularly in perch from Lake St. Pierre. Results suggest that the environmental stressors in this highly agricultural sector of the river, where
the perch population has collapsed, may be different from other locations
of the St. Lawrence. No major histological differences were observed for
liver between locations. Additional biological pathways identified with
the genomic tools will be investigated in perch collected in 2015 and
complementary in vivo exposure to pesticides will be conducted in the
lab. Results from this health assessment research will undoubtedly support decisions related to the restoration of this resource.
705 Moving ‘omics into environmental regulation: Issues, applications and a path forward
A. Biales, USEPA / National Exposure Research Laboratory; K.G.
Sappington, Office of Pesticide Programs; D.C. Bencic, USEPA / National
Exposure Research Laboratory; N.D. Denslow, Univ of Florida /
Physiological Sciences; C.J. Martyniuk, Univ of Florida / Biology; D.M.
Eignor, USEPA / Office of Water Office of Science and Technology; D. VidalDorsch, Southern California Coastal Water Research Project / Toxicology;
A. Chariton, CSIRO Land and Water / Molecular Ecology and Toxicology;
D. Ekman, USEPA / Ecosystems Research Division; R.E. Connon, Univ of
California, Davis / School of Veterinary Medicine; K. Gallagher, USEPA /
Office of Water
Omics technologies have been proposed as a panacea for a number of
long-standing issues in environmental regulation. These technologies
focus on changes on the subcellular level (transcript, protein or metabolite) in response to stimulus. A considerable amount of research effort has
been directed at developing these technologies for use in environmental
regulation; however, progress has been exceedingly slow. Initially, this
was likely due to limitations in the technology and to the relatively poor
characterization on the molecular level of ecologically relevant species.
In recent years, however, there have been considerable technological advancements in the available technology, resulting in increased
confidence in their application. Likewise, with the advent of next generation sequencing, it has become possible to characterize the genome of a
large variety of ecologically relevant species. Over the last several years a

community of academics, governmental scientists and the regulatory and
regulated community has formed with the aim of moving the omics into
environmental regulation. An effort to identify regulatory applications
for omics research and the critical barriers limiting their use was initiated
in a workshop conducted at the Society of Toxicology and Chemistry
North America Meeting in Vancouver of 2014. This group has begun to
work through these issues and to establish a roadmap for how to move
these technologies forward. This presentation will overview the progress
made thus far.

Environmental mixtures of chemicals:
Aquatic exposure-based approaches for
simplification and implementation
706 Pellston overview: Simplifying environmental mixtures - an
aquatic exposure-based approach via exposure scenarios
G. Burton, Univ of Michigan / School of Natural Resources Environment; N.
Aust, Federal Environment Agency (UBA) / Biocides; S.D. Dyer, The Procter
& Gamble Company / Environmental Stewardship and Sustainability
Organization; S. Marshall, Unilever / Safety and Environmental Assurance
Centre; L. Posthuma, RIVM / Centre for Sustainability Environment and
Health; P. Whitehouse, Environment Agency UK / Evidence
A Pellston Workshop on Environmental Mixtures was conducted in
March 2015 in Valencia Spain. The workshop consisted of 38 invited
experts covering key areas of agriculture, urban, municipal and complex
watershed assessments from industry, government and academia and
10 countries. Each group consisted of a multidisciplinary team with
exposure, toxicity and risk/impact assessment expertise pertinent to the
scenario. Current risk frameworks applicable to chemical mixtures but
they appear to be too complicated for verification and forecasting for
risk managers. A key question for the workshop was “can we develop a
testable framework to navigate through the uncertainties and complexities of assigning causality and that provides tools for iterative forecasting
of risks based on probable exposure scenarios”? The workshop addressed
this need by exploring whether we can simplify the exposure-response
morass into typical exposure scenarios without losing scientific credibility. One of the overall aims that emerged was to propose both
retrospective and prospective approaches for deriving a likely chemical
profile in a receiving river catchment to help explain field observations
or to provide a background against which the toxicity e.g., of a new
product or a new usage might be assessed. The result of integrating the
exposure scenarios is a series of time-course concentration profiles for the
chemical mixtures. The framework provides a flexible, tiered approach
for interpreting acute and chronic toxic pressures utilizing established
mixture-toxicity models and various refinement options.
707 Aquatic exposures to chemical mixtures: An urban typology
M. Galay Burgos, ECETOC / Environmental Sciences; D.C. Muir,
Environment Canada / Aquatic Contaminants Research Division; T.
Parkerton, ExxonMobil Biomedical Sciences Inc. / Toxicology Environmental
Science; W.J. Adams, Rio Tinto / Legacy Management; K. De Schamphelaere,
Ghent Univ / Laboratory for Environmental Toxicology and Aquatic Ecology
GhEnToxLab unit; J. Hollender, Eawag / Environmental Chemistry; M.
Junghans, Swiss Centre for Applied Ecotoxicology EAWAG - EPF / Ecotox
Centre; G. Merrington, Environment Agency UK; N. Suzuki, National Inst
for Environmental Studies; R. Williams, Centre for Ecology & Hydrology
Maclean Building; G. Whale, Shell Health / Shell Health Risk Science Team;
D. De Zwart, RIVM / Centre for Sustainability Environment and Health
Urban regions are the fastest growing areas globally. By 2030 it is
estimated that nearly 60% of the world population will be in urban areas
(United Nations 2014). Urban areas have historically been located along
water bodies that support economic development through transportation of goods via shipping. Infrastructure for collection and treatment
of industrial and domestic wastewater is expanding but generally is
outstripped by urban growth (Corcoran et al 2010). The growing area
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of impervious surfaces of the urban environment can represent a direct
source of contaminants to surface waters during storm events unless
storm-water management infrastructure such as catch basins and retention ponds is present (Marsalek et al 2007). Urban storm-water runoff
has been described as presenting one of the greatest challenges to ensuring clean water for human and ecological health (National Research
Council 2008). Storm water overflows from combined sewer system,
particularly in older cities and incomplete sewerage infrastructure in
urban areas provide additional sources. The urban scenario also has to
consider non treated or partially treated point sources from industrial
origin, substances used for material protection (e.g., biocides in facade
paint), external use by households (e.g., domestic pesticides, fertilizers)
as well as diffuse inputs from dry and wet atmospheric deposition. A
preliminary assessment of contaminants reported in urban storm waters
and combined overflows shows that metals (Cu, Zn, Al, Fe, V, Pb),
phosphorus, insecticides, and PAHs are chemicals of concern. As a
consequence of these various sources, biota present in water catchments
subject to increasing urbanization will be exposed to a diffuse mixture
of chemical stressors. This poster, which is an output of the SETAC
Pellston workshop on “Simplifying environmental mixtures: An aquatic
exposure-based approach via exposure scenarios” focuses on the urban
discharge scenario that includes runoff from impervious surfaces, sewer
overflows and industrial inputs. Our aim is to develop an urban typology or typologies that can be used to both help understand the ecological
response of urban rivers and simplify the risk assessment process for
evaluating chemicals comprising this mixture. This requires detailed
information on the chemicals of concern (concentrations, typical emission rates from various surfaces etc.) as well as on urban hydrology.

population size and associated wastewater flow, and perhaps the geographic region and/or climatic regime. Municipal WWTP discharges
are often subject to wide variations in chemical composition because
of changing inputs to the plant. The hydraulic retention time of the
WWTP, as well as any other process that tend to equalize the water
being treated, may provide some consistency in effluent composition
over time and therefore some predictability regarding mixture composition. Hence, there is a typical domestic wastewater chemical signature.
Having this knowledge has enabled the derivation of prospectively based
risk assessments that can be compared to retrospective assessments of
aquatic communities (algae, invertebrates, fish). This link provides a
strong suite of evidence that enables the robustness of simplifying the
environmental risk assessment of chemical mixtures emanating from
domestic wastewater discharge.

708 Assessment of PAH Contribution to Superfund Site Hazard
Using a Representative PAH Mixture and a Zebrafish Developmental
Toxicity Model
J. Minick, M. Geier, R.L. Tanguay, K.A. Anderson, Oregon State Univ /
Environmental and Molecular Toxicology
Organisms and humans are exposed to complex mixtures of polycyclic
aromatic hydrocarbons (PAHs) at Superfund Sites. Traditional risk
assessment and management practices focus on the additive toxicities of
individuals PAHs, but this approach may be misleading due to synergistic
or antagonistic effects. One method used to account for this confounding
factor is to directly model the toxicity of the mixture. Mixture complexity
and variability within a site can make this difficult, but the relative ratios
of individual PAHs from common sources are often similar. Construction
of “typical” or sufficiently similar mixtures afford risk assessors and
managers a more practical and refined tool for assessing mixture toxicity.
In this study, the ten most abundant PAHs found at the Portland Harbor
Superfund Megasite were placed into a mixture based on their freely
dissolved (bioavailable) levels measured via low density polyethylene passive sampling devices. This “Supermix 10” was constructed based on the
average relative ratios of the most abundant PAHs from three different
locations and at three different sampling periods. The high throughput
embryonic zebrafish assay was used to determine developmental toxicity and AhR activation via CYP1A1 immunohistochemistry for both
the individual PAHs and Supermix 10. Previous work from the Oregon
State Superfund Research Program indicate that several of the individual
PAHs are developmentally toxic and induce CYP1A1 in zebrafish at high
concentrations. The concentrations at which effects are seen for individual
PAHs will be compared to the Supermix 10.

710 Using prospective assessment to assess mixtures in municipal
wastewater effluents
J.M. Diamond, Tetra Tech, Inc.; J. Tolls, Henkel AG & Co. KGaA; J. Snape,
AstraZeneca UK Ltd. / AstraZeneca Global Environment; A. Coors, ECT
Oekotoxikologie GmbH; R. Altenburger, UFC Centre for Environmental
Research / Dept of Bioanalytical Ecotoxicology; K. Leung, Univ of Hong
Kong / The Swire Inst of Marine Science and School of Biological Sciences; X.
Zhang, Nanjing Univ / Environmental Science; A. Koelmans, Wageningen
Univ / Aquatic Ecology and Water Quality Management Group; S.D.
Dyer, The Procter & Gamble Company / Environmental Stewardship and
Sustainability Organization
Municipal Waste Water treatment plants (WWTP) are known to be
a source of various types of “down the drain” chemicals that are either
unregulated or fall under diverse regulatory strategies. These “emerging
contaminants” are targeted by diverse regulatory agencies concerned with
potential environmental effects of these chemicals both independently
and as mixtures. To address the prospective risk of these mixtureswe
evaluated two scenarios; one in which a WWTP receives only domestic
waste from a fairly small population, and a more complex scenario, in
which we evaluate a municipal WWTP that receives wastewater from a
large hospital and serves a larger population. We identified representative chemicals originating from human activities such as cleaning and
personal care products based on information from European WWTP
effluents and other sources. Chemical loadings to the WWTP were
identified based on per capita per day information. Removal rates for
each contaminant was based on its physico-chemical and biodegradation properties as well as different wastewater treatment processes to
determine chemical concentrations (and mixtures) for different scenarios.
Predicted environmental concentrations (PECs) of chemicals were
compared with predicted no effect concentrations (PNECs) available
from the literature and concentration addition was used to estimate the
mixture risk for each scenario. Given activated sludge or higher levels of
treatment, very few of the representative chemicals selected individually
presented a risk to aquatic life in either scenario even when PECs were
increased over 10-fold. Given the chemicals used in this analysis and a
concentration addition approach, mixture risk appeared to be driven by
very few chemicals. Under the hospital scenario, greater mixture risk was
observed in our analysis due to certain pharmaceuticals such as antibiotics, as well as hormones, and contrast media chemicals. Scenarios such as
those used here can provide the basis for developing testable hypotheses
for studies that include the use of biomonitoring or retrospective-based
mixture assessments.

709 Overview of the domestic discharge scenario for simplifying
chemical mixtures assessments
S.D. Dyer, The Procter & Gamble Company / Environmental Stewardship
and Sustainability Organization; J.M. Diamond, Tetra Tech, Inc.
Municipal Waste Water treatment plants (WWTP) are known to be a
source of various types of chemicals including pharmaceuticals, personal
care products, household pesticides, naturally occurring hormones and
steroids, metals, salts, and others. The particular chemical mixture present in a given WWTP discharge probably depends on several factors
such as the type of wastewater treatment and its operation efficiency,

711 A retrospective approach to assessing mixtures in municipal
wastewater effluents
K.A. Kidd, Univ of New Brunswick; M.R. Servos, Univ of Waterloo / Dept
of Biology; A. Koelmans, Wageningen Univ / Aquatic Ecology and Water
Quality Management Group; M. Focazio, USGS / Environmental Health;
J. Diamond, Tetra Tech, Inc.; S.D. Dyer, The Procter & Gamble Company /
Environmental Stewardship and Sustainability Organization
An ongoing challenge is understanding the potential effects of chemical
mixtures in municipal wastewater treatment plant (MWTP) effluents
on downstream organisms. In retrospective assessments, biological
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condition downstream of the effluent discharge is examined and used
to identify whether there is impairment and, if so, whether chemicals
in the effluent could be contributing to the observed impairment. It
also takes into account pollutant bioavailability in the receiving waters.
Herein we propose a framework to conduct retrospective assessments
of MWTP discharges that builds upon exposure scenarios, mixtures,
and their components, identified by prospective risk assessments (PRA).
In this framework, retrospective assessments are designed to verify the
predictions of the PRA in real-world environments receiving wastewater effluents. The major advantage of a retrospective assessment is the
ecological relevance provided through prioritized chemical and biological assays and integration of the potential interactions of non-chemical
factors. This retrospective framework builds upon the PRA results and
addresses the following series of questions: Is there evidence of chemical
mixture exposure as predicted by the PRA? Is there evidence of biological exposures and responses to the mixtures in effluents? Do field studies
indicate biological responses consistent with the outcomes predicted by
PRA? Can the biological responses be linked to population or community level effects? This framework has been designed to provide feedback
to a PRA and information to assess management options for these
discharges.
712 Seasonal and spatial variations of ecotoxicity and basic water
quality in two watershed areas in Japan: Multivariable analyses to find
a trend
H. Yamamoto, Tokushima Univ / Faculty of Integrated Arts and Sciences; M.
Mitsuyama, M. Enyama, S. Nishiie, Tokushima Univ; I. Tamura, Okayama
Univ; N. Tatarazako, National Inst for Environmental Studies
It is the huge challenge to identify the toxicants of concern from riverwater samples, environmental mixture of chemicals, rather it may be
beneficial to roughly estimate toxicity from certain basic water quality
items. Samples were monthly collected in one site of Yoshino River,
Tokushima, over a period of two and a half years and watershed-wide
sampling was conducted for Yoshino River and Yodo River. Short-term
chronic toxicity tests were conducted for whole water samples using fish
(Danio rerio), daphnia (Ceriodaphnia dubia), and alga (Pseudokirchneriella
subcapitata), and Microtox test was also conducted. Basic water quality
items such as BOD, COD, NH4+-N, and hardness were determined
as well as in site measurements of DO, pH, and electric conductivity
(EC) to determine the trend among spatial and temporal variations for
these values using multi-variable analyses such as principal component
analysis (PCA), factor analysis, and clustering analysis. The frequency
of detecting adverse effects for at least one organism was less than 20%
and the toxicity was only found for C. dubia and P. subcapitata for all the
samples. The relatively strong toxicity was found for Ina River of Yodo
River watershed in northern part of Osaka metropolitan area. The PCA
results suggest BOD, COD, hardness, NH4+-N, and EC are in the
similar area with relatively high PC1 component while DO value is in
negative value. Similar trend was found for the factor analysis and the
organic compounds originated from human activities such as domestic
wastewater are probably the major factors. On the other hand, the PC2
was higher only for daphnia reproduction/survival, which suggests the
toxicity for C. dubia is the specific item with little correlation with the
other basic water quality items. pH and algal toxicity was found to be
near the origin with no tendency was evident. The clustering analysis
revealed that major sampling points in upstream of Yoshino River were
separated from downstream points in Yoshino River and Yodo River
watershed areas. This tendency is mainly because of the relatively high
BOD/COD, ammonium-nitrogen, EC, and hardness in downstream
compared to those in upstream. Further investigation is of course necessary to better understand the relationship between the ecotoxicity and
the concentrations of contaminants of concern based on the individual
chemical analysis.

713 Risk assessment for mixtures of agricultural chemicals in surface
water; a SETAC Pellston workshop update
C.M. Holmes, Waterborne Environmental, Inc.; M. Hamer, Syngenta; C.
Brown, Univ of York / Environment Dept; R.L. Jones, Bayer CropScience
/ Environmental Safety; L. Maltby, The Univ of Sheffield / Dpt of Animal
Plant Sciences; E.M. Silberhorn, US Food and Drug Administration /
Environmental Safety Team; J. Teeter, Elanco Animal Health, a division
of Eli Lilly & Co / Elanco Animal Health; M.S. Warne, DSITI / Water
Quality and Investigations; L. Weltje, BASF SE / Agricultural Centre
In March of 2015, a SETAC Pellston workshop was held to help inform
decision making around aquatic mixture risk assessments of chemicals
using exposure scenarios and decision trees. The efforts were broadly
grouped into three areas of chemical origination: agriculture, domestic,
and urban influences (a separate integration group was charged with
looking at overarching issues). The agricultural land use combined
effect measures with exposure scenarios of chemical mixtures for field
and catchment-scale using procedures that are recognized and used in
regulatory schemes in the U.S., Europe and other parts of the world.
Chemicals modeled were those used in crop protection and livestock production, and were considered to occur as mixtures (in time and space).
Two types of scenarios were defined including a single unit that could
represent a variety of typical chemical input locations (e.g., feed lot,
agricultural field, pasture, aquaculture, biosolids applications, etc). The
second scenario was multi-unit, combining several different uses within
a single catchment/watershed. These assessments considered inputs from
spray drift, surface runoff and erosion, and/or tile drainage systems on a
daily basis over an extended period of time (e.g., from one to 30 years).
Case studies included a single unit scenario modeled as a wheat field in
Eastern UK, consisting of crop protection applications of 13 substances
over the course of the year. This scenario used standard FOCUS soil,
weather and receiving water body information for consistency. The case
study of a multi-unit catchment scenario consisted of a combination
of corn fields, pasture, and feedlot inputs based in part on the USEPA
Iowa corn scenario used in pesticide registration evaluations. Manure
from treated cattle containing two different pharmaceutical substances
(a parasiticide and a macrolide antibiotic) was applied to corn fields as
fertilizer, and also originated from pastured cattle. Twelve different
active substances for crop protection were modeled on the corn field.
These applications ranged from a pre-plant herbicide to a late-year
fungicide application. A risk assessment decision tree looked at estimated
environmental concentrations of all active substances on a daily basis,
with subsequent mixture risks evaluated according to methodologies
developed under a separate effects workgroup within the same Pellston
workshop. A summary of the framework, methodologies and results will
be presented.

Fate and Effects of Selenium
714 Concentration dependence and interspecific differences in selenium partitioning between fish tissues
A.M. deBruyn, E. Costa, A. Atkinson, Golder Associates Ltd
Selenium can impair the development and survival of fish embryos, making egg selenium concentrations the most relevant measure for evaluating
effects on fish. However, muscle and whole body sampling are more
practical for monitoring. Therefore, methods are needed to translate selenium concentrations between tissues. Previous approaches have assumed
a constant ratio of concentrations between tissues. We used regression
analysis to test this assumption by evaluating the concentration dependence of conversion factors for 30 freshwater fish species from across
North America. Conversion factor ratios were typically between 1:1 and
3:1 for most species, although some species exhibited consistently higher
ratios (e.g., mountain whitefish). In some cases, concentration dependence was apparent, indicating that a constant ratio may not provide an
accurate translation.
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715 An adverse outcome pathway for the interaction between selenomethionine and hypersalinity in Japanese medaka (Oryzias latipes)
embryos
A. Kupsco, Univ of California - Riverside / Environmental Toxicology
Program; D. Schlenk, Univ of California Riverside / Dept of Environmental
Sciences
Activities that perturb naturally seleniferous soils, such as mining and
agriculture, cause the release of selenium into waterways. Although
selenium is an essential micronutrient, it has demonstrated embryo toxicity to fish. Selenomethionine (SeMet) is an organic form of selenium
passed to developing embryos through maternal transfer. As climate
change worsens, the salinity of spawning grounds in certain estuaries is
increasing due to sea level rise. Hypersalinity may not have direct lethal
effects on adult fish, but may alter detoxification strategies of developing organisms. We have previously demonstrated the ability of salinity
to potentiate SeMet toxicity in Japanese medaka by decreasing percent
hatch, and increasing deformities. We previously identified SeMet
exposures at stage 25 (48 hours post fertilization) for 24 hours as the
most susceptible stage to hypersaline potentiation of SeMet toxicity. The
objectives of this study were to investigate the molecular mechanisms of
these effects to generate an Adverse Outcome Pathway for the interactions between SeMet and hypersalinity (AOP). Oxidative stress, the
unfolded protein response and apoptosis were examined in Japanese
medaka (Oryzias latipes) embryos treated with 5µM SeMet in freshwater
and in San Joaquin River Valley saltwater beginning at stage 25 and
lasting 24 hours. Apoptosis was measured with acridine orange, and
oxidative stress with dichlorofluoroscein in order to observe the localization of these effects. In situ hybridization of CHOP and BiP were used
as measures of the unfolded protein response. Preliminary data indicated
apoptosis and oxidative stress were only induced in embryos exhibiting
severe deformities immediately following treatment, and were localized
to deformed areas. Treated embryos that were not deformed were not
significantly different from controls. However, increases in the unfolded
protein response were observed in the spinal column and head of all
SeMet treated embryos. This suggests that deformities and mortality
generated from SeMet and hypersalinity occur from activation of these
pathways, which are involved potentially in a tissue-specific AOP.
716 Selenium toxicity to fish: The derivation and application of a
multi-species dose-response slope
E. Costa, K. Dawe, Golder Associates Ltd.; A. deBruyn, Golder Associates /
Environmental Science
Some previous analyses have concluded that many (or all) fish species
have similar sensitivity to selenium, with a threshold for reproductive
toxicity near 20 mg/kg dry weight in eggs. These conclusions are typically based on a comparison of EC10s among species. However, EC10s
for selenium are challenging to estimate with precision. Dose-response
curves for selenium tend to be steep, but responses at low egg selenium
concentrations are often quite variable. This results in elevated uncertainty in the slope of the curve. Our analysis combined information from
multiple fish species to compare sensitivity among species and evaluate the feasibility of deriving a multi-species dose-response slope. We
obtained raw toxicity data for 11 fish species. For each species with sufficient data, we used logistic regression to fit dose-response curves. We
then generated a multi-species slope estimate using all data from these
species. We discuss the evidence for differences in sensitivity among
species, and we evaluate the practicality of using a multi-species slope to
estimate reproductive toxicity thresholds for species with “no effect” data.
717 Selenium Effects on Mallard Duck Egg Hatchability:
Concentration-Response Curve Interpretations
C.G. Delos, K. Taulbee, D.O. McIntyre, Great Lakes Environmental Center
To protect aquatic-dependent birds, a selenium water quality standard
of 12.5 mg/kg egg/embryo (dry weight) was adopted by the State of
Utah for the Great Salt Lake in 2008 and approved USEPA Region 8 in
2011. This value represents the EC10 from a meta-analysis by Ohlendorf
(2003), who fitted a two-parameter logistic model to a combined dataset
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from six different laboratory studies with mallard ducks (Heinz et al.
1987, 1989; Heinz and Hoffman 1996, 1998; Stanley et al. 1994, 1996).
In this presentation, the data from these six studies were reanalyzed from
various perspectives. Using USEPA’s Toxicity Relationship Analysis
Program (TRAP), the influence of egg Se on hatchability was analyzed
in two different ways, both having first adjusted each response for the
corresponding control response. The first was a nonlinear regression
analysis of treatments and controls. The second was a tolerance distribution analysis that excluded the controls for reasons that will be discussed.
These results were then compared to EC10s calculated by the biphasic
model of Beckon (2008). A biphasic approach (predicting reduced hatchability at too low as well as too high Se exposure) allows for different
perspectives about what the background response should be, such that
the EC10 depends on how this background response is specified. The lab
results analyzed by these various approaches were then compared with
mallard egg hatchability observed in field-collected eggs (USFWS 2011).
718 Using dynamic modeling to determine the mechanisms of selenium biotransformation in green algae
B. Vriens, Eawag Swiss Federal Inst of Aquatic Science and Technology; R.
Behra, Eawag / Dept of Environmental Toxicology; A. Voegelin, Eawag
Swiss Federal Inst of Aquatic Science and Technology; A. Zupanic, Eawag
Swiss Federal Inst of Aquatic Science and Technology / Environmental
Toxicology; L. Winkel, Eawag Swiss Federal Inst of Aquatic Science and
Technology
Microalgae may play a major role in the global biogeochemical selenium
(Se) cycle because they can internalize Se and produce volatile, methylated Se species that can be emitted to the atmosphere. However, the
underlying biochemical mechanisms that govern the uptake, metabolism
and methylation of Se are poorly understood. Therefore, we investigated
Se methylation as a function of uptake and metabolism in the model
microalgae Chlamydomonas reinhardtii using simultaneous measurements
of aqueous-, intracellular- and volatile Se compounds together with
dynamic modeling. The alga internalized selenite using phosphate- and
monocarboxylate transporters ten-fold more efficiently than selenate
via sulphate transporters. The intracellular Se speciation consisted of
organo-Se compounds (up to 6 mM) and, in the case of high intracellular Se contents, zerovalent Se (up to 85% of intracellular Se). In addition,
C. reinhardtii produced methylated Se species with rates up to 160 amole
Se.cell-1.h-1 so that up to 81% of the intracellular Se could be removed
through volatilization. A dynamic model based analysis of the data suggests that competition between selenite and phosphate determines the
dynamics of selenite uptake and that transformation into zerovalent selenium is triggered by a high internal selenium concentration. Although
the model was calibrated by measurements in high selenium concentration, model extrapolations to environmentally relevant concentrations,
such as those found in the oceans, matched field observation, adding to
the validity of the model.
719 Enrichment Factor Variation in Calibration of a Selenium
Bioaccumulation Model
H.M. Ohlendorf, C.A. Arenal, R.L. Dimacali, C.A. Irvine, CH2M Hill
Predicting selenium (Se) concentrations in fish from waterborne Se
is challenging because site-specific chemical, physical, and biological
conditions affect bioaccumulation. It is necessary to understand these
processes to assess ecological risks and predict potential environmental hazards associated with changes to water management at mining,
agricultural, or industrial facilities. Future water management actions
that would alter waterborne Se concentrations in the Sacramento/
San Joaquin River Delta may affect Se bioaccumulation and/or toxicity to resident fish, because Se concentrations in the San Joaquin River
are several times higher than those in the Sacramento River. We used
historical largemouth bass (Micropterus salmoides) tissue data from 2000,
2005, and 2007 and measured or modeled waterborne Se concentrations
to model water-to-tissue relationships in the Delta, generally following conventional published procedures. However, using literature-based
default enrichment factors (EFs [sometimes called Kds]; from water to
particulates) and default trophic transfer factors (TTFs; from particulates
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to invertebrates and invertebrates to fish), or modified EFs measured
at a location within the Delta and the default TTFs, produced variable
results that did not match measured Se concentrations in bass. Notably,
measured Se concentrations in bass from where the Sacramento and
San Joaquin Rivers enter the Delta did not differ, even though the San
Joaquin River is considered a significant source of Se to the Delta. The
EF (rather than TTF) is typically the most variable contributor to differences in bioaccumulation among locations or time periods. Therefore,
we investigated different approaches to deriving EFs and calibrating
a Delta-specific bioaccumulation model that best fit the uptake from
water to whole-body fish. Using measured fish data, default TTFs, and
back-calculation of the EFs, we found a log-log relationship between the
EFs and waterborne Se. EFs varied between wet/normal years (median =
2230) and dry years (median = 6228), and by location (e.g., Sacramento
River mean = 5439; San Joaquin River mean = 841). Higher EFs with
lower waterborne Se concentrations are consistent with expectations
based on literature, and developing site-specific EFs was essential toward
modeling potential future conditions in the Delta and informing water
management decisions.
720 Comparison of one-step versus multi-step selenium bioaccumulation models in support of developing aqueous environmental
benchmarks
J.L. Van Geest, K. Dawe, A. de Bruyn, Golder Associates Ltd.
Management of selenium pollution in the aquatic environment is based
on the prevailing paradigm in selenium toxicology, in which chronic
effects are manifested via maternal transfer to the developing embryo,
and are typically of greatest concern for egg-laying vertebrates with
aquatic diets (i.e., fish, aquatic-feeding birds, and amphibians). Therefore,
the potential for toxic effects of selenium is more directly evaluated relative to the exposure of developing embryos (i.e., concentrations in eggs).
Tissue-based effects concentrations can be related to concentrations
in water by consideration of bioaccumulation in relevant aquatic biota.
Aqueous science-based environmental benchmarks can be developed
by back calculation from tissue-based effects benchmarks for sensitive
fish and bird species, using site- and species-specific data to characterize
the relationship between tissue and aqueous selenium concentrations,
through the use of bioaccumulation models. To support refinement of
these aqueous environmental benchmarks, a variety of studies were
undertaken to update information and reduce uncertainty in the three
main technical components of the derivation approach, specifically:
bioaccumulation models, tissue effects benchmarks, and uncertainty
assessment. Selenium bioaccumulation models were developed using
regional and site-specific water and tissue selenium concentration data
following two approaches: a one-step model which describes the relationship between fish tissue or egg concentrations and aquaeous selenium
concentrations; and a multi-step model, formulated as a series of stepwise equations relating selenium concentrations in bird eggs, fish tissue,
invertebrates, periphyton, and water. We present a comparison of these
two modeling approaches and discussion of data requirements, integration of data from multiple studies, consideration of other factors that
influence bioaccumulation, and areas of uncertainty. We discuss what
impact the different modeling approaches and influencing factors may
have on the derivation of aqueous environmental benchmarks, which
may be used to establish site-performance objectives.
721 Future Selenium Research Priorities
P.M. Chapman, Chapema Environmental Strategies Ltd
Future selenium research priorities need to balance the essentiality of
selenium to both the ecosystem and human society against the toxicity that can occur from bioavailable and bioreactive excess selenium,
primarily to egg-laying vertebrates. Selenium is rare and directly mined
only in small quantities, yet demand is expected to surge for use in
electronics, farming, and for supplements. There is increasing research
into enhancing the selenium content of human foods derived from
both aquatic and terrestrial farming. Security of supply is a national
imperative for developed nations; research is needed to enable selenium recovery both directly and indirectly from the Earth’s crust with

minimal environmental and social costs. The present focus on treating
and disposing of selenium derived indirectly from human activities such
as mining needs to be tempered by future beneficial requirements, which
also include amelioration of mercury toxicity and medicinal requirements (e.g., cancer treatment). However, research is also required to
better understand the ‘tipping points’ for ecosystems exposed to selenium
related to both near-field inputs (e.g., from mining, agriculture, oil and
gas, power) and far-field inputs (in particular atmospheric inputs). Such
research needs to focus on population-level protection, not on individual
organism or sub-organism level protection. Future selenium research
priorities comprise a classic case of the need to balance clear positive benefits against possible negative outcomes.

Ecosystem Services, Environmental
Management and Decision Making
722 How to identify and assess ecosystem services approaches in decision making
P. Calow, Univ of Minnesota / ORED
Ecosystem services offer the prospect of capturing ecological impacts in
terms of public values and hence of providing a better basis for environmental decisions. Do particular studies match up? And how might
outcomes be assessed? This paper draws on work from a recent Pellston
Workshop on ecosystem services (October 2014) to suggest some minimum criteria for identifying and grading approaches, and for exploring
how these criteria might be used in assessing policy outcomes.
723 Using ecological production functions to link ecological processes
to ecosystem services
L. Kapustka, LK Consultancy; R. Bruins, USEPA / Ecological Exposure
Research Division; T. Canfield, USEPA / ORD NRMRL GWERD; C.S.
Duke, Ecological Society of America; A. Nahlik, USEPA; R. Schaefer, Univ
Koblenz Landau / Inst for Environmental Sciences
Ecological production functions (EPFs) link ecosystems, stressors, and
management actions to levels of ecosystem service production. Though
acknowledged as being essential to improve environmental management,
relatively little attention has been directed toward the use of EPFs. We
identify key attributes of EPFs and discuss both actual and idealized
examples of their use to inform decision-making. EPFs may be defined
as usable expressions (i.e., models) of the processes by which ecosystems
produce ecosystem services, often including external influences on those
processes. Whenever possible, EPFs should estimate final, rather than
intermediate, ecosystem services. As is true of other aspects of environmental decision-making, EPF development and use should be informed
by stakeholder engagement and conceptual modeling. Although various
types of EPFs have been developed, we suggest that EPFs are more
useful for decision-making if they quantify ecosystem service outcomes,
respond to ecosystem condition, respond to stressor levels or management scenarios, reflect ecological complexity, rely on data with broad
coverage, have been shown to perform well, are practical to use, and are
open and transparent. EPFs of varying complexity have been employed
to map ecosystem services, to inform land management policy decisions in the European Union. We illustrate how improved conceptual
and quantitative EPFs, representing the links between chemical uses
and multiple ecosystem service endpoints, could be used to improve
ecosystem service inclusion in risk assessment. The biggest challenges
to implementing ecosystem services in a broader suite of environmental
management activities derive from having relatively few datasets that are
easily adapted for use in modeling EPFs and generally poor understanding of critical linkages among ecological components and the processes
that ultimately deliver the ecosystem service. We conclude by advocating for the incorporation into EPFs of added ecological complexity and
greater ability to represent the trade-offs among ecosystem services.
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724 Ecosystem Services in Risk Assessment and Management
W.R. Munns, USEPA / Atlantic Ecology Division; V. Poulsen, ANSES
/ French Agency for Food Environmental and Occupational Health and
Safety; W.R. Gala, Chevron Energy Technology Company / HES; S.
Marshall, Unilever / Safety and Environmental Assurance Centre; A. Rea,
USEPA / National Exposure Research Laboratory; M.T. Sorensen, Ramboll
ENVIRON / Senior Science Advisor; K. von Stackelberg, NEK Associates
LTD
The ecosystem services concept provides a comprehensive framework
for considering ecosystems in decision making, for valuing the services
they provide, and for ensuring that society can maintain a healthy and
resilient natural environment now and for future generations. A global
Pellston Workshop was convened by SETAC and the Ecological Society
of America (ESA) in Shepherdstown, WV, USA, in September 2014 to
develop broad consensus and practical guidance for the application of the
ecosystem services concept to environmental decision making as part of
a movement towards environmental sustainability. This presentation will
highlight opportunities and implications of including ecosystem service
endpoints in risk assessments and the decisions that risk assessment
informs. We describe five assertions about the benefits that will accrue
from application of the ecosystem service concept in risk assessment and
risk management, stating that the use of ecological services will lead to
more comprehensive and transparent environmental protection, help
articulate the net benefits of environmental decisions/policies/actions,
better inform the derivation of environmental quality standards and
specific protection goals, and enable the bridging of human health and
ecological risk assessment across multiple regulations and programs.
We also describe recommendations that emerge from these assertions
and the issues, challenges, and path forward associated with employing
ecosystem services in risk assessment and decision making.
725 Application of Ecosystem Services in Natural Resource
Management Decision-making
D.W. Moore, Ramboll ENVIRON; P.N. Booth, Exponent / Ecological
Sciences; A. Alix, Dow Agrosciences / Risk Management; S.E. Apitz,
SEA Environmental Decisions Ltd; D. Forrow, Environment Agency
UK; E. Huber-Sannwald, Instituto Potosino de Investigacion Cientifica y
Tecnologica (IPICYT); N. Jayasundara, Duke Univ / Nicholas School of the
Environment; C. Shapiro, USGS
An ecosystem services approach to natural resource management can
provide the framework for balancing economic, ecological, and societal
drivers in decision making. The efficacy of such an approach depends
on the successful execution of several key activities, from early and
continuous engagement with relevant stakeholders, to development
and application of ecological production functions, to explicit recognition of uncertainty in the process. Although there are obstacles to the
implementation of an ecosystem services approach in natural resource
management, including unclear regulatory and policy frameworks and
the paucity of useful ecological production functions, many of the tools
are currently available or sufficiently developed. An ecosystem services
approach can, and in some cases, should involve qualitative, rather than
quantitative assessment, where the stakes are not very high or where
quantitative approaches would not be cost effective due to highly uncertain results. This presentation will include highlights from the recent
SETAC-ESA jointly sponsored Pellston Workshop and provide an
overview of the application of an ecosystem service approach to natural
resource management decision-making.
726 A Demonstration of the Feasibility of Utilizing the Ecosystem
Services Concept and Non-chemical Stressors in a Complex
Environmental Problem
C. Stahl, USEPA Region III
Complex environmental problems are multi-criteria problems. The
criteria include human health, ecosystems and/or social components
of our integrated world. Sometimes, these criteria are often, additionally, non-chemical stressors, a group of stressors such as noise or mental
distress that are being recognized as influencing human health outcomes
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but creating discomfort and avoidance for those seeking to ground their
analyses in scientific credibility. Further, concepts such as cumulative
(risk or otherwise) assessment or ecosystem services are often discussed
as good ideas but are less often utilized when decision making opportunities are presented. Decision makers need information but when we
present a lot of individual pieces of information to them, we are not as
helpful as we need to be. They need all the information simultaneously
analyzed. In other words, an integrated analysis. A demonstration of the
feasibility of integrated human health and ecological endpoints via the
concept of ecosystem services as well as the consideration of non-chemical stressors is offered using a realistic but hypothetical case example
of mountaintop mining. A means of integrating disparate data and
seemingly disparate concepts is possible but requires a break from our
traditional approaches and ways of thinking. Knowing when to separate
science from values, how to construct indicators and data when doing
the study would be unethical, and engage stakeholders in the process is
not often easy but is possible. As scientists, we also want to maintain the
scientific credibility of our analyses even under these difficult circumstances. Come and listen to some of the possibilities and then share your
ideas and thoughts.
727 Using Ecosystem Service Indicators to Prioritize Land
Conservation Investments: An Application for the Taunton River
Watershed
G. Van Houtven, RTI International
The Taunton River Watershed in Massachusetts is recognized for its rich
ecological, recreational, and cultural resources; however, its location,
topography, and economy make it particularly vulnerable to climate
change impacts and development pressures. Land conservation is one
key strategy for strengthening the resilience of the watershed; however,
effective implementation of this strategy requires methods for targeting
conservation investments. To support these efforts, the purpose of this
study funded by USEPA’s Healthy Watersheds Program is to develop
and demonstrate an assessment framework and decision support tool
that uses ecosystem service indicators to assist local decision makers in identifying and prioritizing natural lands for conservation. We
constructed the framework by dividing the watershed landscape into a
network of stream catchments and by creating an inventory of currently
unprotected natural land units within each of these areas. To compare
and rank these units we developed measurable indicators representing
(1) the provision of six ecosystem service types -- flood protection, water
quantity protection, water quality protection, habitat protection, air
quality protection, and open space preservation – and (2) vulnerability
to development. For each unit, we then developed initial indicator scores
based on geospatial data for its own catchment and, as appropriate, for its
upstream and downstream catchments. This assessment framework was
then used to produce a computer-based user-interactive decision support
tool. This tool is designed for conducting screening-level analyses in the
watershed to assist in targeting areas that are best suited for conservation projects. It is designed so that stakeholders and decision makers can
easily assign weight the ecosystem service and development vulnerability
indicators and scores, according to their own preferences, interests or
concerns. Based on these specifications, the tool generates tables listing
the top-ranked spatial units. These outputs can then be easily exported
for further examination, mapping, and analysis.
728 Ecosystem services as risk assessment endpoints for the South
River, VA
M. Harris, W.G. Landis, Western Washington Univ / Inst of Environmental
Toxicology
Regional scale risk assessments can incorporate ecosystem services as
endpoints in a multiple stressor- multiple endpoint framework. We
applied the Relative Risk Model with Bayesian networks (BN-RRM)
to an integrated assessment of ecological and human health risk from
chemical and ecological stressors in the South River, Virginia. The
BN-RRM approach allowed for the calculation of relative risk to human
and ecological endpoints and the quantitative assessment of risk to four
ecosystem services of the South River: Human health, Water quality,
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Recreation, and the Recreational fishery. The endpoints at highest risk
in the South River were Water quality and the Recreational fishery.
Human health risk for users of the South River was low relative to the
risk to ecosystem services and other endpoints. Risk to Recreation in the
South River was moderate with little spatial variation among the five risk
regions. The sensitivity and uncertainty analysis of the BNs identified the
parameters that drive risk for each endpoint in each risk region. Mercury
concentrations in floodplain soils and river water influence risk to human
health. River temperature and fecal bacteria were the main contributors of risk to water quality and recreational river uses. Lack of public
access influenced risk to recreation and ecosystem services endpoints.
This ecosystem services risk assessment will be used by the South River
Science Team to inform future monitoring efforts and improve the
decision-making process especially in prioritizing management activities and understanding the potential benefits and consequences of any
management activity. Ecosystem services risk assessment establishes
a precedent for the quantitative treatment of ecosystem services and
enables managers to weigh trade-offs and avoid unintended consequences
when managing these services.
729 Carbon Sequestration potential in agricultural drainage ditches
O. Iseyemi, Arkansas State Univ / Environmental Science; J.L. Farris,
Arkansas State Univ; S. Green, Arkansas State Univ / Dept of Agriculture;
M. Moore, USDA / Agricultural Research Service, National Sedimentation
Laboratory, Water Quality and Ecology; S. Choi, Arkansas State Univ
Agricultural drainage systems are often considered as primary wetlands
within the production landscape. In addition to having definitive characteristics, these drainage systems are capable of many ecological functions,
including carbon sequestration, wildlife habitat, flood control and edge
of field nutrient filtration. This study investigated the potential for carbon
sequestration within replicated mowed and un-mowed experimental conventional and controlled (with weirs) agricultural drainage systems. The
study analyzed and compared spatial and seasonal (temporal) variation in
soil organic carbon concentration (g C kg-1) and organic carbon pool (kg
C m-2) within 3 cm soil depth between ditch treatments. Composite soil
samples were taken from five sampling points (inflow, 10 m, 30 m, 50 m
and outflow) within each ditch treatment. Soil organic carbon concentrations were quantified through combustion of organic matter at 400 ?C
in the muffle furnace for 16 h using the loss on ignition (LOI) method.
Soil bulk density was also determined for each ditch treatment. In both
summer and winter, mean soil carbon concentration in ditches with weirs
was similar to mean soil carbon concentration in ditches with no weirs
(16.68 ± 0.49 g C kg-1 vs. 16.47 ± 0.46 g C kg-1 in summer; 14.47 ±
0.75 g C kg-1 vs. 16.27 ± 0.72 g C kg-1 in winter). Likewise, the average
carbon content in mowed ditches was similar to that in unmowed ditches
from both seasons (16.54 ± 0.52 g C kg-1 vs. 16.60 ± 0.44 g C kg-1 in
summer; 16.57 ± 0.34 g C kg-1 vs. 15.37 ± 0.53 g C kg-1 in winter).
Similar bulk densities (0.67 Mg m-3, on average) and organic carbon
contents in ditches furnished comparable carbon pools. The mean carbon
pool in ditches with weirs was similar to the average carbon pool in
ditches with no weirs (28.08 ± 0.75 kg C m-2 vs. 27.88 ± 0.68 kg C m-2
in summer; 26.44 ± 1.56 g C kg-1 vs. 30.24 ± 1.40 g C kg-1 in winter).
The studied experimental drainage ditches can therefore be considered
for their contributions to the carbon sink, suggesting agricultural drainage systems offer suitable environment for carbon sequestration.

Integrating Exposure and Effects to Assess
and Manage Risk of Contaminants of
Emerging Concern
730 Integrated Research to Assess Contaminants of Emerging
Concern in the Environment
S.T. Glassmeyer, USEPA / Office of Research and Development; H.T.
Buxton; E.T. Furlong, USGS / National Water Quality Laboratory; D.W.
Kolpin, USGS / Iowa Water Science Center; M. Mills, USEPA; D.L.
Villeneuve, USEPA / Mid-Continent Ecology Division
The US Geological Survey and the US Environmental Protection
Agency are collaborating on a series of projects examining the sources,
fates, and potential effects of contaminants of emerging concern (CECs)
in the environment. The first project, the Chemical Mixtures pilot
project, analyzed water samples from 38 streams impacted by various
contaminant sources (e.g., wastewater treatment plants, crops, and/
or livestock). The second project, the Wastewater to Drinking Water
project, follows a surface water flowpath by collecting water samples
from just above a wastewater treatment plant outfall and downstream
to a drinking water treatment plant intake and through to a finished
water sample. Both studies utilize an integrated approach that includes
a comprehensive analysis of specific chemicals (e.g., pharmaceuticals,
perfluorinated chemicals, hormones, etc.), environmental diagnostics to
identify non-target, unknown chemicals, in vitro bioassays (e.g., estrogenicity, androgenicity, genotoxicity, toxicity in metabolizing cells), rapid
whole organisms screens (e.g., Microtox) to assess cumulative bioactivity,
and in vivo tests to address specific exposure and response endpoints. A
rigorous quality assurance/quality control protocol design is consistently
applied from field to laboratory to ensure comparability of results from
different techniques. This consistent, integrated approach combines
the strength of each technique and is ideal for CEC related research in
which traditional environmental and toxicity endpoints are not adequate
for fully understanding potential effects to human health and the
environment from chemical exposures. This presentation will provide an
overview of both studies, in terms of project design and summary results.
Other presentations in the session will present more detailed information
on these projects.
731 Environmental Chemical Mixtures: A Field Approach to
Assessing Exposure and Effects
P. Bradley, USGS / SAWSC; H.T. Buxton; T. Reilly, USGS; K.M. Kuivila,
USGS / Oregon Water Science Center; D.W. Kolpin, USGS / Iowa Water
Science Center; D.L. Villeneuve, USEPA / Mid-Continent Ecology Division
Assessing the human and ecological health risks associated with exposure to complex chemical mixtures is acknowledged as a significant
environmental health challenge. The current lack of information on the
composition and variability of environmental mixtures combined with
limited understanding of their combined effects are fundamental obstacles to management of adverse human and ecological effects of chemical
mixtures. This presentation describes a field-based approach to identifying chemical mixtures and biological activity associated with stream
waters affected by a wide range of contaminant sources. The results will
(1) document the mixtures and levels of chemicals found in the environment, (2) help identify potential human and ecological exposures,
(3) guide prioritization of toxicological studies of chemical mixtures,
and (4) provide insight into potential biological interaction of multiple
contaminants, (5) help relate bioassay screening approaches to environmental chemical characterization in order to support development of
new monitoring strategies, and (6) provide a base of data for models to
predict chemical mixtures in watersheds affected by diverse land-use and
chemical-use patterns and their potential ecological or human health
effects. Stream sites were selected from environments that are vulnerable to multiple contaminant sources, including industrial and municipal
wastewater discharges, crop and animal agriculture, land-applied
manures and biosolids, urban runoff, and other point and nonpoint
contaminant sources. Data from previous US Geological Survey (USGS)
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studies of contaminants of emerging environmental concern provide a
basis for site selection. The approach combines comprehensive chemical
characterization, which includes sensitive and specific direct analysis for
over 700 dissolved organic and inorganic chemicals, identification and
quantitation of unknown contaminants (environmental diagnostics),
and a battery of bioassays to evaluate biological activity and toxicity. The
study is a collaborative effort between the USGS, which leads the site
selection, sample collection, and chemical characterization, and the US
Environmental Protection Agency, which leads the biological testing.
732 Transport of pharmaceuticals and other emerging contaminants
from wastewater discharge through surface water to drinking water
intake and treatment
E.T. Furlong, USGS / National Water Quality Laboratory; S.T. Glassmeyer,
USEPA / Office of Research and Development; D.W. Kolpin, USGS / Iowa
Water Science Center; M. Mills, USEPA; M. Zimmerman, USGS; T. JonesLepp, USEPA; M. Waldron, USGS
The ubiquitous presence of pharmaceuticals, hormones, and other contaminants of emerging concern (CECs) in surface-water resources have
necessitated research that better elucidates pathways of transport and
transformation for these compounds from their discharged wastewater,
through surface water to the source and treated water distributed by
drinking water treatment plants. A joint USGS–USEPA study used a
sampling strategy to follow surface water from upstream of a wastewater
discharge to the effluent discharge, downstream through the effluentmixing zone, a point further downstream, a drinking water treatment
plant intake, and through the plant to treatment. The timing of sample
collection from these sites was planned with a goal of sampling the same
water parcel as it transited the stream system. A suite of 109 human-use
pharmaceuticals and related CECs, representative of many commonly
used therapeutic classes, were determined in samples from the six sample
collection points using a previously published LC/MS/MS method.
Stringent field and laboratory QA/QC protocols were employed to
minimize or account for effects from field or laboratory sample handling
and analysis practices. Method reporting limits, typically less than 50
ng/L, provided sufficient sensitivity for the determination of ambient
pharmaceutical concentrations. Mixtures of CECs were detected in all
samples collected from the study reach in October 2014 under low-flow
conditions. The upstream site contained 21 quantifiable CECs, with
a maximum concentration of 389 ng/L (methyl-1H-benzotriazole, a
corrosion inhibitor). Wastewater effluent contained 69 CECs, with
methyl-1H-benzotriazole (5060 ng/L) being found in the highest
concentration followed by caffeine (4400 ng/L, stimulant) and desvenlafaxine (221 ng/L, antidepressant degradate). Numbers of CECs and
maximum concentrations dropped markedly downstream as water moved
from the discharge point. Lower numbers and concentrations of CECs
were detected in the effluent-mixing zone, the downstream location, and
at the drinking water intake, (27, 22, and 22 compounds, respectively,
with maximum concentrations of methyl-1H-benzotriazole of 439, 440
and 371 ng/L, respectively). Drinking water treatment, at the time of
sampling chloramination, was effective in reducing the total number of
detectable CECs to 3 (bupropion, cotinine, and meprobamate) at very
low concentrations (0.76[estimated], 3.74, and 7.58 ng/L, respectively).
733 Identification of unknown recalcitrant chemicals from effluent,
surface, and drinking water matrices by non-target LC-HR-MS/MS
N. Heuett, Florida International Univ / Dept of Chemistry and
Biochemistry; P.R. Gardinali, Florida International Univ / Chemistry
Biochemistry and SERC
Human activities and habits have inadvertently generated significant
amounts of pollution through industrial manufacturing, agriculture, and
wastewater discharges, compromising the health of the environment.
To date, the list of organic pollutants, both regulated and unregulated,
comprises chemicals such as pharmaceuticals and personal care products (PPCPs), hormones, pesticides, drugs of abuse (DOAs), artificial
sweeteners, nanomaterials, disinfection by products (DBPs), perfluorinated compounds (PFCs), polycyclic aromatic hydrocarbons (PAHs),
brominated flame retardants (BFRs), phthalates, sunscreens/UV filters,

196 | SETAC North America 36th Annual Meeting

and many more that are manufacture on a daily basis to satisfy the ever
evolving lives of humans. To better understand compound diversity
of water matrices, it is essential to take advantage of high-resolution
instruments, which provide great sensitivity, optimal resolution, and
high accuracy. The current study investigates the chemical diversity of
compounds present in a water-based trajectory starting from upstream,
effluent wastewater, effluent mixing zone, downstream, drinking water
intake, and treated drinking water via non-target analysis using a highresolution QExactive Orbitrap operated in the positive mode at 140,000
RP for molecular characterization in full scan mode. Findings indicate
greatest chemical diversity in the effluent (97 compound classes) and
treated drinking water (95 compound classes) locations. Combination
of graphical representations (m/z vs. retention time scatter plots, Venn
diagrams, and Kendrick plots) were used to recognize recalcitrant
compounds for locations following the effluent, identify analytes formed
during drinking water treatment process, and differentiate compound
distribution between and within locations. A total of 64 chemicals originated at the effluent location remained persistent throughout the process,
and over 1000 chemicals were exclusively found in the treated drinking
water. Additional MS/MS evaluation at 35,000 RP was carried out for
structural elucidation of the 64 recalcitrant chemicals using in silico
fragmentation tools and available databases.
734 Wastewater to drinking water: In vitro estrogen, androgen, and
glucocorticoid activity along an urban river system
J.M. Conley, N. Evans, M. Cardon, USEPA / RTB TAD NHEERL; L.
Rosenblum, CB&I Federal Services / Science and Technology Division; K.M.
Schenck, USEPA / NRMRL; P. Hartig, USEPA / RTB TAD NHEERL;
V.S. Wilson, USEPA / Reprodcutive Toxicology
In vitro bioassays are quickly gaining traction as potential regulatory
screening tools for chemical contamination in aqueous samples. Cellbased assays show promise for water quality monitoring applications
due to high sensitivity, the ability to quantitatively detect a biologically
relevant effect endpoint (i.e., effect-based monitoring), and the ability to
assess complex mixtures in which unknown compounds may be present.
We conducted in vitro bioassays for estrogen, (anti)androgen, and glucocorticoid activity from a joint survey/monitoring effort by the USEPA
and USGS. Samples were additionally analyzed for estrogenic compounds. In fall 2014 water samples were collected along an urban river
continuum in northeastern US which contained a sewage treatment plant
outfall located in proximity to a downstream drinking water treatment
plant. Samples were collected upstream from the wastewater treatment
plant, at the wastewater treatment plant effluent pipe, the effluent mixing
zone, downstream from the wastewater plant, the drinking water plant
intake, and the treated drinking water. Field samples were extracted and
assayed using in vitro steroid hormone receptor transactivation assays:
T47D-KBluc cells for estrogenic activity, MDA-KB2 cells for (anti)
androgen activity, and CV-1 cells transduced with hGR and a luciferase reporter construct for glucocorticoid activity. Estrogenic activity
was detected in all samples, whereas (anti)androgenic and glucocorticoid activity was only detected in sewage treatment effluent extracts.
Estrogenic activity was greatest in effluent (~100-fold above surface
water) and lowest (marginally above reporting limits) in treated drinking water. The levels of estrogenic activity detected in treated water and
surface water were below concentrations predicted to result in adverse
human health or ecological effects, respectively. Chemical analyses indicated the common presence of estrone in all surface water samples and
effluent. Overall, the utility of using in vitro techniques as a screening
tool and a complement to analytical chemical determinations is apparent. Further, the ability to assess complex mixtures of environmental
contaminants allows for effect-directed analysis of any aqueous sample
for endocrine disrupting compounds and may prove useful as a scientifically defensible screening tool and contaminant identification method for
both human and ecological risk assessment. This abstract does not reflect
USEPA policy.
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735 Application of a miniaturized Ames assay for high-throughput
effect-directed analysis of water samples using microfractionation
N. Zwart, T. Hamers, VU Univ Amsterdam / Inst for Environmental
Studies (IVM); W. Jonker, VU Univ / Biomolecular Analysis Group; C.J.
Houtman, The Water Laboratory; J. de Boer, VU Univ / IVM; J. Kool,
VU Univ / Biomolecular Analysis Group; M. Lamoree, VU Univ / Inst for
Environmental Studies
One of the classical toxicological endpoints in analysis of surface and
drinking water is mutagenicity. After its development, the Salmonella
reversion based Ames test quickly became the most widely used method
for the determination of the mutagenic potential of compounds and
samples. Efforts to keep track of the release of mutagens into the environment and to monitor the processes of drinking water purification
depend on the ability to determine the presence of these compounds
in surface, ground and effluent water. The application of bioassays
like the Ames test together with chemical analysis methods in effectdirected analysis (EDA) provides a strategy to detect and identify novel
mutagenic compounds. However, for rapid toxicity assessment of e.g.,
water samples, EDA suffers from lack of throughput and is regarded
as a laborious, time consuming method. To achieve faster analysis and
higher-resolution separation, a high throughput-EDA (HT-EDA)
method was developed through application of 384-well plate, UPLC
based microfractionation in combination with a miniaturized, luminescent Ames assay. Luminescent strains were developed and tested
against the model mutagens 4-nitro-O-phenylenediamine (4-NOPD),
nitrofurantoin (NF), 4-nitroquinoline 1-oxide (4-NQO) and 2-aminoanthracene (2-AA) which induced a measurable change in luminescence
between revertants and non-revertants. In addition, a selection of known
mutagens from the EURL ECVAM Genotoxicity & Carcinogenicity
Consolidated Database of Ames Positive Chemicals was tested in the
luminescent Ames assay for comparison with the conventional format.
High variation in the luminescent signal limited quantification of single
well reactions in the miniaturized format and the luminescent strains
were further developed into a miniaturized qualitative mutagenicity
assay aimed at high-throughput screening of microfractions in a 384well microtiter plate. Positive fractions were correlated with data from
high resolution time-of-flight mass spectrometry (TOF-MS), performed
in parallel, to identify the responsible mutagenic compounds. The
applicability of the miniaturized assay will be demonstrated by analysis
of selected surface, ground and waste water samples, emphasizing the
advantages of the combined methodology of chemical analysis and bioassays in the analysis of environmental samples, including drinking water.

which provide a snapshot in time, daily raw and finished water samples
that are being composited on an hourly basis are being obtained from
three drinking water treatment plants. Results for two conventional
water treatment plants showed that 1,4-dioxane concentrations were not
attenuated and that average 1,4-dioxane concentrations exceeded the
one-in-a-million excess cancer risk level by a factor of 15 in one small,
economically depressed community and by a factor of 7 in a larger community located further downstream. Results from the third utility, which
employs raw and settled water ozonation, are still pending. To evaluate
POU treatment devices, two pitcher filters and two refrigerator filters
are being evaluated. Results for one pitcher filter showed that the average
1,4-dioxane removal from tap water was only 27.5% over the manufacturer’s expected lifetime (40 gallons). Additional POU devices are being
evaluated, but POU devices with tailored adsorbents may be needed for
effective 1,4-dioxane removal.

736 1,4-Dioxane: Occurrence, sources, and treatment options for an
emerging surface water contaminant
C. Lopez-Velandia, M. Sun, D. Knappe, NC State Univ / Civil
Construction and Environmental Engineering
Recent USEPA data show that six of the ten highest 1,4-dioxane
concentrations in US drinking water occur in communities located in
the Cape Fear River watershed of North Carolina. 1,4-Dioxane is a
likely human carcinogen, and a one-in-a-million excess cancer risk is
associated with the lifetime consumption of drinking water containing
0.35 ug/L 1,4-dioxane. Objectives of this research are to (1) establish
the spatial and temporal variability in 1,4-dioxane concentrations and
mass flows in the Cape Fear River watershed of North Carolina, and (2)
assess the effectiveness of water treatment processes and point-of-use
(POU) treatment devices for 1,4-dioxane removal. Over 50 sampling
points were strategically selected in the Cape Fear River watershed to
bracket possible sources, and monthly samples have been taken since
October 2014. Occurrence data collected to date suggest that wastewater discharges from three municipalities are primarily responsible for
the elevated 1,4-dioxane levels. Concentrations as high as 1,400 ug/L
were found in streams downstream of municipal wastewater discharges.
Despite the high concentrations, 1,4-dioxane mass flows were relatively
low (tens of pounds per day). An analysis of industries in the three
communities, from which 1,4-dioxane originates, suggest that plastics
(PET products, thermoplastic, plastics recycling) and textile industries
are possible sources. Apart from monthly stream sampling campaigns,

What Do We Know About the Ecological
Risk of Consumer and Personal Care Product
Ingredients?

737 Halogenated Carbazoles in San Francisco Bay
D. Chen, Southern Illinois Univ Carbondale / Chemistry; Y. Wu, Southern
Illinois Univ Carbondale; R. Sutton, San Francisco Estuary Inst; H. Marler,
Southern Illinois Univ Carbondale / Zoology
This study reports the discovery of a suite of halogenated carbazoles in
San Francisco Bay sediments and biota. While halogenated carbazoles
have recently been reported in the Great Lakes sediments, knowledge
remains limited in their bioavailability and environmental fate. In this
study, we examined 11 halogenated carbazoles, including 3-chloro-,
3-bromo-, 3,6-dichloro-, 3,6-dibromo-, 2,7-dibromo-, 1,3,6-tribromo-,
1-Br-3,6-dichloro-, 1,8-dibromo-3,6,-dichloro-, 1,3,6,8-tetrachloro-,
2,3,6,7-tetrachloro-, and 1,3,6,8-tetrabromo-carbazole, in San Francisco
Bay sediments, bivalve, and harbor seal blubber. Dominant congeners
were 3,6-dichloro-, 1,3,6,8-tetrabromo-, and 3,6-dibromo-carbazole
in sediments, and 1,3,6,8-tetrabromo- and 2,7-dichloro-carbazoles
in bivalve, while 1,8-dibromo-3,6-dichloro-, 1,3,6-tribromo-, and
3,6-dichloro-carbazole dominated in seal blubber. The total concentrations of halogenated carbazoles ranged from 0.49 to 10.5 ng/g dry weight
(dw) in sediments, n.d. to 31.6 ng/g lipid weight (lw) in bivalve, and
37.1 to 366.2 ng/g lw in harbor seal blubber. These findings suggest that
halogenated carbazoles were widely distributed in San Francisco Bay and
bioaccumulable in estuarine organisms, although their sources remain
unknown. Further research is essentially needed to elucidate their environmental sources, fate, toxicity, and potential risks to the San Francisco
Bay ecosystem.

738 Photofate of the uv-filters benzophenone-3 (oxybenzone) and
benzophenone-4 (sulisobenzone) in natural waters
M. Semones, Ohio State Univ / Environmental Science Graduate Program;
Y. Chin, The Ohio State Univ / Dept of Geological Sciences
Organic uv-filters are key ingredients found in sunscreens and consumer
products. These compounds defend skin against sunburn and cancer,
and protect plastics and other commercial and industrial goods from
degradation through light exposure in the environment. However,
concerns have been raised about potential ecological and health effects of
a number of organic uv-filters that are currently FDA approved for use in
the US. Here, we investigate the photochemical fate of two structurally
related uv-filter compounds, benzephenone-3 (BP3; oxybenzone) and
benzephenone-4 (BP4; sulisobenzone). Both compounds have previously
been found in treated wastewater effluent, surface waters-in particular
waters used for recreation- and seawater. We investigate the influence
of reactive oxygen species (ROS), natural dissolved organic matter
(International Humic Substance Society standards Pony Lake Fulvic
Acid and Suwanee River Natural Organic Matter), filtered wastewater
effluent and filtered recreational area waters on the degradation of BP3
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and BP4 under simulated solar irradiation. Samples were irradiated in
quartz glass tubes using a CPS+ Atlas Suntest equipped with a xenon
lamp and solar spectrum filter. Additionally, attempts were made to
identify degradation products for future studies on the toxicity of photodegradates of the parent benzophenones.
739 The effect of salinity on the organic carbon/water partition ratios
(Koc) of cyclic volatile methylsiloxanes (cVMS)
D. Panagopoulos, Stockholm Univ / Dept of Applied Environmental Science;
A. Jahnke, A.H. Kierkegaard, Stockholm Univ / Dept of Environmental
Science and Analytical Chemistry ACES; M. MacLeod, Stockhom Univ –
ITM / Dept of Environmental Science and Analytical Chemistry ACES
cVMS recently raised concerns among environmental chemists and
regulators because of their high production volumes, their presence in
the aquatic environment and their bioaccumulation potential. The environmental fate of cVMS in the aquatic environment is governed by the
amount and the quality of organic carbon present in the dissolved phase,
in the suspended particles and in the sediment. The sorption of cVMS
to organic carbon is in turn influenced by the presence of inorganic salts
in the aquatic environment. Inorganic salts decrease the solubility of
chemicals in the water and hence increase their partitioning to organic
carbon. In this study we measured salting-out constants (KS) for three
cVMS and three polychlorinated biphenyls (PCBs), which were used as
reference chemicals. The experiments were conducted using a purge-andtrap system that allowed for mass balance calculations. Sediment spiked
with cVMS and PCBs was immersed in water with a range of sodium
chloride (NaCl) concentrations. The water was stirred and the headspace
was purged with a gentle stream of nitrogen. The chemicals were trapped
on solid-phase extraction columns with ENV+ sorbent and the amount
of the chemicals in the columns was measured at various time points over
the course of the experiment. From the experimental data we calculated
the volatilization rate of the chemicals from the system, which was
used to determine the KOC of cVMS with the help of a fugacity-based
multimedia model. From the KOC measurements at different NaCl
concentrations we derived the KS of the chemicals. At 0 mol/L NaCl
concentration the log KOC measurements for the PCBs were 5.09 for
PCB 28, 5.11 for PCB 52 and 5.41 for PCB 153 and those for the cVMS
were 4.61 for D4, 6.10 for D5 and 6.98 for D6.In both cases the log
KOC measurements agree with previous measurements. The measured
KS of the PCBs were 0.29 for PCB 28, 0.34 for PCB 52 and 0.20 for
PCB 153 and were in good agreement with previous measurements
and with the PP-LFER model of Endo et al. [1] (RMSE: 0.088). For
the cVMS, the KS were 0.69 for D4, 0.35 for D5 and 0.20 for D6. The
measurements were not in good agreement with the PP-LFER model [1]
(RMSE: 0.33) suggesting that the PP-LFER model does not perform
well for cVMS. The data demonstrated that salinity has a stronger effect
on D4 than on the PCBs. Increasing molecular size did not correlate
with increasing KS for either the cVMS or the PCBs. References [1]
Endo et al. 2012, Environ. Sci. Technol. 46, 1496−1503
740 Evaluating the effects of triclosan on the rhizosphere of field crops
in biosolids-amended soil
R. Shahmohamadloo, Univ of Guelph / School of Environmental Sciences
Triclosan (TCS) is an active antimicrobial ingredient found in personal
care products that include soaps, shampoos, and other sanitation goods.
TCS is lipophilic and has been shown to be resistant to wastewater
treatment thus accumulating in sewage sludge and potentially biosolids.
Consequently, the land application of municipal biosolids may present a
risk to terrestrial ecosystems. Recent laboratory studies have suggested
possible mycotoxic effects of TCS on arbuscular mycorrhizal fungi
(AMF) colonization in the rhizosphere of wetland plants. Whether
the exposure pathway for wetlands plants can be extrapolated to soil is
uncertain; however, few studies have addressed this question and the risk
to field crops in the rhizosphere where nutrients are exchanged remains
poorly understood. The purpose of this study was to characterize the
effects of TCS on the growth of field crops, and the symbiotic colonization of their roots by AMF in soils amended with four different types
of biosolids. Results from 90-day tests with soybean, spring wheat, and
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corn, respectively, across four types of biosolids indicate minimal bioaccumulation of TCS and no significant TCS concentration-dependent
effects on crop emergence, shoot length, or biomass. Similarly, analysis
of root structures and AMF colonization indicate no significant TCS
concentration-dependent effects. Altogether, this study suggests that
TCS present in municipal land application of biosolids poses minimal
risks to field crops and human health. This information will be valuable
to farmers and stakeholders, and the general public concerned about the
application of biosolids to agricultural lands.
741 Evaluation of anionic surfactants in the environment using a
novel approach for regional probabilistic exposure assessments
K. McDonough, P&G / Environmental Stewardship; K. Casteel, The Procter
& Gamble Company; S.E. Belanger, The Procter & Gamble Company
/ Central Product Safety Dept; K. Wehmeyer, The Procter & Gamble
Company; T. Federle, The Procter & Gamble Company / Environmental
Stewardship and Sustainability; P. DeLeo, American Cleaning Inst
A novel regional monitoring approach has been developed to evaluate
the fate of down the drain chemicals in the environment and to enable
the development of probabilistic exposure assessments in aquatic and soil
receiving environments for a class of chemicals with the same mode of
action. This approach was applied to the evaluation of anionic surfactants
in the United States but the approach could be used to evaluate exposure for any chemical in any region provided that the data is available.
Anionic surfactants such as LAS, AS, AES, and MES are high volume
surfactants used extensively in detergents and personal care products.
A recent monitoring campaign was conducted to sample effluent and
sludge from 44 wastewater treatment plants (WWTP) across the United
States to quantify anionic surfactant loading to aquatic and terrestrial
environments. The effluent concentrations were divided by the effect
concentration for each homologue to create a distribution of toxic units
(TUs) in effluent leaving the WWTP. Mixing zone dilution factors
were derived from iSTREEM (www.istreem.org, American Cleaning
Institute) which is a computer model that can predict concentrations of
a chemical in the discharge mixing zones of more than 8,500 domestic
flow dominated (>90%) municipal WWTPs in approximately 28,000
river reaches across the United States under low (7Q10) and mean flow
conditions. Monte Carlo analysis was employed to combine the distribution of effluent TUs with dilution factors in order to probabilistically
determine exposure concentrations in WWTP mixing zones for each
homologue. Because these anionic surfactants have the same toxicological mode of action, the TUs in the mixing zone can then be summed
to provide a TU distribution for the entire class of anionic surfactants.
In addition, the distributions of measured sludge concentrations were
used to estimate concentrations in sludge amended soils at first application and after multiple annual applications. This type of higher tiered
regional probabilistic exposure assessment can provide reassurance of
environmental safety and thus play an important role in environmental
stewardship and sustainability.
742 Environmental Risk Assessment Framework for “Down-theDrain” Consumer Product Chemicals in China
M. Fan, The Procter & Gamble Company / Global Product Stewardship;
S.D. Dyer, The Procter & Gamble Company / Environmental Stewardship
and Sustainability Organization; T. Federle, The Procter & Gamble
Company / Environmental Stewardship and Sustainability; Z. Liu, Chinese
Research Academy of Environmental Sciences / State Key Laboratory of
Environmental Criteria and Risk Assessment
Environmental risk assessment (ERA) methodologies for consumer
product chemicals are well-established in most developed regions including the United States, Canada, and the European Union. However,
such methodologies are not yet fully developed for emerging economies, such as China. Recently, the Chinese government embarked on a
journey to develop new chemical legislation that includes science-based
risk assessment and appropriate risk management. The objective of this
presentation is to share an environmental risk assessment framework
involving an exposure methodology using conditions specific to China
(i.e., physical setting, infrastructure, and consumers’ habits and practice).
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Incorporated in this framework are China’s current regulatory screening
and prioritization schemes as part of a tiered risk assessment approach.
Our ERA framework for consumer product chemicals starts with Tier
Zero, which utilizes the existing Chinese regulatory qualitative method,
whereas Tiers One and Two use deterministic and probabilistic methods
that account for per capita residential water usage, wastewater treatment capability, as well as wastewater/in-stream dilution factors. Due
to major differences in wastewater treatment infrastructure and water
usage between urban versus rural regions in China, two scenarios were
identified for quantitatively assessing environmental exposure: (1) Urban
with wastewater treatment, and; (2) Rural without wastewater treatment
(i.e., direct-discharge of wastewater). By applying this methodology and
specific exposure parameters for Urban and Rural scenarios, a case study
was conducted for assessing a key fragrance chemical, the polycyclic
musk HHCB (1,3,4,6,7,8-hexahydro-4,6,6,7,8,8-hexamethylcyclopenta
-[gamma]-2-benzopyran). HHCB is widely used as a fragrance in a variety of consumer products in China, and occurrences of this compound
have been frequently reported in sewage influents, effluents, sludge,
surface water and sediments across several major metropolitan regions
within China. This case study illustrated that while the assessment from
the Tier Zero indicated high risk, which was expected for non-readily
biodegradable and eco-toxic compounds like HHCB, the higher tiers
showed that HHCB posed a minimal risk to aquatic communities, consistent with local monitoring data.
743 Screening Level Environmental Risk Assessment (ERA) of
Cosmetic Ingredients in the USA and Beyond
I. Davies, Personal Care Products Council / Science
The Personal Care Products Council’s (PCPC) environmental program
recently began the development of a new ERA framework for cosmetic
ingredients in North America. To begin with, around 7000 ingredients
were identified as being in use across all cosmetic formulations. These
ingredients were subsequently divided into a number of broad chemical
categories. This initial exercise allowed the PCPC to assign screening
level assessment strategies to each group of ingredients. One of these
groups, discrete organic ingredients (both neutral and charged) was
chosen to undergo a series of aquatic screening level assessments. As this
group is widely used and disposed of chiefly via a “down the drain” exposure scenario, prioritizing discrete organic materials for aquatic screening
was justified. Within this assessment, a network of in silico models was
developed to estimate the potential removal of cosmetic ingredients from
wastewater treatment. The models used were based the work of Salvito
et al. (2002). Concurrently, acute aquatic toxicity was conservatively
predicted by ECOSAR models from within the USEPA’s EPISuite toolbox. Overall tonnages of cosmetic usage were estimated using a “market
forensics” approach (DeLeo et al., 2011) and industry survey data. From
these combined approaches, an MST (maximum sustainable tonnage)
value was derived for each cosmetic ingredient. This represents the total
concentration of an ingredient which can be present in the environment without causing an adverse ecological effect. This value was then
compared to total usage (of an individual ingredient) so that a risk ratio
(similar to a traditional PEC: PNEC) could be calculated and assessed
on an ingredient by ingredient basis. Other screening methods are also
being developed for the initial evaluation of other ingredient types,
such as polymers. Once a screening level assessment has been conducted
(“tier I” of the framework) certain ingredients then enter a second tier of
assessment (“tier II”). Tier II assessment begins to consider experimental
fate and effects data. Overall, the PCPC ERA framework represents a
sound approach to the environmental stewardship of cosmetic ingredients in the US.

of the product. Given the broad range of functions that HPC products
provide (cleansing, moisturizing, conditioning, etc), chemical ingredients
used in these products can therefore capture a broad range of chemical classes, for instance from being extremely hydrophilic to extremely
hydrophobic, neutral organics, inorganics, ionisable, and permanently
charged salts. As it happens, not only do the physicochemical properties of various chemical ingredients influence the functionality of a
HPC product, they also influence the behavior and fate in test systems
(in vitro and in vivo) and in the environment. It is thus critical that the
physicochemical properties be considered in both experimental design
and selection of appropriate in silico tools. Using an example from
industry, we examine the chemical space of a selection of HPC ingredients (>7000) and discuss implications for environmental risk assessment.
We base our analysis on batch estimates of chemical properties (using
SMILES strings), and discuss the validity of such estimates for the
chemicals in question. We filter the chemicals using a set of basic criteria
to identify groups of chemicals for which standard risk assessment procedures are applicable. This analysis provides a comprehensive overview of
the specific modeling and laboratory research priorities for risk assessors
dealing with HPC ingredients.
745 Using Weight of Evidence to Evaluate Potential Effects of Trace
Organics on Aquatic Life
J.R. Wolfe, LimnoTech, Inc.; C. Turner, D. Bradley, LimnoTech; A. Burton,
Univ of Michigan / School of Natural Resources Environment; D.C.
McAvoy, Univ of Cincinnati / Environmental Engineering; J. Daley,
LimnoTech
Thousands of trace organic compounds (TOrCs) are regularly released
into the aquatic environment, and little is known of the effects of this
complex mixture, although targeted studies suggest exposures could
have important impacts on aquatic communities. Because of uncertainty
concerning potential risks, management actions might focus on the
wrong sites and/or compounds, and might not yield expected improvements. Establishing a causal linkage between wastewater treatment
plant (WWTP)-related TOrC exposures and biological impairments is
challenging due to the unsettled state of science with respect to which
TOrCs are endocrine disruptors; what fraction of the TOrCs may be
bioavailable; how TOrCs interact with other stressors; and whether the
presence of TOrCs is a reliable indicator of aquatic life impairment. All
these confounding considerations suggest there may be very different
exposure and effects in an actual receiving waterbody than is indicated
by screening models and laboratory studies. The approach we are piloting for the Water Environment Research Foundation screens WWTP
discharges and assigns each to a risk-and action-based Tier of Concern,
based on documented impairments and site stressors, level of wastewater treatment, dilution by receiving water, concentrations of TOrC
indicators, and site-scale, screening –level evaluations of potential risk
to aquatic life. For sites where existing data suggest moderate or higher
levels of concern, field work is recommended to support a weight of
evidence evaluation, including discharge and receiving water sampling,
fish and macroinvertebrate bioassays, toxicity identification evaluations,
and habitat assessments. The goal of the weight of evidence assessment
is to allow WWTPs to better assess risk and potential causation to
inform monitoring planning and wastewater treatment investments. The
presentation will report on pilot field studies conducted at three sites in
summer 2014.

744 Mapping risk assessment priorities for HPC ingredients: A
chemical space analysis
T. Gouin, C. Rendal, Unilever / Safety and Environmental Assurance
Centre; O. Price, Unilever / Colworth Science Park
The inclusion of chemical ingredients in Home and Personal Care
(HPC) products is based on the functionality that their individual physicochemical properties bring towards enhancing the overall performance
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Nanomaterials Toxicology: Methods for
Screening for Nano-Unique Hazard
746 Toward relevant risk assessment of nanotechnologies: Need for
nano-specific toxicological information to support tiered-based testing frameworks
A.J. Kennedy, CEERD-EPR / Environmental Laboratory; Z. Collier,
US Army Engineer Research and Development Center; J.G. Coleman,
US Research and Development Center / Environmental Laboratory;
A.R. Poda, D. Martin, K. Torres-Cancel, US Army Engineer Research
and Development Center; J. Brame, CEERD-EPR / Environmental
Laboratory; S.A. Diamond, NanoSafe Inc. / Midwest Division; N. Vinas,
Mississippi State Univ / Environmental Laboratory; J.A. Steevens, US Army
Engineer Research and Development Center / Environmental Laboratory
A better understanding of potential environmental, health, and safety
(EHS) effects of nano-enabled technologies is needed before their
wide-scale deployment. However, unique properties of nanomaterials
(NM), and uncertainty regarding applicable test methods have prevented
consensus on the proper collection and evaluation of data. This presentation provides context regarding the need for toxicological screening
of nano-unique versus bulk substance effects, which is the focus of
this session. Screening “nano-unique” properties and “nano-specific”
toxicological effects from traditional substances (dissolved or “bulk”
material) of the same chemical composition has been elusive in research
and problematic for regulatory science. While efforts are being made to
categorize NMs by their properties into testable units, a guided testing
process is needed in the interim. We are developing an adaptive, 5-tiered
approach (NanoEHS-GRID) for generating the most relevant data to
feed risk assessment of nano-enabled technologies. The testing process
allows users to concentrate on collecting the most relevant data and can
terminate once sufficient risk-related information is collected; the process
specificially provides lines of evidence to help determine requirements
for nano-specific scrutiny of the technology. The framework supplements
current regulatory practices and testing methods when nano-specific
scrutiny and associated test amendments are necessary. Specifically
relevant to this session, the testing process involves a screen for nanounique effects relative to the associated traditional substance (e.g.,
dissolved, micrometer-sized). To successfully screen for nano-unique
effects from traditional substances, reliable toxicological methods are
required. Unfortunately, a lack of established, consensus-based methods
encumbers screening for these effects. To further illustrate the problem,
we use case studies to demonstrate the tiered testing system, illustrate
how results interpretation is adapted based upon NM characteristics and
highlight limitations where methods are lacking. Case studies include
nano-enabled products in different structural categories (nanosilver circuit, nanotube corrosion resistant coating, TiO2 self-cleaning concrete).
747 Development of a robust method for measuring engineered
nanoparticle toxicity using Caenorhabditis elegans
S.K. Hanna, National Inst of Standards and Technology / Biosystems and
Biomaterials Division; M.E. Johnson, A.R. Montoro Bustos, National Inst
of Standards and Technology / Chemical Sciences Division; B.C. Nelson,
G.A. Cooksey, J.T. Elliott, National Inst of Standards and Technology
/ Biosystems and Biomaterials Division; E. Petersen, National Inst of
Standards and Technology / Biosystems and Biomaterials Division
As uses for engineered nanoparticles (ENPs) are being realized,
increasing masses of ENPs are being produced and released into the
environment, sparking concern regarding their ecological consequences.
However, there are a lack of standardized methods for determining the
toxicity of ENPs within in vivo model systems. Our objective was to
adapt a current toxicity assay using Caenorhabditis elegans (ISO 10872)
for use with ENPs. C. elegans provides a useful model for studying the
impacts of ENPs on organisms in the environment because it is relatively
short-lived and is ubiquitous in the environment. Briefly, the protocol examines the growth and reproduction of C. elegans over 96 hours
with benzylcetyldimethylammonium chloride (BAC-C16) acting as
a positive control and Escherichia coli as feed. We began by developing
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a semi-automated microscopic and image analysis procedure to allow
for reliable measurements of nematode length and reproduction. Then,
cause-and-effect analysis was used to catalog potential sources of variability in the assay protocol. Sensitivity analysis of five key experimental
factors identified by the cause-and-effect analysis revealed that bacterial
feed concentration and plate shaking had significant effects on growth
inhibition by BAC-C16. Bacterial concentration was inversely proportional to BAC-C16 EC50 values, while shaking the plates during
the assay decreased nematode growth in control groups by 22% and
decreased nematode sensitivity to BAC-C16. We then adapted the
assay for ENPs by adding additional controls to account for potential
artifacts and used this protocol to evaluate the effect of amine stabilized polystyrene ENPs on C. elegans. The EC50 for polystyrene ENPs
was approximately 110 mg/L for growth and 65 mg/L for reproduction. However, polystyrene ENPs caused E. coli aggregation, which we
hypothesized contributed to growth and reproductive effects. To test
this hypothesis we examined an amine coated Au ENP in our system
and found similar impacts as the polystyrene ENPs, suggesting that the
nematodes had difficulty feeding on the aggregated E. coli. We propose
testing these ENPs in axenic liquid media to avoid these complications.
748 Biological and Environmental Interactions of Emerging TwoDimensional Nanomaterials: A Case study on MoS2
Z. Wang, R. Hurt, Brown Univ
Since the discovery of graphene, two dimensional nanomaterials such as
metal chalcogenides, layered double hydroxides and other 2D compounds have gained renewed interest. However, the implications of these
emerging 2D nanomaterials imposed on biological and environmental
systems are unknown although some aspects can be informed by the current knowledge on graphene-based nanomaterials. Similarly, emerging
2D nanomaterials have unique dimensional properties (surface area, layer
number, lateral dimension and surface chemistry), which can lead to a
variety of interactions with biological molecules including absorption
and catalytic reactions, and even toxicity to cells. But the toxicity evaluation process is time consuming considering the large 2D nanomaterials
family that may lead to various cellular response. This process can be
even further complicated by various transformation that may happen in
biologically relevant medium, thus it requires simple theoretical models
to predict and evaluate the transformation and reactivity of 2D nanomaterials in relevant media. Here the oxidation and reduction potential of
2D nanomaterials are calculated and used to predict the stability of 2D
nanomaterials in relevant aqueous solution. Also we use a recently developed band-structure based framework to estimate the catalytic ability
of 2D nanomaterials in biological systems, which may induce oxidative
stress. Last we use MoS2 as an example to illustrate its transformation,
and implications on the fate and toxicity in biological and environmental
systems.
749 The Influence of Size on the Toxicity of Pesticide Encapsulations:
A Comparison Between Micron- and Nano-Sized Capsules
A. Clendaniel, Environmental and Molecular Toxicology; B.J. Harper, J.
Son, Oregon State Univ / Dept of Environmental and Molecular Toxicology;
L. Hooven, Oregon State Univ / Dept of Horticulture; S.L. Harper, Oregon
State Univ / EMT
Pesticide products classified as capsule suspension (CS) formulations
incorporate encapsulation technology to entrap the pesticide’s chemical
active ingredient (a.i.) in a hollow polymeric shell. Although pesticide
microencapsulation has been utilized and marketed for many years,
nano-sized (1-1000nm) capsules can now be detected in many CS
formulations. Additionally, the few literature sources on the fate and
toxicity of encapsulated pesticides report average capsule sizes between
30-50µm, yet we have identified CS formulations with average capsule sizes of 1-2 µm. In lieu of the data needed to assess the risks of a
formulated pesticide product, understanding how carrier size influences
toxicity is important to understanding if current pesticide risk assessments are sufficient to protect against products that incorporate nano- or
submicron-sized encapsualation technology. Here, a commercial
pyrethroid CS pesticide with lambda-cyhalothrin (λ-Cy) as the active

THURSDAY PLATFORM ABSTRACTS
ingredient was partitioned into two suspensions, a fraction consisting
of nano-sized capsules (NF ~230nm) and a fraction of micron-sized
capsules (MF ~2300nm) in order to investigate the influence of capsule
size on toxicity to embryonic zebrafish, Danio rerio. Toxicity was evaluated 24 hours after exposure to equivalent amounts of a.i. by the presence
and severity (duration and frequency) of pyrethroid-specific tremors and
the assessment of 21 sublethal developmental endpoints. Fish exposed
to greater than 20 µg a.i. /L technical λ-Cy or formulated product
experienced curvature of the body axis, pericardial edema, craniofacial
malformations and mortality. Exposure to the unfractioned formulation,
MF, NF and technical active ingredient resulted in no significant differences in the occurrence of sublethal endpoints or mortality; however,
the technical active ingredient exposure resulted in significantly less fish
experiencing tremors and shorter tremors compared to the formulated
product exposures. This suggests that the capsule size does not influence
the toxic response of the entrapped λ-Cy, although testing across other
encapsulated products is needed to determine if size does not influence
toxicity regardless of encapsulation technology.
750 Comparative Bioavailability and Toxicity of Silver Nitrate and
Silver Nanoparticles Across a Salinity Gradient in Fundulus grandis
Embryos
C. Tseng, E. Bigorgne, Baylor Univ / Environmental Science; H. Hsu-Kim,
Duke Univ / Dept of Civil Environmental Engineering; K. Porter, Duke
Univ / Environmental Aquatic Chemistry; C.W. Matson, Baylor Univ /
Environmental Science
Silver (Ag) is one of the most toxic heavy metals and it is actively
released to the environment from municipal and industrial wastes.
Recently, silver nanoparticles (AgNPs) have been used commercially
and in consumer products because of their antimicrobial properties.
The increase in Ag released to the environment raises concerns, and
unfortunately knowledge of the potential impacts or toxicity in different
aquatic environments is still limited. Gulf killifish (Fundulus grandis)
are ubiquitous in coastal marshes across the Gulf of Mexico and they
have been used as an ecologically relevant model to study ecotoxicology.
In a previous study, we found that AgNO3 caused higher mortality in
Atlantic killifish (Fundulus heteroclitus) embryos at higher salinities (0.1
versus 10‰), a finding not predicted under current risk models. As for
AgNPs, a higher salinity (10‰) showed a protective effect with the F.
heteroclitus embryos. In this study, we compared the toxicity of AgNO3
and AgNPs at salinities of 0, 0.1, 10, and 20‰ artificial seawater, and
measured the LC50 at each salinity in F. grandis embryos. We found
that the toxicity of AgNO3 initially decreased with increasing salinity, but then bounces back at higher salinities in 48-h fish embryo tests.
However, for AgNPs, we observed high salinity to have a complex influence on toxicity, resulting from alterations to nanoparticle behavior and
Ag speciation. A decrease in uptake of Ag was observed at the highest
salinity (20‰), as well as a negative relationship between salinity and
the proportion of Ag in chorion. Importantly, we did not see a strong
correlation between bioavailability or uptake and toxicity. We anticipate
that this study will contribute to current efforts to improve ecological risk
models for AgNPs.
751 The zebrafish embryo as a model to determine unique and specific
biological impacts of nanoparticles
N. Vinas, Mississippi State Univ / Environmental Laboratory; N.
Kothalawala, A. Dass, Univ of Mississippi; M. Simonich, Oregon State
Univ / Environmental and Molecular Toxicology the Sinnhuber Aquatic
Research Laboratory and the Environmental Health Sciences Center;
L. Truong, Oregon State Univ / Dept of Environmental and Molecular
Toxicology Environmental Health Sciences Center; R.L. Tanguay, Oregon
State Univ / Environmental Molecular Toxicology
Due to their increasing use in industry and consumer products, nanoparticles (NP) have been identified as compounds of emerging concern with
largely unknown risks for human and environmental health. Recent
work suggests that NP can cause toxicity in humans and wildlife. It is
well known that the coatings can affect the toxicity of NP. Here, we synthesized 3 nm gold, silver, and a gold-silver alloy NP with two different

coatings (pmba and cap). We used a set of in vivo assays to analyze the
hazard of these synthesized NP in order to explore the potential effects
of ionic release and different coatings in overall toxicity. These in vivo
assays used the zebrafish embryo (Danio rerio) as a biological sensor
to evaluate a comprehensive battery of developmental endpoints for
chemical hazard via multiple mechanisms of action. The developmental
zebrafish assays are conducted in physiologically intact organisms, and
the embryos develop in a short window in which there is a high probability of detecting adverse outcomes such as developmental delays,
morphological abnormalities and behavioral alterations. Zebrafish is a
highly prolific, small, complex organism that shares a highly conserved
anatomy and physiology with all vertebrates, making it suitable for
high-throughput assays to explore toxicity in other vertebrate species.
Embryos were statically exposed until 120 hpf and then assessed for
mortality, morphological endpoints, developmental toxicity endpoints,
and photomotor response behavior. Metal tissue burden was also measured. Interestingly, zebrafish exposed to cap-coated NP accumulated
more metal than the pmba-coated NP. While toxicity was pretty minimal in most cases, coating did affect the NP effects. Cap-coated AgNP
were the ones that affected more measured endpoints, including swim
bladder inflation, touch response behavior, and hyperactive behavior.
Our results showed that NP coating can affect its potential toxicity and
that the zebrafish embryo is a very promising model to detect NP hazard
and distinguish between common and unique mechanisms of toxicity
due to ion release or coating.
752 Novel methods for quantifying, predicting, and screening for,
nano-unique phototoxicity of TiO2; an example based on cementitious TiO2
S.A. Diamond, NanoSafe Inc. / Midwest Division; A.J. Kennedy, CEERDEPR / Environmental Laboratory; A.R. Poda, US Army Engineer
Research and Development Center; C. Weiss, J. Brame, CEERD-EPR /
Environmental Laboratory; K. Torres-Cancel, US Army Engineer Research
and Development Center; R. Moser, CEERD-EPR / Environmental
Laboratory; S. Li, EPA / Environmental Toxicology
TiO2 is one of the highest-volume nanomaterials currently in production, with an increasing proportion produced at the nano-scale and
used in nano-specific applications. Among these applications, those
that harness the photoreactivity of TiO2 (that occurs at the nano-scale)
are also increasing. Nano-scale TiO2 typically (with some exceptions)
exhibits low toxicity in aquatic assays; with endpoints such as mortality,
growth, and reproduction occurring at 100s of mg/L, or reported as “no
response” at or above these levels. In contrast, bioassays that incorporate
solar (or UV) radiation indicate that nano-TiO2 toxicity can be increased
by as much as four orders of magnitude. For example, the results of our
D.magna bioassays estimate the phototoxicity-based 48-h LC50 to be
29.8 (95% CI: 24.8–35.1) ug TiO2/L at UVA irradiance of 1,700 uW/
cm2 applied for 4 h per day, compared with an estimated LC50 of 292
mg TiO2/L under laboratory lighting. The mechanism of action involves
the production of reactive oxygen species. Predictive metrology requires
novel testing methods and dosimetry that incorporates both TiO2 mass
concentration and photon dose (intensity × duration). We have also
developed novel screening tools, including photocatalytic degradation of
fluorescent dyes both in vitro and in vivo, and have demonstrated their
direct application in predicting whole organism responses. However, to
date, all of these efforts have focused on as-produced Evonik p25 TiO2.
More recently, we are evaluating a strongly photoreactive form of TiO2
used extensively in cementitious applications where its photoreactivity
serves a “de-polluting” function as well as producing self-cleaning surfaces. This material, mixed in concrete, can enter the environment during
production, transport, use, and weathering. TEM imaging has revealed
that these materials occur at a broad range of sizes from nano-scale
scale to micro-scale, and that TiO2 can occur as isolated aggregates,
agglomerates, and embedded in cementitious particles. This broad range
of particle sizes, the presence of nanomaterials embedded in macro-scale
particles (yet retaining their photoreactivity), presents several unique
challenges for hazard and risk assessment. We will discuss these issues,
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approaches to addressing them, and results of aquatic assays that test
whether the predictive, novel approaches for quantifying and screening
toxicity of as-produced TiO2 are applicable to cementitious materials.
753 Silver nanoparticle toxicity in a marine gastropod Telescopium, a
potential biomonitor of tropical intertidal mangrove sediments
S. Palani, Birla Inst of Technology & Science, Hyderabad Campus /
Biological Sciences
Extensive production and application of silver nanoparticles (Ag NPs)
have increased their release into the environment, including marine
ecosystem. There is a paucity of information on potential effects of Ag
NPs on marine organisms especially from mangrove infested zones.
Present study was first of its kind, intended to delineate toxicity of Ag
NPs on a marine Potamidid gastropod, Telescopium telescopium (Linnaeus
1758), commonly called as horn snail. Physicochemical characterization of sodium citrate stabilized Ag NPs (size 20 nm and 40 nm) was
carried out with the help of dynamic light scattering and transmission
electron microscopy. Lab-acclimatized gastropods were exposed to Ag
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NPs via sedimentary diet for a period of 96 h. Similar experiments were
done with aqueous Ag (AgNO3) and the toxicity results were compared.
Subsequently, subcellular distribution of Ag NPs in gastropods was
determined by using ICPMS. Transmission electron microscope was
used to elucidate internalization of Ag NPs in gastropods. Moreover,
potential of Ag NPs to cause oxidative stress was elucidated by measuring levels of antioxidant enzymes viz., catalase, superoxide dismutase
and lipid peroxidation. Results indicated that change in zeta potential of
Ag NPs lead to their agglomeration. Electron micrographs of gastropod
tissues showed internalization of Ag NPs. Significant difference was
observed in the intracellular concentrations of Ag in gastropods exposed
to Ag NPs and aqueous Ag, the bulk counterpart. Altered activities of
antioxidant enzymes and lipid peroxidation were observed in gastropods
exposed to Ag NPs. In summary, sediment dietary exposure of Ag NPs
can lead to their accumulation in T. telescopium thereby causing perturbations in the form of oxidative stress. Outcomes of present study can serve
as proxies in using T. telescopium for environmental monitoring and safety
assessment of Ag NPs in mangrove and intertidal ecosystems.
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Biomonitoring of Human Exposure
Assessment to Xenobiotics
MP001 Analysis of Perfluoroalkyl Substances in Food, Drinking
Water, and Indoor Dust from New York State and the Assessment of
Human Exposure
Q. Wu, K. Kannan, New York State Dept of Health / Wadsworth Center
Dept of Health
Perfluoroalkyl substances (PFASs) have been used as surfactants and surface protectors in many consumer products. PFASs have been reported
to elicit numerous adverse health effects in humans. Americans have
the highest levels of PFASs in their bodies in comparison with populations from other countries. Little is known on the sources and pathways
of human exposure to PFASs. In the present study, twelve PFASs were
analyzed in 139 food and beverage samples, 23 drinking water samples,
and 23 indoor dust samples collected from New York State, by using
isotopic dilution high performance liquid chromatography tandem mass
spectrometry (HPLC-MS/MS). Among 139 food samples, 121 (87%)
samples contained at least one of the PFASs. Among the 12 PFASs
analyzed, PFOS was detected at the highest frequency, at 72%, followed
by PFOA (55%). In 23 drinking water samples, PFOA concentrations
ranged from < LOQ to 17.4 pg/mL; PFNA concentrations ranged from
< LOQ to 38.4 pg/mL. In 23 indoor dust samples, total PFAS concentrations ranged from 59.3 to 9074 ng/g (mean ±SD :1441 ± 2302 ng/g).
The calculated median human exposure doses in the present study were
0.65 ng/kg bw/day for PFOS, and 0.57 ng/kg bw/day for PFOA, which
were similar to the values derived from serum biomonitoring data for the
US general population. Based on the concentrations measured for drinking water, foodstuffs, and indoor dust collected from New York State,
the relative contributions from each source to the total PFAS exposures
were derived. Food consumption is the major source for both PFOS and
PFOA exposure, followed by indoor dust ingestion. Drinking water,
meat and poultry are the major contributors for PFOS exposure, while
drinking water is the major contributor for PFOA exposure.
MP002 Mercury (Hg) exposure and its influence on the neurodevelopment of Saudi breast-fed infants
I. Al-Saleh; M. Nester, M. Abduljabbar, R. Al-Rouqi, C. Eltabache, T.
Al-Rajudi, R. Elkhatib, King Faisal Specialist Hospital & Research Centre
This cross-sectional study presents the levels of mercury (Hg) in healthy
Saudi mothers and their respective infants (age 3-12 months) and examines its influence on their neurodevelopment using screening tools such
as: Denver Developmental Screening Test II (DDST-II) and Parents’
Evaluation of Developmental Status (PEDS). A total of 944 mothers and their respective infants were recruited from 57 Primary Health
Care Centers (PHCCs) in Riyadh City. Total Hg (THg) levels were
measured in mothers and infants urine (UTHg-M and UTHg-I) and
hair (HTHg-M and HTHg-I) samples respectively as well as in breast
milk and mother’s blood. Methylmercury (MeHg) levels were determined in hair samples from mothers (MeHg-M) and infants (MeHg-I).
Only 40.1% of infants were breast-fed when enrolled, and 59.9% stopped
breast-feeding. Though our study revealed only 1.8% (mothers) and 0.3%
(infants) had MeHg above the EPA reference dose (1 µg/g) with low
median values of 0.132 µg/g dry wt. and 0.091 µg/g dry wt. respectively,
it did significantly affect infant’s DDST-II performance. On the other
hand, the levels of UTHg-M corrected for creatinine (Cr), HTHg-M,
HTHg-I and HMeHg-M displayed an association with PEDS performance. The median values and % of tested population exceeding the
recommended limits for Hg in urine and hair set by WHO (5 µg/g Cr)
and EPA (1 µg/g) respectively were 0.695 µg/g Cr, 3% (UTHg), 0.118
µg/g dry wt., 4.1% (HTHg-M), 0.101 µg/g dry wt., 2.8% (HTHg-I) and
0.132 µg/g dry wt., 1.8% (HMeHg-M). Our study provides an evidence
of an association between some Hg measures and delays in infant’s
neurodevelopment despite their low levels and irrelevant of infant’s
breast-feeding status. The results are of potential concern because delayed
psychomotor or mental performance in infants could be an indicator of
later neurocognitive development in children, which may persist into
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adult life as shown in other studies. The DDST-II and PEDS screening
instruments were not previously standardized locally, and this may lessen
somewhat the impact of this study. There is a necessity to develop effective
standardized developmental screening tools to ensure that all children
who are at risk of neurodevelopmental problems during early life should
be identified in order to receive appropriate and timely early intervention.
MP003 Organophosphorus and brominated flame retardants in
human breast milk from Japan
T. Kunisue, Ehime Univ / Center for Marine Environmental Studies; K.
Nishimoto, Ehime Univ; T. Isobe, National Inst for Environmental Studies;
S. Tanabe, Ehime Univ / Center for Marine Environmental Studies
Organophosphorus flame retardants (PFRs) are added to a wide range
of consumer products, to prevent combustion and to delay the spread of
fire after ignition. Recently, brominated flame retardants (BFRs) such as
poly- (tetra-, penta-, hexa-, hepta-) brominated diphenyl ethers (PBDEs)
and hexabromocyclododecanes (HBCDs) have been included in the
list of restricted chemicals on the Stockholm Convention on persistent
organic pollutants, and hence the usage of PFRs has been increasing, implying their indoor environmental contamination and exposure
risk for humans. However, little information on human exposure to
HBCDs and DecaBDE (BDE-209) that is still in use, and no data on
PFRs are available in Japan. In this study, we attempted to elucidate the
contamination status of PFRs, PBDEs, and HBCDs in human breast
milk collected from Japanese mothers during 2009-2014. Furthermore,
to evaluate the temporal variations in levels and profiles of these flame
retardants, we analyzed Japanese breast milk samples archived in the
Environmental Specimen Bank (es-BANK) at Ehime University, which
were collected in 1999. PFRs and BFRs were detected in all the breast
milk samples collected during 2009-2014 and the concentrations were
in the order of PFRs ≈ HBCDs > PBDEs. Interestingly, the median
concentrations of PFRs and HBCDs were higher than those of PCBs
detected in the same sample set. Among PBDE congeners and HBCD
isomers analyzed, BDE-209 and α-HBCD were respectively dominant
in human breast milk. As for the composition of eleven PFR compounds
targeted in this study, tris-[2-butoxyethyl] phosphate (TBOEP) with
relatively high lipophilicity (log Kow 4.38) showed the highest proportion, suggesting recent human exposure to TBOEP and transfer of this
PFR to breast milk. When compared with data of BFRs and PFRs
observed in the breast milk samples collected in 1999 (1999-samples),
the median concentrations of HBCDs and PFRs were higher in those
collected during 2009-2014 (2009-2014 samples). On the other hand,
concentrations of PBDEs and PCBs in 2009-2014 samples were comparable to and lower than those in 1999-samples, respectively. These results
imply that exposure levels of HBCDs and PFRs for Japanese people have
been increasing since 1999. Especially, among the PFR compounds,
TBOEP showed significantly higher concentrations in 2009-2014
samples compared to 1999-samples, strongly supporting recent human
exposure to this PFR.
MP004 Temporal trend of PBDEs in Northern California pregnant
women
E. Parry, California Dept of Toxic Substances Control / Biomonitoring; J.
Park, California EPA / Dept of Toxic Substances Control, Environmental
Chemistry Laboratory; A. Zota, George Washington Univ; G. Yeh,
California EPA / Dept of Toxic Substances Control, Environmental
Chemistry Laboratory; W. Duong, California Dept of Toxic Substances
Control; M. Petreas, California Dept of Toxic Substances Control /
Environmental Chemistry Lab; T. Woodruff, Univ of California, San
Francisco
Polybrominated diphenyl ethers (PBDEs) are flame retardants that
have been phased out of use in the US. However, like polychlorinated
biphenyl ethers (PCBs), PBDEs persist in the human body. As PBDEs
have been linked to neurodevelopmental harm in children, their concentrations in pregnant women and children are of particular concern.
During 2008-9, 2011-12, and 2014, blood samples were collected from
three cohorts of second trimester pregnant women with similar demographics. Fetal livers were collected only during 2011-12, and 2014
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from terminated pregnancies. Serum and liver samples were analyzed
for PBDEs and their hydroxylated metabolites (OH-PBDEs) using
liquid-liquid extraction, phase separation, and isotope dilution on a gas
chromatograph-high resolution mass spectrometer (GC-HRMS). The
phenolic fraction was methylated with nitrosomethylurea before instrumental analysis. We previously reported a significant drop in sum of five
major PBDE levels (BDE-28, -47, -99, -100, -153) in serum between the
first two cohorts. However, these levels in serum and fetal liver samples
in 2014 are not significantly different from the 2011-12 cohorts. This
suggests PBDE exposures may be leveling out similar to PCBs. This
is the first report that indicates the decrease of PBDE levels may slow
down in California population although continuous follow up study is
warranted to confirm this result.
MP005 Biomonitoring of Newcomer Women from South and East
Asia in Two Canadian Cities
M.S. Curren, D. Haines, Health Canada / Chemicals Surveillance Bureau
Healthy Environments and Consumer Safety Branch; T. Kosatsky, BC
Centre for Disease Control / Environmental Health Services; L. Dix-Cooper,
Environmental Health Services; R. Copes, Public Health Ontario; D. Cole,
Univ of Toronto / Dalla Lana School of Public Health; C.L. Wiseman, Univ
of Toronto / School of the Environment; D. Chakravartty, Univ of Toronto;
J.A. Archbold, Toronto Public Health / Healthy Public Policy Directorate
Preliminary studies indicate that levels of mercury, lead, and cadmium
in Asian immigrants are higher than for the general Canadian population. These newcomers may be exposed to metals in Canada through
their diets, smoking, or culturally-specific use of products such as
cosmetics and remedies. Given one in five people in Canada are born
outside the country, and Asia has been Canada’s largest source of
immigrants during the past 5 years (at nearly 60%), exposures to these
developmental toxicants may represent an important population health
risk. A new biomonitoring study is described that will measure mercury, lead, and cadmium in the blood of women of reproductive age
(WRA) in Vancouver (n = 300) and Toronto (n = 200) who have been
Canadian residents for 1 to 5 years following their direct immigration from South or East Asia. Urinary cadmium will be measured in
Vancouver. Determinants of metal concentrations will be evaluated using
culturally-relevant questionnaires. Biomonitoring data from this study
will be used to calculate descriptive statistics, and exploratory multiple
regression analyses will evaluate factors associated with blood concentrations of metals. As appropriate, data for newcomer women will be
compared with general Canadian biomonitoring surveys, for example,
the Maternal-Infant Research on Environmental Chemicals study for
pregnant women, and women from the Canadian Health Measures Survey.
Comparing Asian immigrant data with other Canadian surveys will aid
in determining whether risk management activities are effective for these
populations or require adjustment. Regional health authorities will use
study information to identify gaps in current public health messaging
and develop evidence-based public education tools. In conclusion, this
targeted biomonitoring study provides a major Canadian metropolitan
convenience sample of Asian immigrants and informs risk management
strategies for reducing lead exposures to the greatest extent practicable.
Moreover, in Canada, a provisional blood guidance value for mercury
has been established for women of reproductive age (and children). Asian
immigrants are frequently high consumers of certain fish species that are
predominant mercury exposure sources for Canadians. Thus, there may
be opportunity for interventions for reducing these exposures for participants with blood levels exceeding the mercury guidance value.
MP006 Associations of Serum Organohalogen Levels and Prostate
Cancer Risk: Results from a case-control study in Singapore
N. Pi, National Univ of Singapore / Dept of Civil and Environmental
Engineering; S. Chia, C. Ong, National Univ of Singapore / Saw Swee
Hock School of Public Health; B.C. Kelly, National Univ of Singapore / Civil
Environmental Engineering
There is increasing evidence that elevated exposure to organochlorine
pesticides (OCPs) and polychlorinated biphenyls (PCBs) may lead to an
increased risk of prostate cancer. As part of a hospital-based case-control

study of the Singaporean male population, we investigated the associations between measured serum concentrations of multiple organohalogen
contaminants of concern and the risk of prostate cancer. Serum concentrations of 74 organohalogen compounds, including individual
PCB congeners, OCPs, as well as several halogenated flame retardants
(HFRs), were determined in randomly selected serum samples (n = 120)
using gas chromatography triple quadrupole tandem mass spectrometry
(GC-MS/MS). A variety of OCPs, PCBs and HFRs were detected
in serum samples of both patients and controls. Mean concentrations
of p,p’ DDT, p,p’ DDE, PCB 118, PCB 138, PCB 153 and PCB 187
were significantly higher (p < 0.05) in serum of prostate cancer patients.
The observed levels of p,p’ DDE in serum of prostate cancer patients
were relatively high (mean: 13,700 ng/g lipid, 95% CI:7,000-26,800).
Detectable brominated flame retardants included BDE-47, HxBBz,
TeBBz, TBECH. Also, the two stereoisomers of the chlorinated flame
retardant, Dechlorane Plus (syn- and anti-DP), were detected in serum
samples. HxBBz exhibited the highest concentrations among the various
HFRs detected, with mean levels (ng/g lipid) of 4,200 (95% CI, 1,360
-130) and 4,770 (95% CI, 1,430-160) in cases and controls, respectively.
The odds ratio (OR) for p,p’ DDE and PCB-153 at the highest tertile (>
67th) were substantial, equal to 5.67 (95% CI, 2.37-13.54) and 2.14 (95%
CI, 0.99 to 4.66), respectively. In addition, ORs of other OCPs and PCB
congeners in some cases exceeded 1. ORs for HFRs were generally below
1 and did not exhibit an association with prostate cancer. The results suggest that exposure to DDTs and PCBs may be associated with prostate
cancer risk in Singapore. However, more comprehensive investigations
should be pursued to confirm these findings.

Advancements in the Field of Passive
Sampling: Unique Applications and Novel
Developments
MP007 Demonstration project using a modified POCIS for monitoring emerging contaminants in a groundwater well
D.A. Alvarez, USGS / Columbia Environmental Research Center; J.
Callegary, USGS; N. Paretti, USGS / Univ of AZ; A. Coes, USGS
The use of passive sampling devices for monitoring contaminants in
surface and ground waters is an established practice. However, options
have been extremely limited for passively sampling groundwater for
hydrophilic organic chemicals, including many emerging contaminants
related to wastewater effluents. In this work, we modified the polar
organic chemical integrative sampler (POCIS) into a configuration that
could be placed in a typical 5 cm (2 inch) diameter well casing. POCIS
were deployed in a daisy-chain configuration at a depth of approximately
31 m below the surface over three successive periods ranging from 72 to
100 days. POCIS were also deployed in the surface water of the adjacent
Santa Cruz River. The Santa Cruz River is a mostly ephemeral river that
originates in southern Arizona, flows north into Sonora, and re-enters
Arizona just east of Nogales, AZ. Wastewater from Nogales, AZ and
Nogales, Sonora is treated at the Nogales International Wastewater
Treatment Plant and discharged into the Santa Cruz River which
sustains perennial flow for approximately 15 miles downstream of the
treatment plant. The POCIS were analyzed for 59 chemicals related
to wastewater effluents and 30 human-use pharmaceuticals. Sixteen of
the wastewater indicator chemicals and 0 of the pharmaceuticals were
detected in at least one of the groundwater POCIS deployments compared to 37 wastewater indicators and 8 pharmaceuticals detected in the
surface water. Estimated concentrations of chemicals detected in both
the surface and groundwater POCIS were generally 1-2 orders of magnitude lower in the groundwater indicating removal of these chemicals by
degradation and/or sorption during infiltration. Chemicals detected in
both water types included several of the new generation phosphate flame
retardants, fragrances, and plasticizers.
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MP008 Why Aren’t We Using Passive Sampling More Often? - The
End-user Perspective
J.M. Conder, M. Vanderkooy, Geosyntec Consultants; J. Thompson; J.
Roberts, M. Healey, SiREM
Passive sampling approaches are now recognized as one of the best tools
to quantify the availability of organic compounds in sediment, surface
water, and soil. Despite the dozens of publications detailing the development and application of passive sampling approaches during the last
15 years, recent enthusiastic regulatory support (e.g., USEPA’s 2012
passive sampling guidance), and a 6-paper series detailing a successful
2012 SETAC Pellston workshop on passive sampling, the majority of
the end-user community (i.e., industrial and government organizations
with environmental responsibilities and the consultants that assist them)
continues to move slowly in applying this powerful technology. This
presentation will highlight the current real and perceived barriers to widespread application of passive sampling from an end-user’s point of view, as
well as practical lessons learned from a private environmental consultant’s
experiences in applying passive sampling techniques for clients during
the last 10 years. Additionally, we will discuss where the field of passive
sampling needs to trend in the next few years to maximize the adoption
of passive sampling approaches in the end-user community. Despite the
current challenges and research action items, it is clear that currentlyavailable passive sampling approaches are ready for widespread application
and can provide high-quality data to aid environmental decision makers.
MP009 Comparisons of Discrete and Passive Sampling for
Quantitation of Pulsed Exposures to Aquatic Organisms
S.A. Morrison, B. Luttbeg, Oklahoma State Univ / Dept of Integrative
Biology; J.B. Belden, Oklahoma State Univ / Integrative Biology
Most current-use pesticides have short half-lives in the water column
and thus the most relevant exposure scenarios for many aquatic organisms are pulsed doses. In order for exposure measurements to be useful
in comparing against toxicity studies, we are suggesting that maximum time-weighted averages over relevant exposure times are the best
exposure metric. Predicting intensity and length of episodic events is
challenging because complex environmental factors influence exposure
kinetics. Quantifying exposure using discrete water samples may not be
accurate as few studies are able to sample frequently enough to accurately
determine time-weighted averages (TWA). Integrative passive samplers
(IPS) continuously accumulate freely dissolved contaminants throughout
their deployment and have been demonstrated to be a promising measurement technique. In order to test the assumption that IPS may require
many less samples for accurate estimate of 96-TWA we conducted a
modeling exercise. Discrete sampling and four day integrations (passive samplers) were used to estimate maximum exposure concentrations
following pulsed exposures where water concentrations were described
by first order exponential decay and the initial pulse occurring randomly
in a 10 d period. Preliminary results suggest that discrete sampling yields
highly variable water concentrations and generally under predicts maximum exposure concentrations. Significantly less variation was observed
for the integrative approach and matched the actual maximum 96 h
time weighted average concentration using minimal integrations. Many
current IPS (e.g., POCIS) have been developed for longer term exposure
measurement (greater than 7 d) and relatively polar compounds. These
results emphasize the need to develop integrative passive samplers that
with short integration times (less than 4 d) for more reliable measurements of organic contaminants in aquatic systems.
MP010 Using Performance Reference Compounds (PRCs) to measure
dissolved water concentrations (Cfree) in the water column: Assessing
equilibrium models
A. Joyce, National Research Council USEPA / Atlantic Ecology Division;
R.M. Burgess, USEPA / Atlantic Ecology Division
Equilibrium-based passive sampling methods are often used in aquatic
environmental monitoring to measure hydrophobic organic contaminants
(HOCs) and in the subsequent evaluation of their effects on ecological
and human health. HOCs freely dissolved in water (Cfree) will partition
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into the passive sampler polymer achieving an equilibrium between environmental phases (e.g., dissolved organic carbon, suspended sediments).
One major challenge associated with passive sampling is ensuring that
equilibrium between the polymer and the environmental phases has
been attained for each HOC. Using performance reference compounds
(PRCs) is one way to address this challenge. Based on the percent of
PRC released during a deployment, a fractional equilibrium (feq) or
sampling rate (Rs) can be calculated and used to extrapolate equilibrium
conditions for target contaminants. Currently, there are several models
used to analyze PRC data that include first order kinetic and diffusionbased processes. This study performed an in-depth analysis of PRC data
using many of the common modeling methods to determine Cfree for
several polychlorinated biphenyls (PCBs). To achieve this objective, four
different thicknesses of low-density polyethylene (LDPE) passive samplers were preloaded with six, 13C-labelled-PCBs as PRCs and deployed
in the PCB contaminated New Bedford Harbor Superfund site (MA,
USA). This relatively large number of PRCs and elevated target contaminant concentrations provided a robust dataset for evaluating feq,Rs, and
modeled estimates of Cfree. Following the deployments, the percent of
PRC lost ranged from 0-100% and decreased with increasing PRC size
as well as sampler thickness, allowing Cfree comparisons for samplers
at different feq. Using the different thicknesses of LDPE also allowed
for further assessment of precision when using PRC models to measure
Cfree when samplers have not attained equilibrium. Overall, this investigation demonstrated the utility of PRC data for calculating feq and Rs
in order to adjust target contaminants to equilibrium conditions when
calculating Cfree.
MP011 Emerging Organic Pollutants in surface waters in Costa Rica:
A first assessment of pollution level using passive sampling
A. Ledezma, Instituto Tecnologico de Costa Rica / Chemistry; F. Roa,
Instituto Tecnologico de Costa Rica / Chemistry Departament; C.S. Wong,
Univ of Winnipeg / Richardson College for the Environment; L. Hernandez,
Instituto Tecnologico de Costa Rica / Chemistry Departament; K. Luong, L.
Chaves, Univ of Winnipeg / Richardson College for the Environment
The occurrence of 28 organic emerging pollutants from agrochemicals
to pharmaceuticals and personal care products, was evaluated in three
Costa Rican rivers with different anthropogenic impacts. Sampling sites
were selected in order to generate preliminary environmental concentration ranges for a river with low human impact (Para Blanco River
as baseline), a river with high agriculture impact (Toro River), and the
highly polluted river impacted with urban and agriculture activities in
the Great Metropolitan Area (Virilla River). Passive sampling technology was applied by allowing continuous samplers in each site for a 28
day period during 2014. The quantitative analysis was performed using
liquid chromatography-electrospray ionization tandem mass spectrometry. Environmental concentrations (TWA) found are consistent with
the impact mentioned above. The major contaminant found in Toro
river mainly impacted by agriculture was Diazinon, an organophosphate
pesticide, with a maximum environmental concentration of 119.2 ng /
L, while in the urban river (Virilla), the predominant contaminant was
atenolol, a drug b- blocker, at a maximum concentration of 602.8 ng / L.
The river used as baseline resulted with much lower concentrations, in
agreement with the lower anthropogenic impact. These results demonstrate that for Costa Rica, the lack of adequate wastewater treatment, the
characteristics of tropical climates conditions, population habits and the
lack of regulation, have promoted the presence of these contaminants in
surface water, which exposes aquatic ecosystems and the general public
to potential chronic effects. It is hoped that this research will serve as
a basis for stakeholders as health and environmental authorities to take
initiatives for environmental monitoring and control at national level in
the near future.
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MP012 Guidance on using Passive Sampling in Evaluation of
Contaminated Sediments and Integration into Management of
Contaminated Sediment Sites
S.B. Kane Driscoll, Exponent, Inc. / EcoSciences; C. Menzie, Exponent;
R.M. Burgess, USEPA / Atlantic Ecology Division; G. Burton, Univ of
Michigan / School of Natural Resources Environment; U. Ghosh, Univ of
Maryland Baltimore County / Chemical Biochemical and Environmental
Engineering; P. Gschwend, MIT / Dept of Civil and Environmental
Engineering; D.D. Reible, Texas Tech Univ / Civil and Environmental
Engineering
Over the last 20 years, a substantial amount of research has been
conducted on the use of passive sampling methods (PSMs) to characterize the fraction of total contaminant in bulk sediment that is available
to be taken up by organisms. Unfortunately, significant barriers to the
use and regulatory acceptance of these methods persist. These barriers
have been attributed to uncertainty regarding advantages and limitations of the methods, lack of standard methods that have been critically
reviewed and validated, and lack of consensus on technical guidance
for use in regulatory decision-making. This presentation will introduce
two recent US government guidance documents on the use of PSMs in
sediment management. The first document, titled Laboratory, Field, and
Analytical Procedures for Using Passive Sampling in the Evaluation of
Contaminated Sediments: User’s Manual, is intended to provide guidance necessary to use PSMs to evaluate contaminated sediments. This
document discusses types of samplers used most commonly in the United
States, the selection and use of performance reference compounds, the
extraction and instrumental analysis of passive samplers, data analysis
and quality assurance/quality control. An example quality assurance
project plan and case studies are provided in appendices. The second document, titled Integrating Passive Sampling Methods into Management
of Contaminated Sediment Sites, provides guidance on how to integrate
PSMs into the management of contaminated sediment sites. This document was developed to address specific issues raised by remedial project
managers regarding the use of passive samplers, including information
on where and how PSMs have been used, and how PSMs provided value
for the evaluation and management of contaminated sediments. These
documents are intended to provide a sound foundation for the use of
PSMs at contaminated sediment sites.
MP013 Using Passive Samplers to Monitor Contaminant Transport
in a PCB-Contaminated Estuary
M.J. Benotti; L. Lefkovitz, D. Dahlen, Battelle; R.H. Sugatt, USEPA; P.
Hugh, M.R. Koenig, US Army Corps of Engineers
This presentation will highlight the applicability for using polyethylene
devices (PEDs) to interpret contaminant occurrence, fate and transport
at the New Bedford Harbor Superfund Site (site), located in Bristol
County, Massachusetts. The site extends from the shallow northern
reaches of the Acushnet River estuary south through the commercial
harbors of New Bedford and Fairhaven and into 17,000 acres of Buzzards
Bay. Industrial and urban development surrounding the harbor has
resulted in sediments becoming contaminated with high concentrations
of many pollutants, notably polychlorinated biphenyls (PCBs) and heavy
metals. Two manufacturing facilities improperly disposed of industrial
wastes containing PCBs from the 1940s until EPA banned their production in the 1970s. As a result, the Harbor contains a six mile stretch of
contaminated sediment from the Acushnet River into Buzzards Bay.
Long-term monitoring of water, sediment and tissue PCB concentrations
have helped elucidate the fate and transport of PCBs at the site, though
data gaps still remain. In particular, risk evaluations indicate that PCB
concentrations measured in biota from Buzzards Bay are inconsistent
with predicted levels based on the existing sediment data. As a result,
passive samplers, specifically PEDs, were employed to better understand
water column PCB concentrations that biota may be exposed to and to
estimate PCB flux into or out of the sediment at the site. At six stations
in Buzzards Bay, PEDs were deployed half-buried in the sediment to
monitor both water column and porewater concentrations. Calculation of
dissolved concentrations involved the use of four performance reference
compounds (PRCs). The resultant data were 1) compared to measured

water and tissue concentrations to gauge how well they agree with direct
measurements, 2) used to calculate spatial differences in dissolved water
concentrations, and 3) used to calculate flux into or out of the sediment
at each site.
MP014 Assessing Recovery, Transport, and Stability for Over 160
Compounds in Silicone Personal Passive Samplers
S.G. O’Connell, G. Points, Oregon State Univ / Environmental and
Molecular Toxicology; M. Wilson, Oregon State Univ; K.A. Anderson,
Oregon State Univ / Environmental and Molecular Toxicology
Passive sampling is an established and diverse technology platform to
assess chemicals in the environment and for personal exposure. However,
practical considerations for storage and transport of these devices are
often over-looked, or only assessed for a handful of compounds compared to the wide breadth of analytes targeted. In this research, we have
improved upon existing methodology to infuse compounds into a silicone
sampler, and exposed these silicone wristbands to various temperature
and time points to characterize storage or transport stability. First, a new
infusion technique of pipetting 51 dissolved PAH compounds directly
on the surface of four wristbands was used to assess compound recoveries
after overnight storage in air tight bags under ambient (22 °C) conditions. PAH recoveries ranged from 24-116% for 49 PAHs, excluding two
compounds that had responses below detection limits. Of those 49 compounds, the average recovery was 83%, and the median was 89%. The
relative standard deviations of overnight wristbands were excellent over
the 49 PAHs, with 41 compounds below 10%, and 48 compounds below
25%. Inter-day reproducibility will also be assessed using this infusion
technique, as well as increase the compounds examined to include 63
pesticides, 32 PCBs, 10 OPAHs, and 7 flame retardants. Additional
time points and temperatures will be assessed as well, with temperature
ranges including -20°C to 40°C, up to 28 days. With this information, a
robust knowledge of compound stability in silicone matrices will useful
in not only personal monitoring, but also for many laboratories using
silicone passive sampling techniques in field and laboratory research.
MP015 Organophosphate Flame Retardants: Calibration and Uptake
By Passive Air Samplers (GAPS)
L.M. Jantunen, Environment Canada; M.E. Shoeib, Environment Canada
/ Atmospheric Science and Technology Directorate; L. Ahrens, Swedish Univ
of Agricultural Sciences (SLU) / Dept of Aquatic Sciences and Assessment; J.
Schuster; T. Harner, Environment Canada / Atmospheric Science Technology
Directorate
Organophosphate (OP) flame retardants (FRs) are receiving increased
attention due to their high levels in the indoor environment and presence in remote locations including the Arctic. The widespread global
distribution of OP FRs is believed to arrive through various mechanisms including air transport – both in the gas-phase and sorbed to
aerosols. For atmospheric measurements, polyurethane foam (PUF)
disk passive air samplers (PAS) are ideal due their simplicity and low
cost, especially for the purpose of generating spatially resolved data. To
address uncertainties in the ability of PUF-PAS to capture new priority chemical classes in air and to derive air concentrations for particle
bound compounds, we coupled PUF-PAS with high volume air sampling
over one year. The derived sampling rates for OP FRs ranged from
2-10 m3/day. These calibration results were applied to archived samples
from the Global Atmospheric Passive Sampling (GAPS) Network to
determine atmospheric concentrations of OP FRs globally. The OP FRs
most frequently detected in PAS were tri-phenyl phosphate (TPhP),
tris(2-chloroethyl) phosphate (TCEP), tris(2-chloroisopropyl) phosphate (TCPP), tris(1,3-dichloro-2-propyl) phosphate (TDCPP) and
ethyl-hexyl diphenyl phosphate (EHDPP) with highest concentrations
observed at urban or near-urban sites. The first globally resolved spatial
and temporal trends of the OP FRs will be presented.
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MP016 Stability of Polycyclic Aromatic Compounds in Polyurethane
Foam-type Passive Air Samplers upon O3 Exposure
N. Jariyasopit, Environment Canada; Y. Liu, Chinese Academy of Sciences;
J. Liggio, Environment Canada; T. Harner, Environment Canada /
Atmospheric Science Technology Directorate
Passive air sampling has been widely used in air monitoring and
surveillance of persistent organic pollutants (POPs) and other priority chemicals such as polycyclic aromatic compounds (PACs), as it is
convenient, inexpensive, and does not require electricity to operate. The
sampling media include semipermeable membrane devices (SPMDs),
polyurethane foam (PUF) disks, and XAD resin. Because they are easy
to handle polyurethane foam (PUFs) disks are commonly used in a
number of air monitoring programs, including the Joint Canada/Alberta
Implementation Plan on oil sands Monitoring (JOSM) by Environment
Canada and Alberta Environment and Sustainable Resource
Development. A concern regarding the passive sampling method is
the potential reactions of PACs with atmospheric oxidants such as OH
radicals, NO3 radicals, N2O5, nitrogen oxides, O3, etc. during the field
deployment. Long deployment time may allow chemicals collected in the
sampling media to undergo transformation reactions with the oxidants
that would result in underestimation of their true concentrations in air.
This study investigated stability of PACs in polyurethane foam (PUF)
disks upon O3 exposure in a flow tube chamber at 0% and 50% relative
humidity. A wide range of PACs was evaluated by spiking PUF disks
with PACs and exposing to O3 at concentrations that were equivalent
to two months exposure, a typical deployment period for these passive
air samplers. The results showed that the majority of the PACs were
stable at 50% RH upon O3 exposure. In general, the reactivity of most
of the PACs decreased at higher RH, except for the reactive PAHs
(acenaphthylene, 2,3-dimethylanthracene, 9,10-dimethylanthracene,
dibenzothiophene, and 2-methyldibenzothiophene) which demonstrated
lower RH dependence. Under conditions of ambient sampling the PUFbased passive sampler is deemed capable of measuring concentrations in
air for most PACs even over extended deployment periods, with minimal
errors associated with degradation during sample collection.
MP017 Volatile Losses of Compounds from POM and PDMS Study
in Passive Sampling
S. Yan, Texas Tech Univ / Chemical Engeneering; C.L. Thomas, The Univ of
Texas at Austin / Civil Architectural and Environmental Engineering; M.I.
Rakowska, Civil and Environmental Engineering; D.D. Reible, Texas Tech
Univ / Civil and Environmental Engineering
Passive sampling methods have many benefits over conventional sampling techniques for water and sediment sampling. However, it has only
limited acceptance for sediment management decisions due to the lack
of robust quality assurance and control (QA/QC) strategies. A particular concern for volatile analytes is the loss of the target compound
during passive sampling processing between retrieval and extraction.
Any loss would lead to an underestimation of the concentration of the
volatile target analyte and an overestimation of the extent of steady
state. The study quantifies volatile losses of compounds from two most
commonly used passive sampler’s sorbent layers: solid phase microextraction (SPME) polydimethylsiloxane (PDMS) and polyoxymethylene
(POM). Models that incorporate the external mass transfer coefficient,
the compound’s Henry law coefficient and sorbent-water partitioning
coefficient have been developed. For PDMS external resistances were
found to control evaporative losses while for POM includes both internal
and external resistances are important. In this study, POM sheets (76
µm thickness) and SPME PDMS fibers with approximate outer/inner
diameter dimensions of 230/210 µm (10 µm thickness), 559/486 µm (34
µm thickness) and 1060/1000 µm (30 µm thickness) were placed into
the vials containing water-methanol solution respectively and loaded
with 14 PAHs. After equilibrating for 14 days, the vials were transferred
into temperature-controlled environmental chambers set at 4°C, 20°C,
and 25°C respectively and the sorbents exposed to air for between 0
and 48 hours before placing into solvent and the remaining PAH mass
measured. Triplicates were used for each POM or PDMS thickness and
temperature treatment. The models show that PDMS can quickly lose
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volatile compounds and that the samplers should be processed rapidly or
processed at low temperature to avoid these losses. Among the PAHs,
this is primarily a concern for naphthalene. For POM, volatile losses are
much less due both to internal mass transfer resistances and the thicker
sheets of polymer normally employed. This is offset by the slow uptake
kinetics of POM suggesting that an optimal passive sampling strategy
would employ POM for low molecular weight and volatile organics
where the slow uptake kinetics are less important and PDMS for higher
molecular weight compounds where volatile lossesare unimportant.
MP018 Critical micelle concentrations for different surfactants measured with polyacrylate-coated SPME fibers
J. Haftka, Univ of Utrecht / Inst for Risk Assessment Sciences; P.
Scherpenisse, Utrecht Univ / Inst for Risk Assessment Sciences; G. Oetter,
BASF SE / Materials Physics and Analytics; G. Hodges, Unilever Research
/ Safety and Environmental Assurance Centre; C.V. Eadsforth, Shell
International / Shell Health Risk Science Team; J. Hermens, Utrecht Univ /
Inst for Risk Assessment Sciences
The measurement of physicochemical properties of neutral organic
substances is important to predict partitioning or adsorption to environmental phases of interest. However, surface-active substances are
amphiphilic molecules with both a hydrophobic alkyl chain and a
hydrophilic head group. The amphiphilic nature of surfactants drives
the formation of micelles at the critical micelle concentration (CMC).
The CMC value is usually determined by measurement of electrical
conductivity or surface tension. The CMC value can also be determined
directly by the measurement of surfactant monomer concentrations using
solid-phase microextraction (SPME) fibers. Because only freely dissolved concentrations of surfactant monomers are measured, the CMC
is derived when the concentrations in the fiber reach a plateau in the
fiber-water sorption isotherms. In this study, the determination of CMC
for a wide selection of surfactants is evaluated with SPME fibers. The
selected compounds covered non-ionic, anionic, cationic, and amphoteric
surfactants from different compound classes. The CMC values for all
surfactants were derived when the concentrations in the fiber became
constant. The determined CMC values were in close agreement to the
values reported in literature. In the linear phase of the fiber-water sorption isotherm, the slope of the curve provided additional information on
the sorption process to the fiber. For neutral surfactants, the fiber-water
sorption isotherms showed linear partitioning to the fiber. However, the
fiber-water sorption isotherms for anionic surfactants showed non-linear
distribution to the fiber, probably because of sorption of ion-pairs to
the fibre coating. Cationic surfactants also showed non-linear distribution to the fiber, because these compounds can specifically sorb to
carboxylic acid groups that are present on the polyacrylate fiber surface.
Surprisingly, amphoteric surfactants showed linear distribution to the
fiber which was explained by a charge screening effect. The SPME fiber
method has been shown to be applicable for the determination of CMC
for surfactants from different compound groups. Furthermore, advantages of the SPME method are that differences in pH and ionic strength
are taken into account and phase separation is not required, because
freely dissolved concentrations are directly determined by the SPME
fibers.
MP019 Exploring right hand coiled coil (RHCC) proteins as a matrix
for a new passive sampling device for PAHs
J. Leslie, Stantec Consulting Ltd; J. Stetefeld, M. McDougall, Univ of
Manitoba; M. Hanson, Univ of Manitoba / Environment and Geography;
V. Palace, Stantec Consultants Ltd.
Passive sampling devices (PSDs) are increasingly used to determine the
bioavailability of contaminants in aquatic systems. PSDs accumulate
contaminants similarly to the biota that they are intended to model and
are constructed from various absorptive materials. They are retrieved
easily, extracted inexpensively, and provide certainty of contaminant
occurence in the area of interest. Current PSDs have relatively long
equilibration times for many PAHs, which becomes problematic when
volatile compounds are of interest. Right hand coiled coil (RHCC) is
a protein isolated from bacteria that reside in deep sea hydrothermal
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vents. The protein in thermally stable, resistant to a wide range of salinity, pH and sulfide concentrations and can be custom synthesized in
the laboratory in a vareity of polymeric forms. Development of RHCC
PSDs as monitoring tools may reduce the need for lethal fish sampling
and enhance the protection of critical habitat for sensitive species where
accidental oil spill monitoring may be required.
MP020 Silicone wristbands detect an individual’s pesticide exposures
in Africa
C. Donald, R. Scott, Oregon State Univ / Environmental and Molecular
Toxicology; K. Blaustein, M.L. Halbleib, Oregon State Univ; M. Sarr,
CERES Locustox; P.C. Jepson, Oregon State Univ; K.A. Anderson, Oregon
State Univ / Environmental and Molecular Toxicology
Pesticide use in Africa is projected to increase as food security is threatened by mounting pressures from population growth and climate change.
The potential for an individual’s exposure to a mixture of pesticides
may also be increasing, particularly among farming families in agricultural villages. Initial community-level estimates of exposure reveal that
high-risk pesticides are used extensively by West African farmers, but
the degree of exposure variation is unknown among men, women, and
children who each have unique farming duties. In this work, we quantify
individualized exposures of Senegalese farmers to 63 pesticides using a
recently-developed silicone passive sampling wristband and an optimized method for gas chromatography with electron capture detectors.
Participants also provided demographic and farming activity information with daily journals. High compliance was obtained with 70 of 75
wristbands worn and returned for analysis. Each wristband contained
between 2 and 10 compounds, with deltamethrin and cypermethrin as
the most frequently detected compounds in 99% and 94% of wristbands,
respectively. Incorporation of demographic information allowed identification of risk factors for exposure. This work further demonstrates the
utility of silicone wristband as a tool to evaluate an individual’s exposure
to mixtures of pesticide compounds.
MP021 Application of passive sampling technique for monitoring 64
pesticides in surface water in Japan
Y. Kameda, Chiba Inst of Technology / Civil Architectural and
Environmental Engineering
To monitor various pesticides in surface water is very important in an
aquatic environment. Especially, continuous or frequent monitoring
is desirable in the source of water supply. In Japan, there are several
hundred species of pesticides to monitor in surface river water as well as
purified water in order to supply “safe” drinking water. However, not all
the pesticides are investigated at most rivers and lakes for drinking water.
Furthermore, their water samples are generally collected once a month
though a large amount of herbicides are spread over paddy fields in every
spring and summer. Therefore, novel monitoring techniques are needed
for simultaneous analysis and continuous monitoring for a variety of pesticides in surface water. Passive sampling technique is one of the possible
monitoring methods, which can estimate time-weighted average concentrations (TWA) and can accumulate concentration data during sampler
deployment. In this study, passive sampling technique was developed
to monitor 64 pesticides mainly used for paddy field. Empore SDB-XD
disks were used for absorbent and put them into Chemcatcher® holders. Calibration experiments using flow-through exposure systems were
conducted in order to reveal sampling rates for 64 pesticides in our
laboratory. Absorbed mass of 64 pesticides were analyzed by GC/MS.
The calibration tests were performed under four different conditions of
water velocity. Some chemicals like isotopically aromatic hydrocarbons
were added as performance reference compounds and flow monitors. We
also applied this passive sampling technique to some rivers and revealed
seasonal trends of 64 pesticides TWA and compared TWA and grab
sampling data.

MP022 Passive sampling technique combined with ELISA assay
detection for monitoring neonicotinoid insecticides in surface water
in Japan
Y. Kameda, Chiba Inst of Technology / Civil Architectural and
Environmental Engineering
Neonicotinoid insecticides are widely used in Japan. Especially,
seven neonicotinoid insecticides such as Imidacloprid, Acetamiprid,
Thiocloprid, Clothianidin, Dinotefuran, Thiamethoxam and Nitenpyram
are popular. Their usage began from the beginning of 1990 and is
increasing till 2008 in Japan. Recent annual total usage of seven
insecticides is not increasing, approximately 400 tons per year in Japan.
However very little is known about their occurrence, their behaviors and
their ecological risk in Japan. Although their monitoring in surface water
including storm water, wastewater and sewage treated water, which can
be important to Japanese aquatic environment, is necessary to their ecological risk assessment, two big problems must be solved. One problem is
their difficult analytical method by using LC/MS/MS. The other is their
monitoring method which is constituted by only grab sampling. Grab
sampling is a very basic and effective sampling method when the “sampling frequency” is high. However, high frequency is difficult in most
investigations and screenings. In this study, a novel monitoring method
to measure neonicotinoid insecticides in surface water is developed. This
method is constituted of two techniques, passive sampling technique and
ELISA assay detection technique. Passive sampling technique is very
useful to on-site concentration, accumulation monitoring during deployment and evaluating time-weighted average concentration. ELISA assay
detection is very simple, rapid, selective and sensitive determination
technique. In this hybrid method, Chemcatcher® and commercial kit
are used. This presentation will show comparison between concentration data by LC/MS/MS and those by ELISA technique in grab water
samples, calibration tests for sampling rates of neonicotinoid insecticides
and their occurrence in surface water in Japan.
MP023 Screening of Halogenated Organic Pollutants in Waste Water
Treatment Plants using Passive Sampling and High Resolution Mass
Spectrometry
M. Robson, Brock Univ / Chemistry; X. Ortiz Almirall, Ontario Ministry
of Environment and Climate Change / Laboratory Services Branch; K. Jobst,
Ontario Ministry of the Environment and Climate Change; P.A. Helm,
Ontario Ministry of the Environment and Climate Change / Environmental
Monitoring and Reporting Branch; E. Reiner, K. MacPherson, Ontario
Ministry of Environment and Climate Change / Laboratory Services Branch;
I. Brindle, Brock Univ / Chemistry
Wastewater treatment plants are one route of entry of halogenated
organic pollutants (HOPs) to the aquatic environment. There is also
growing evidence that HOPs (e.g., hexabromocyclododecanes (HBCD))
can undergo transformation during the wastewater disinfection process,
potentially leading to the formation of more toxic and/or bioaccumulative contaminants. The aim of this study was to investigate the presence
of HOCs in wastewater effluent and the presence of HOP transformation products under varying disinfection technologies using polyethylene
(PE) passive samplers. PE samplers were deployed in three Ontario
wastewater treatment plants before and after the disinfection process.
Samples were analyzed for PCBs, PBDEs, HBCD, Dechloranes, and
other novel flame retardants by either gas chromatography (GC)-high
resolution mass spectrometry (HRMS), GC-high resolution time of
flight-MS (HRTOFMS), or liquid chromatography (LC)-HRTOFMS.
Both LC and GC-HRTOFMS analyses were run in full scan (50 to
1200 Da) mode to allow the identification of both targeted and non-targeted analytes in the same chromatographic run. Non-target screening
was carried out using a combination of mass defect analysis, followed
by mass spectral structural elucidation and library searches. Targeted
analysis revealed the presence of a number of key halogenated pollutants
including PBDEs, PCBs and 1,2-bis(2,4,6-tribromophenoxy)ethane.
The non-target screening revealed the presence of a number of potential
dehalogenated products of these analytes. These results also demonstrate
the utility of using PE passive samplers for the monitoring of HOPs in
situations like these.
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Integrated and Predictive Methods for
Assessing the Presence and Potential Impacts
of Contaminants of Emerging Concern
MP024 Assessing potential endocrine disrupting effects of municipal
effluents on fathead minnow (Pimephales promelas) populations in
Southern Saskatchewan
S. Hanson, Univ of Saskatchewan / Toxicology Centre; T. Bagatim, Univ
of Saskatchewan / School of Environment and Sustainability; K.B. Steeves,
S. Wiseman, N.S. Hogan, Univ of Saskatchewan / Toxicology Centre; A.
Hontela, Univ of Lethbridge / Dept of Biological Sciences; P.D. Jones, Univ
of Saskatchewan / School of Environment and Sustainability; J. Giesy, Univ
of Saskatchewan / Dept of Veterinary and Biomedical Sciences and Toxicology
Centre; M. Hecker, Univ of Saskatchewan / School of the Environment and
Sustainability and Toxicology Centre
The province of Saskatchewan is experiencing a dramatic increase in
population growth, resulting in a greater release of municipal wastewater
effluents (MWWEs) into local water bodies. There is concern regarding the impact of contaminants in this effluent, particularly endocrine
disrupting compounds (EDCs), to resident wildlife as conventional
wastewater treatment technologies are often incomplete or inefficient
at removing such compounds. Waterbodies in the southern Canadian
Prairies may be at an elevated risk of exposure to EDCs due to the
uniqueness of prairie surface water systems. During low flow periods,
Wascana Creek, a small stream in southern Saskatchewan can consist of
over 90% treated effluent originating from the City of Regina’s outdated
lagoon based treatment facility. The aim of this study was to assess the
potential endocrine disrupting effects of MWWEs on populations of
fathead minnows (Pimephales promelas) that inhabit Wascana Creek,
SK. Fathead minnows were collected during the spawning season
(August 2014) to assess overall health (condition factor, somatic indices),
reproduction endpoints (secondary sexual characteristics, concentrations of sex steroids in blood plasma, gonadal morphology and histology,
and gene expression), and sex ratios. Fish collected downstream of the
effluent fallout had lower gonadosomatic indices and significantly greater
hepatosomatic indices compared to fish from upstream populations.
Additionally, there was significant disruption of regulation of key genes
along the hypothalamus-pituitary-gonad-liver axis that are associated
with reproductive processes. Finally, male fathead minnows collected
downstream displayed lower scores of secondary sexual characteristics.
Preliminary data supports the hypothesis that MWWEs might be
adversely impacting populations of fathead minnows inhabiting receiving
waters around Regina, thus, warranting further research.
MP025 Characterization of the endocrine potencies of municipal
effluents across Canada using in vitro bioassays
T. Bagatim, Univ of Saskatchewan / School of Environment and
Sustainability; S. Hanson, H. Yuan, K.B. Steeves, S. Wiseman, N.S. Hogan,
Univ of Saskatchewan / Toxicology Centre; A. Hontela, Univ of Lethbridge
/ Dept of Biological Sciences; P.D. Jones, Univ of Saskatchewan / School of
Environment and Sustainability; J. Giesy, Univ of Saskatchewan / Dept of
Veterinary and Biomedical Sciences and Toxicology Centre; L. Bragg, Univ
of Waterloo / Dept of Biology; H. Dhiyebi, Univ of Waterloo / Biology; M.R.
Servos, Univ of Waterloo / Dept of Biology; C. Gauthier, Université du
Québec / INRS-ETE, Biology; F. Gagne, Environment Canada / Emerging
Methods; M. Hecker, Univ of Saskatchewan / School of the Environment and
Sustainability and Toxicology Centre
Recent years have witnessed increasing concerns regarding the presence
of contaminants in the environment that have the potential to adversely
affect the endocrine system of humans and wildlife. One of the major
sources for these endocrine disrupting chemicals (EDCs) in surface
waters are municipal wastewater effluents (MWWEs), as conventional
wastewater treatment technologies are frequently inefficient at removing
these compounds from raw sewage. However, our understanding of the
contribution of effluents from wastewater treatment plants (WWTPs)
to environmental endocrine disruption in Canadian surface waters is
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incomplete. Therefore, the aim of this project was to investigate the
effectiveness of six WWTPs across Canada to remove EDCs from
MWWEs. Specifically, samples of influents and effluents were collected
during spring, summer and fall in 2014 and winter in 2015 to evaluate
the influence of climatic conditions, population size and treatment level
on EDC removal efficiency. Endocrine potentials of wastewater were
analyzed using three in vitro bioassays: MVLN ((anti-)estrogenicity),
MDAkb2 ((anti-)androgenicity), and the H295R Steroidogenesis Assay
(steroidogenesis disruption). Preliminary results indicated that effluent
samples collected in summer 2014 from Regina (SK), Saskatoon (SK)
and Guelph (ON) WWTPs had a significant increase in estrogenicity
relative to the solvent controls at the highest concentration (10x). All
influent samples collected in spring and summer 2014 had a significant
increase in androgenicity relative to the solvent controls (4- to 5 fold),
while effluent samples were less potent and showed relatively great
variability in response, with the exception of samples collected from
Montreal (QC) WWTP in summer 2014, where androgenic activity
was detected. Removal efficiency of androgenic activity was greatest for
Quebec (QC) WWTP (89%) and least for the Montreal (QC) WWTP
(52%) in spring 2014, suggesting different efficiencies of treatment processes. This project will provide insights into the most effective approach
for monitoring MWWEs, and will inform development of advanced
wastewater treatment technologies for improved removal of EDCs.
MP026 Chemical-Gene Interaction Networks for Biological Effects
Prediction and Prioritization of Contaminants for Environmental
Monitoring and Surveillance
A. Schroeder, USEPA / Water Resources Center; D. Martinovic-Weigelt,
Univ of St. Thomas; G.T. Ankley, USEPA / National Health and
Environmental Effects Research Laboratory; K.E. Lee, USGS; N.G.
Vinas, Mississippi State Univ; E.J. Perkins, US Army Engineer Research
and Development Center / Environmental Laboratory; H.I. Schoenfuss,
St. Cloud State Univ / Aquatic Toxicology Laboratory; D.L. Villeneuve,
USEPA / Mid-Continent Ecology Division
Evaluating the potential human health and ecological risks associated
with exposures to complex chemical mixtures in the environment is
one of the main challenges of chemical safety assessment and environmental protection. There is a need for approaches that can help to
integrate chemical monitoring and biological effects data to evaluate
risks associated with chemicals present in the environment. Here, we
used prior knowledge about chemical-gene interactions to develop a
knowledge assembly model for detected chemicals at five locations near
the North Branch and Chisago wastewater treatment plants (WWTP)
in the St. Croix River Basin, MN and WI. The assembly model was used
to generate hypotheses about the biological impacts of the chemicals at
each location. The hypotheses were tested using empirical hepatic gene
expression data from fathead minnows exposed for 12 d at each location.
Empirical gene expression data were also mapped to the assembly models
to evaluate the likelihood of a chemical contributing to the observed
biological responses using richness and concordance statistics. The prior
knowledge approach was able predict the observed biological pathways
impacted at one site but not the other. Atrazine was identified as a potential contributor to the observed gene expression responses at a location
upstream of the North Branch WTTP. Four chemicals were identified
as contributors to the observed biological responses at the effluent and
downstream of the North Branch WWTP, with carbamazepine being
a significant contributor at both locations. Four chemicals were identified as the greatest contributors to the observed biological responses
in fish exposed to the effluent at the Chisago WWTP. Five chemicals
were identified as contributors to the observed biological responses in
fish exposed downstream of the Chisago WWTP, with 17b-estradiol
and estrone being two of the significant chemicals. Knowledge assembly
models have strong potential for associating chemical occurrence with
potential biological effects and providing a foundation for hypothesis
generation to guide research and/or monitoring efforts related to the
effects of contaminants in the environment. The contents of this abstract
neither constitute, nor necessarily reflect, official USEPA policy.
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MP027 Emerging and Conventional Contaminants Discharging into
the Dnieper River, Kyiv, Ukraine
R.M. Burgess, M.A. Cashman, K.T. Ho, USEPA / Atlantic Ecology
Division; I. Konovets, A. Lyashenko, Inst of Hydrobiology; S. Afanasiev, K.
Zorina-Sakharova, Inst of Hydrobiology National Academy of Sciences; M.
Milyukin, G. Terletska, A.V. Dumansky Inst of Colloid Chemistry and Water
Chemistry National Academy of Sciences; A. Lyakchovsky, A.V.Bogatsky
Physico-Chemical Inst
On the way to emptying into the Black Sea, the Dnieper River passes
by several large Ukrainian cities including Chornobyl, the capital Kyiv,
Zaporizhzhya, Dnipropetrovsk, and Kherson, and serves as a major
reservoir of drinking water to the country. While it is recognized that
these cities act as sources of conventional and emerging contamination
(CCs and ECs, respectively) to the Dnieper River, little is known about
the actual concentrations of these contaminants in the municipal effluent
and riverine waters. The objective of the current study was to quantify
the concentrations of CCs and ECs discharging into the Dnieper River
from Kyiv’s largest municipal wastewater treatment plant (MWTP).
For this investigation, we measured the concentrations of CCs and ECs
in Fall 2011 and Spring 2012 at up to seven stations. Samples included
the MWTP influent, effluent, drainage channel stations emptying into
the Dnieper River, stations downstream of the channel, and a station
upstream of the channel. Conventional contaminants included industrial
chemicals and pesticides (e.g., DDTs, α-, β-, γ-hexachlorocyclohexane)
while ECs included several categories (e.g., stimulants, antibiotics).
Industrial chemicals including PCBs, PAHs, DDTs, and other pesticides demonstrated concentrations ranging from 2.77 to 53.3 µg/L,
11.6 to 400 µg/L, 0.9 to 15.9 µg/L, and not detected to 22.5 µg/L,
respectively, with higher concentrations often occurring in Spring 2012.
Removal of industrial chemicals from the MWTP influent varied with
chemical and season but was frequently limited with evidence of other
sources of contamination, other than the MWTP, also contributing to
the river. In contrast, total metal concentrations (2.51 to 148 µg/L) were
higher in the influent in the Fall 2011 and showed substantial reductions in concentrations in the effluent (e.g., 53 to 64% lower). The ECs,
dominated by stimulants, had elevated concentrations in both seasonal
influents (5.48 µg/L to 29.4 µg/L) but concentrations decreased by 96%
in the post-MWTP effluent. In addition, there was no evidence of additional sources of ECs to the Dnieper River. Results suggest the MWTP
serves as a source of several CCs to the Dnieper River along with other
sources. In contrast, the ECs appear in the MWTP influent but are
effectively removed prior to discharge into the effluent stream.
MP028 Evaluating Impacts of Pulp and Paper Mill Process Changes
on Bioactive Contaminant Loading to the St. Louis River, Duluth,
MN
M. Kahl, G.T. Ankley, USEPA / National Health and Environmental
Effects Research Laboratory; J.E. Cavallin, E. Eid, M. Hughes, USEPA;
K.M. Jensen, USEPA / National Health and Environmental Effects
Research Laboratory; J.M. Mayasich, Western Lake Superior Sanitary
District; E. Randolph, EPA; K.E. Stevens, Univ of York / Environment
Dept; D.L. Villeneuve, USEPA / Mid-Continent Ecology Division
Past in vivo and in vitro studies have found estrogenic and aryl hydrocarbon receptor (AhR)-mediated bioactivities associated with final treated
effluent from a wastewater treatment plant (WWTP) discharging to the
St. Louis River Area of Concern near Duluth, MN. A long-standing
question has been the relative contribution of domestic (accounting for
around 55% of inflow) versus industrial sources, including a local pulp
and paper mill (PPM) effluent (PPE), which accounts for around 45%
of inflow, to these bioactivities. During the summer of 2013 the PPM
underwent a series of process changes which could potentially influence
the contaminant loading into the WWTP. A series of effects-based
monitoring studies on final treated effluent and receiving water were
conducted pre-, during, and post-PPM process changes to determine
whether they markedly affected bioactivity associated with the final
treated effluent. Fathead minnows were exposed to a constant flow
of effluent of varying concentrations (100%, 50%, 5%) on-site at the
WWTP or caged within the St. Louis River receiving water. Estrogenic

activity, as determined using an in vitro bioassay, was not markedly
altered by the PPM process changes. Hepatic vitellogenin (vtg) mRNA
abundance was consistently elevated in males exposed to 100% effluent, but not in those exposed to 20%, 5% or in the receiving water.
Cytochrome P4501a1 (cyp1a1) mRNA expression in male liver was also
induced in a concentration-dependent manner. While the magnitude of
fold-change in the expression of vtg and cyp1a1 mRNA varied over the
time-course of PPM process changes, the variation observed could not
be definitively linked to changes in effluent composition, as reflected by
the concentrations of approximately 70 organic contaminants detected
in the final treated effluent. Overall, the results do not support the
hypothesis that transition from a Kraft pulping to a dissolving pulping
process significantly altered the bioactive contaminant loading from this
particular WWTP to the St. Louis River Area of Concern. The contents
of this abstract do not reflect official USEPA policy.
MP029 Life After COPCs: “Emerging” Contaminants and Their
Potential Role at Superfund Sediment Sites
R. Gensemer, GEI Consultants / Ecological Division; C.A. Claytor, GEI
Consultants, Inc.; D.A. Murray, GEI Consultants, Inc. / Environmental
Division
CERCLA investigations typically evaluate chemicals of potential concern (COPCs) from legacy industrial sources of contamination. Typical
COPCs are metals, pesticides, polychlorinated biphenyls (PCBs), and
polycyclic aromatic hydrocarbons (PAHs). However, urban environments that are often the subject of CERCLA sediment investigations
are also subject to the influences of other chemical stressors, including
chemicals of “emerging” concern that have only recently become the
subject of environmental concern and investigation. Such chemicals
include pharmaceuticals and personal care products (PPCPs), many of
which can disrupt endocrine function in humans and wildlife (and so are
termed “endocrine disruptors”). This presentation explores why the list of
chemicals studied under CERCLA may need to be expanded to include
PPCPs in urban waterways, what data are available to evaluate ecological
or human health risk from exposure to PPCPs, and what data gaps or
other challenges exist for conducting such an evaluation. Using sediment
data collected in association with the remedial investigation of an urban
waterway, we conducted a screening-level risk evaluation to determine
which PPCPs may be present at concentrations that would trigger a more
detailed baseline risk evaluation. PPCPs that exceeded screening level
thresholds for ecological receptors included nonylphenol, estradiol, and
fluoxetine, and for human health included estrone, estriol, and nonylphenol. These risk exceedances were of a similar magnitude than other more
traditional CERCLA contaminants. Thus, we argue that consideration
needs to be given to expanding the list of chemicals evaluated under
CERCLA to include PPCPs that may contribute to risk to ensure any
sediment remedy addresses all relevant chemical stressors and is protective of human health and the environment.
MP030 Muddy Waters: The role of sediment in CEC fate, transport
and bioavailability
A.S. Kolok, Univ of Nebraska - Omaha / Nebraska Watershed Network; Y.
Zhang, Univ of Nebraska Lincoln / Dept of Civil Engineering; R. Krysl,
Univ of Nebraska Omaha / Biology; J.M. Ali, Univ of Nebraska Medical
Center / Environmental Agricultural and Occupational Health; S. BarteltHunt, Univ of Nebraska-Lincoln / Civil Engineering
Recent research has demonstrated that river sediment can act as a sink
and source of CECs and that the chemicals liberated from the sediment
can elicit adverse impacts on fish. In this presentation, we will present
field data from a sediment-exclusion experiment, in which fish were
exposed to different sediment profiles. The research was conducted at the
Elkhorn River Research, a field station that allows for on-site exposure
to river water in real time under natural conditions. River water was
pumped (0.5 L/min) into three mesocosms, with mesocosm 1 draining
successively into mesocosms 2 and 3. Adult female fathead minnows
were introduced into mesocosms 1 and 3 immediately after a major rain
event that carried a suite of agrichemicals into the river water, including
atrazine, acetochlor, propazine, metolachlor and dimethenamid. The
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chemical half-life of these compounds far exceeded the residence time of
the water within the system, suggesting that the chemicals in the water
were consistent among the three mesocosms. Substantial differences, in
contrast, were found in sediment quality and quantity among the three
mesocosms. During the 7-d exposure, over 900g of sediment settled out
in mesocosm 1, while only 18 g of sediment settled out in mesocosm 3.
Likewise, the sediment composition in mesocosm 1 included sands, silts
and clays, but only very fine silts and clays were found in mesocosms 2
and 3. Fish held in mesocosm 1 experienced molecular defeminization
(reduction in the expression of the estrogen responsive genes, vitellogenen and estrogen receptor alpha) while those in mesocosm 3 did
not. Intimate contact between the fish and the sediment in mesocosm 1
appeared to be necessary to elicit defeminization, and follow up studies are currently underway to elucidate this relationship. In Midwestern
watersheds, sediments play a profound role in the fate, transport and
biological activity of CECs that goes well beyond its role as a contaminant sink and source.
MP031 Reproductive and histopathological effects of municipal
wastewater effluent exposure in male and female fathead minnows
K.B. Steeves, S. Hanson, Univ of Saskatchewan / Toxicology Centre; T.
Bagatim, Univ of Saskatchewan / School of Environment and Sustainability;
S. Wiseman, Univ of Saskatchewan / Toxicology Centre; P.D. Jones, Univ
of Saskatchewan / School of Environment and Sustainability; J.P. Giesy,
Univ of Saskatchewan; M. Hecker, Univ of Saskatchewan / School of the
Environment and Sustainability and Toxicology Centre; A. Hontela, Univ of
Lethbridge / Dept of Biological Sciences; N. Hogan, Univ of Saskatchewan /
Toxicology Centre
Municipal wastewater effluents (MWWEs) contain anthropogenic
substances that can exhibit endocrine disrupting activity. In the Prairie
pProvinces, increasing urban populations and industrial activities has
meant greater water demand and therefore greater MWWE released
into the aquatic environment. The objectives of this study were to
(1) determine the biological effects of MWWEs on fathead minnow
(Pimephales promelas) using the USEPA short-term fish reproductive
bioassay assay and (2) compare responses to effluents collected from
both the Regina and Saskatoon wastewater treatment systems. Fish
were exposed for 21 days to 0 %, 10% and 50% effluent. The endocrine
disrupting effects were assessed using various reproductive measurements (number of eggs, fertilization success), as well as morphological,
histopathological, and molecular/biochemical indicators in both male
and female fish. Exposure of fathead minnows to Regina MWWE
caused a significant decrease in fecundity at all concentrations compared
to non-exposed minnows. Fish exposed to Regina MWWE caused a
trend of lowered gonadosomatic index (decreasing GSI), although this
effect was non-significant in male fathead minnows. Fecundity was not
affected by exposure to Saskatoon MWWE; however, male minnows
exposed to Saskatoon MWWE exhibited decreased liver somatic index
(LSI). Fertilization rate remained consistent regardless of treatment.
Histological examination revealed an increase in proportion of spermatogonia in male fathead minnow testes in high dose effluent concentrations
compared to control minnows in both Regina and Saskatoon exposures.
Increased testicular degeneration and interstitial cell hypertrophy was
observed in male fish from Regina and Saskatoon 50% effluent treatment
compared to controls. This study confirmed the reproductive impacts
of MWWE discharged into Saskatchewan aquatic systems and will
provide critical information regarding the particular toxicological risks
associated with ineffective removal of endocrine active compounds from
MWWEs. Funded by CWN.
MP032 Sucralose in wastewater effluent and receiving waters in the
US: An environmental exposure assessment
K.E. Kapo, M.L. Sebasky, R. Vamshi, Waterborne Environmental, Inc.;
D.B. Huggett, Waterborne Environmental, Inc. / Dept of Biological Sciences;
C.M. Holmes, Waterborne Environmental, Inc.
Down-the-drain exposure models provide a valuable screening-level tool
for estimating environmental exposure to product ingredients which are
treated and discharged at municipal wastewater treatment plants. We
present an environmental exposure assessment for sucralose, an artificial
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sweetener used in a variety of consumer products. Exposure modeling
was performed using the iSTREEM® model, a free and publically-available web-based model supported by the American Cleaning Institute
(www.istreem.org) which estimated concentrations of sucralose in
effluent and receiving waters across the US at mean annual and low flow
conditions. Wastewater treatment facility influent loadings of sucralose
were estimated using per-capita usage derived from market sales volume
combined with individual facility population served and daily flow
estimates within the iSTREEM® model. The screening-level assessment
used conservative assumptions for the exposure modeling including an
assumption of zero removal during treatment and no in-stream decay,
resulting in a representation of “worst-case” environmental exposure
estimates. Environmental concentrations estimated by the model at
mean annual flow conditions were comparable to sucralose concentrations typically expected to be observed in the field, with a 90th percentile
predicted environmental concentration (“PEC”) in surface waters of
approximately 1.9 µg/L. Maps of the estimated geographic distribution
of river concentrations of sucralose are presented using geo-referenced
concentration data generated by the iSTREEM® model. In addition to
screening-level assessment using national estimates, a refined approach
to the modeling was explored by incorporating spatial variation of
chemical loading based on demographic factors associated with sucralose
usage (e.g., prevalence of diabetes, obesity, etc.). Screening-level environmental exposure assessments such as the current modeling exercise
provide an estimated distribution of environmental concentrations of a
chemical of interest in a geographic context, which can be used to inform
risk management and/or subsequent higher-tier assessment.
MP033 Time course of hepatic gene expression and plasma vitellogenin protein concentrations in estrone-exposed juvenile rainbow
trout (Oncorhynchus mykiss)
H. Osachoff, BC Ministry of Environment / Land Remediation Section;
L.L. Brown, Environment Canada / Toxicology; L. Tirrul, Environment
Canada; G.C. van Aggelen, Environment Canada / Toxicology; F.
Brinkman, Simon Fraser Univ / Molecular Biology and Biochemistry; C.J.
Kennedy, Simon Fraser Univ / Dept of Biological Sciences
Estrone (E1) is a natural estrogen hormone found in sewage effluents and
surface waters and it is considered a contaminant of emerging concern
because of its endocrine disrupting effects in fish. In this study, molecularlevel indicators of E1-induced endocrine disruption were measured in
the liver and included: (1) the transcriptome, and (2) the time course of
hepatic events relating to vitellogenesis (the inducible process of producing egg components). Juvenile rainbow trout (Oncorhynchus mykiss) were
exposed to an environmentally-relevant concentration of E1 (24 ng/L E1
[0.1 nM]) for 7 days (d) and then placed in clean water for a 9 d recovery
period. Using a reference rainbow trout transcriptome, RNA sequencing
(RNASeq) showed that 115 transcripts were altered by E1 after 4 d of
treatment. The UniProt identification and GO values classified the transcripts as those affecting various biological processes including immune,
metabolic, transcription/DNA replication, apoptosis, cellular differentiation, clotting, endocrine and structural functions. The time course of
E1-inducible responses relating to vitellogenesis were examined in fish
sampled daily during the two phases of exposure. Hepatic gene expression
alterations evaluated by quantitative polymerase chain reaction (QPCR)
during the exposure period were found for vitellogenin (VTG), vitelline
envelope proteins (VEPs) α, β and γ, and estrogen receptor α1 (ERα1)
transcripts. ERα1 was the only transcript induced at all time points during the treatment phase, indicating that it was a reliable indicator of E1
exposure. Gradual increases occurred in VEPβ and VEPγ transcript levels, peaking at d7. VTG transcript was only elevated at d4, making it less
sensitive than VEPs to this low concentration E1 treatment. Inductions
of ERα1, VEPα, VEPβ and VEPγ transcripts ceased immediately upon
exposure termination, 1 d into the recovery phase. Plasma VTG protein
concentrations were not immediately elevated but peaked significantly at
d14, 7 d into the recovery phase. Thus, elevated vitellogenesis-related gene
expression and protein production occurred slowly but steadily at this
concentration of E1, confirming the sequence of events for transcripts and
VTG protein responses to xenoestrogen exposure.
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Pollinators and Agrochemicals
MP034 Evidence of time-dependent sorption of clothianidin in soils
limiting uptake of residues to corn pollen and canola nectar after
multiple applications
T. Xu, Bayer CropScience; D.G. Dyer, Bayer CropScience / Environmental
Safety; L. McConnell, Bayer CropScience AG; S. Bondarenko, R. Allen,
Valent USA Corporation; O. Heinemann, Bayer CropScience
Concerns regarding persistence of neonicotinoids in soil and possible
increased exposure to pollinators over time led to a large-scale assessment
of clothianidin residues in agricultural production fields after multiple
applications. The goal of the study was to determine both total and plantbioavailable residues in surface soils from 50 Midwest US corn and 34
Canadian canola fields with multiple years of use. Paired measurements
of corn pollen and canola nectar were collected for a portion of sites.
Detailed clothianidin use histories were collected for each field along with
total and plant-bioavailable fraction of clothianidin and soil properties.
The average concentration of clothianidin in 50 corn fields was 7.0 ± 4.2
ng/g which is less than would be expected from a single application of
Poncho®500 corn seed (~13 ng/g) indicating significant degradation is
occurring in the field. Clothianidin concentrations in corn pollen were
low (mean: 1.8 ng/g), and did not show higher concentrations in fields
with multiple years of clothianidin use. The average soil concentration
from the 34 canola fields with 1 to 4 years of clothianidin seed treatment
use was 5.9 ± 4.0 ng/g, and did not show significant accumulation with
multiple years of use. Canola nectar concentrations were low (mean 0.6
ng/g) and not correlated to use history. Plant-bioavailable (0.01M CaCl2
extractable) soil residue was only 10% of the total soil residue in corn
fields, and 6% in canola fields indicating that most of the total residue is
tightly bound. These results are consistent with earlier laboratory studies indicating that clothianidin undergoes time-dependent sorption.
Therefore, residues from previous applications are largely unavailable for
uptake by plants and will not be transferred to pollen and nectar.
MP035 A Sampling Journey: Collection of Nectar and Pollen from
Different Crops
S. Bondarenko, S. Hinarejos, Valent USA Corporation / Valent Technical
Center; R. Allen, Valent USA Corporation
The United States Environmental Protection Agency, in collaboration
with Health Canada’s Pest Management Regulatory Agency and the
California Dept of Pesticide Regulation, proposed in 2014 a new tiered
risk assessment process for pollinators. According to the “Guidance for
Assessing Pesticide Risks to Bees” (USEPA 2014), residues studies are
needed to measure pesticide concentrations in nectar and pollen of
treated crops, in order to assess real world dietary exposure to pollinators.
Success of such studies is highly dependent on understanding of flower
structure, yield of nectar and pollen, bloom period, collection techniques, sufficient amount of nectar/pollen for residue analysis, weather
conditions and the resources required to generate one sample. Direct
collection of nectar and pollen from plants is typically done using a
“hand collection” technique in the field. Nectar collection involves using
a microcapillary, and pollen collection involves using a vacuum pump
attached to a pipette tip containing a filter plug. Alternatively, foragers bees can be used to collect samples of nectar and pollen in confined
conditions (e.g., in cages). The objective of this presentation is to share
experience learned from sampling of nectar and pollen from different
crops in the field.
MP036 The Evaluation of Three Milkweed Species for Use in
Standard Seedling Emergence and Vegetative Vigor Testing
Guidelines
A. Kirkwood, Smithers Viscient / Ecotoxicology; C.R. Picard, Smithers
Viscient / Sediment and Plant Ecotoxicology; N. Marchessault, Smithers
Viscient; J.R. Hoberg, Smithers Viscient / Ecotoxicology; R.C. Biever,
Smithers Viscient / Dept of Environmental Toxicology
On May 19, 2015 the Office of Science and Technology Policy released
President Obama’s interagency task force’s Strategy to Promote the Health

of Honey Bees and Other Pollinators. A part of that strategy is the US
Environmental Protection Agency’s (USEPA) commitment to the
protection of the milkweed plants, the sole food source and significant
habitat for the monarch butterfly (Danaus plexippus). Three commercially
available milkweed species: antelope horns (Asclepias asperula ), common
milkweed (Asclepias syriaca), and bloodflower (Asclepias curassavica) will
be evaluated for their suitability for inclusion in the seedling emergence and vegetative vigor test formats outlined in OCSPP 850.4100
and 850.4150 guidelines. The results pertaining to percent emergence,
percent survival, shoot length and shoot dry weight will be provided
for each species. Future work may involve evaluating the effects of a
common contact herbicide on these three species following the OCSPP
850.4150 guideline to detect any potential differences in sensitivity
between the species.
MP037 Assessing the potential effects of chronic thiamethoxam
exposure to honey bees: results of a hive feeding study conducted in
North Carolina, USA
M.A. Feken, Syngenta / Ecological Risk Assessment; J. Overmyer, F. Rice,
Syngenta Crop Protection, LLC / Environmental Safety; S. Bocksch,
Eurofins Agroscience Services EcoChem GmbH / Ecotox Honeybees; M. Hill,
Eurofins Agroscience Services
Thiamethoxam is a systemic, neonicotinoid insecticide used to control
chewing and sucking insect pests on various crops. As bees can potentially be exposed to thiamethoxam via residues in nectar and pollen,
a colony feeding field study was conducted to evaluate the potential
effects of chronic dietary exposure to honey bees (Apis mellifera). Honey
bee colonies were exposed to thiamethoxam for six weeks via sucrose
solution (1:1 sugar:water) using in-hive feeders. Exposure occurred
during the summer in which a dearth of floral resources was expected in
order to increase consumption of treated solution. Five concentrations
of thiamethoxam were tested ranging from 12.5 to 100 ppb; control colonies received untreated sucrose. Colonies were placed in one of twelve
separate apiaries in a randomized block design. Honey bees were allowed
to forage freely throughout the duration of the study. Colony condition
was assessed at eight time points starting in May 2014 prior to exposure,
during the exposure, and after exposure until the end of October 2014.
Additional colony assessments were conducted in March and April 2015
to determine overwintering success and spring population build-up. Data
will be analyzed to determine any significant effects of thiamethoxam
exposure on the number of adult bees, eggs, larvae, pupae, amount of
stored pollen and honey, hive weight and hive mortality compared to
controls.
MP038 Role of the Varroa mite in honeybee (Apis mellifera) colony
loss: A case study for adverse outcome pathway development with a
nonchemical stressor
R. Milsk; D.L. Villeneuve, USEPA / Mid-Continent Ecology Division;
G.T. Ankley, USEPA / National Health and Environmental Effects Research
Laboratory; K.V. Garber, Office of Pesticide Programs Environmental Fate
and Effects Division; K.G. Sappington, Office of Pesticide Programs; J.
Housenger, USEPA / Office of Chemical Safety and Pollution Prevention; C.
LaLone, USEPA / Mid-Continent Ecology Division
Significant honeybee colony losses have been reported across North
America and Europe in recent years. A number of factors, both chemical
and nonchemical, have been associated with such losses. Adverse outcome pathways (AOPs) provide a conceptual framework to describe and
evaluate weight of evidence linking the perturbation of key events along
biological pathways (across multiple levels of biological organization) to
adverse outcomes of regulatory concern and therefore can be of utility for
understanding impacts of stressors to honeybee populations. An AOP
network is being constructed to describe multiple stressors that impact
honeybee health. As a component of this network, this presentation will
focus on the role of the Varroa mite (Varroa destructor), a nonchemical
stressor, as a contributor to honeybee colony losses. In particular, the
AOP construct will be used to describe linkages between viral susceptibility and subsequent honeybee colony loss, and further demonstrate
where chemical and nonchemical stressors merge, collectively impacting
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key events along the pathway. The development of AOPs can aid in
the identification of knowledge gaps and inform research prioritization
efforts in this area of increasing environmental and economic concern.
The contents of this abstract neither constitute nor reflect official USEPA
policy.

Wildlife Ecotoxicology: Molecular to
Community Effects
MP039 Effects of Perchlorate in Japanese Quail to Evaluate Avian
Two-Generation Toxicity Test Methods for Endocrine Disruption
M.J. Quinn, US Army Public Health Command / Health Effects Research
Program; A. Jackovitz, US Army Public Health Command / Toxicology; T.L.
Hanna, US Army Public Health Command / Toxicity Evaluation Program
We investigated the effects of oral and embryonic exposure to perchlorate in three successive generations of Japanese quail (Coturnix japonica)
to help assess developing methodologies for an avian two-generation
endocrine disruption toxicity test. The F0 generation of quail received
perchlorate through drinking water (0, 325, 650, 1000, 1500 mg/L),
the F1 generation was exposed through maternal deposition as embryos
and through water from day of hatch throughout adulthood, and the F2
generation was only exposed to perchlorate in ovo. Onset to reproductive
maturity, copulatory behavior, egg production, fertility, eggshell strength
and thickness, and sperm concentration and motility were assessed in
adults from all generations. Circulating estradiol, testosterone, triiodothyronine (T3), and thyroxine (T4) were analyzed in adult plasma
samples. Liver, heart, bursa of Fabricius, cloacal glands, testes, epididymides, thyroid glands, brain, pituitary, pineal, and adrenal glands, and
kidneys were submitted for histological evaluation. Effects were minimal
and not clearly attributable to perchlorate exposure with the exception of histopathology and hormone results. The F0 and F1 adults from
the 1000 and 1500 mg/L dose groups exhibited thyroid gland lesions
(thyroid gland follicular cell hypertrophy, follicular cell hyperplasia,
and decreased colloid) and decreases in T3 and T4. An absence of these
effects in the F2 generation suggests that these perchlorate induced
effects may be reversible. Further, they also indicate that continuation
of the exposures through to the F2 generation does not always improve
understanding of a chemical’s potential as an endocrine disrupting
chemical beyond what would be gained from the F1 generation only.
MP040 Reproductive, immune, and neuromuscular effects of insensitive munitions in Japanese quail (Coturnix japnonica)
A. Jackovitz, US Army Public Health Command / Toxicology; T.L. Hanna,
US Army Public Health Command / Toxicity Evaluation Program; M.S.
Johnson, US Army Public Health Command; M.J. Quinn Jr, US Army Public
Health Command / Health Effects Research Program
3-nitro-1,2,4-triazol-5-one (NTO) is being investigated as a less sensitive replacement for traditional explosives such as TNT and RDX. As
a potential component of a new munitions formulation, NTO must not
only meet certain performance criteria, but must be acceptable from the
perspective of human health and the environment. After extensive work
with NTO in rats demonstrating male reproductive effects, we sought
to investigate whether effects are conserved among species. Using an
extended one-generation reproductive toxicity test paradigm, Japanese
quail (Coturnix japonica) were exposed to NTO at 0, 20, 100, 500, and
1000 mg/kg. After five days of treatment, birds from the high dose
group started displaying neuromuscular signs. Birds alternated between
prostrate inactivity on the floor of the cage to active wing thrashing
suggestive of ballistic or chorea form behavior. By day 17, birds from the
medium-high dose group had begun exhibiting signs, as well. Ultimately,
the 1000 and 500 mg/kg dose groups were eliminated; the birds from
the 0, 20, and 100 mg/kg dose groups were used for assessment of
reproductive and immune function and to produce the F1 generation.
Reproductive measures such as onset to reproductive maturity, copulatory behavior, egg production, fertility, eggshell strength and thickness,
and sperm concentration and motility were assessed in adults.
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MP041 Exposure of passerine resident birds to toxic elements deposited with historical and actual mining residues in North of Mexico
K. Monzalvo, Univ Autonoma de San Luis Potosí / Facultad de Ciencias
Quimicas; M. Alfaro-De la Torre, Univ Autonoma de San Luis Potosí
/ Faculty of Chemistry; L. Chapa, Instituto Potosino de Investigacion
Cientifica y Tecnologica / Division of Environmental Sciences; G. Castro
Larragoitia, Univ Autónoma de San Luis Potosí (UASLP) / Facultad de
Ingeniería
Mining in Northern Mexico is an important economic activity.
However, it is also one of the activities negatively affecting the environment through the emission of residues with toxic substances and the soil
degradation. Birds are susceptible to pollutants resulting from mining. In
Mexico, however, effects on birds have been barely studied. Bird feathers
allow evaluating the presence of metals in non-invasive manners and
with great accuracy. Therefore, the current study analyzed Arsenic and
Lead concentrations in feathers obtained from three passerine resident
bird species (Toxostoma curvirostre, Campilorhynchus brunneicapillus and
Melozone fusca) from sites with historical or actual mining production.
These organisms were compared with individuals inhabiting sites located
away from the mining complexes. We also assessed the correlation of As
and Pb concentrations in superficial soil samples with values obtained
from feathers. The results show that concentrations were significantly
greater in soil samples from mining sites (200.8 µg Pb/g, 44,6 µg As/g)
and for Pb in feathers (4,4 µg Pb/g). Regarding As in feathers, no
significant differences among sites were recorded. Significant differences in metal concentrations among species were also not recorded. This
study may serve as a basis for future toxicological investigations focusing
on metals, which intend to understand the impact of mining on bird
populations.
MP042 Mercury in Forage Fish from Mexico and Central America:
Implications for Fish-Eating Birds
J.E. Elliott, Environment Canada / Science Technology Branch; K. Elliott,
McGill Univ; D. Kirk, Aquila Conservation & Environment Consulting; S.
Lee, Environment Canada / Science Technology; E. Ruelas Inzunza, Univ
Veracruzana
Mercury (Hg) is a global contaminant of aquatic food chains. Aquatic
birds such as the osprey (Pandion haliaetus), with migratory populations
breeding in Canada and the northern United States and wintering in
the Central and South America, can be exposed to mercury on both the
breedinand non-breeding areas. We examined Hg levels in 14 fish taxa
from 24 osprey wintering sites identified from satellite telemetry. Our
main goal was to determine whether fish species that feature in the diet
of overwintering and other fish-eating birds reached toxicity thresholds
for Hg. Mean Hg levels in whole fish ranged from 0.18 µg g-1 (wet
weight) in Scomberomus sierra to a low of 0.009 µg g-1 in Catostomidae.
Mean Hg levels (converted to wet weight) exceeded a conservative toxicity threshold range (0.1-0.18 µg g-1) for four (28.6%) taxa (Scomberomus
sierra, Centropomus spp., Brycon guatemalensis, Centropomus paralellus),
while the threshold was within one standard deviation for Ariopsis felis.
Except for one site in Nicaragua, none of the Central American sites
had Hg levels which exceeded the thresholds, whereas average Hg levels
were within the toxicity threshold range for two sites in Mexico (Puerto
Vallarta and San Blas Estuary), or within one standard deviation for
five (21%) sites (Arenal Lake, Laguna Alvarado, Minatitlan, Puerto
Morazan Estuary, and Tecuala Market). Non-metric multidimensional
scaling (nMDS) revealed geographical differences in Hg levels with
significant pairwise differences between sites at along the Pacific Ocean
(Mexico) versus the Bay of Campeche, partly due to differences in species composition of sampled fish (and species distributions). Using an
information theoretic modeling approach, we found no significant effect
of stable isotopes (δ13C and δ15N) on mercury levels in fish after controlling for species. Our results provide useful new information on global
contamination by mercury.
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MP043 A metaanalysis of bird species to determine if migration distance predicts species sensitivity to dioxin-like compounds
K. Bianchini, Univ of Saskatchewan - Toxicology Centre / Toxicology; C.A.
Morrissey, Univ of Saskatchewan / Biology
Although migration is a phenomenon that spans the animal kingdom,
many long-distance migrant species are currently in steeper decline
relative to non-migrant species. Environmental contamination by industrial pollutants has been identified as an important factor potentially
contributing to the decline of long-distance migrants. Here we asked
whether long-distance migrants are more sensitive to industrial pollutants compared to resident species. Previous studies by other researchers
(Farmahin et al. 2013) recently established that differences in avian
dioxin sensitivity are related to the identity of two amino acid sequences
within the ligand-binding domain (LBD) of the aryl hydrocarbon receptor 1 (AhR1), a receptor responsible for mediating most of the known
biochemical and toxic effects of a majority of organic contaminants.
We hypothesized that species sensitivity to dioxin-like compounds
increases with migration distance. We investigated this by performing
a meta-analysis using the TCDD-EC50 of 86 bird species reported in
Farmahin et al. (2013); we compared species sensitivity to twenty life
history features, including breeding, foraging, and migration characteristics. Preliminary analyses suggest that avian dioxin sensitivity increases
with body size-corrected migration distance. These findings provide an
important advancement in our knowledge of potential causes of widespread population declines in many long distance migratory bird species.
It also has the implications for directing future research to examine this
phenomenon through detailed field and lab studies.
MP044 Identity of key amino acids in the avian AHR1 ligand-binding domain predicts the in vivo sensitivity of European starlings to
dioxin-like compounds
M.L. Eng, T. Williams, Simon Fraser Univ; K.G. Drouillard, Univ of
Windsor / Great Lakes Inst for Environmental Research; S. Kennedy,
Environment Canada; J.E. Elliott, Environment Canada / Science
Technology Branch
Avian species differ in their sensitivity of to the embyrotoxic effects
of dioxin-like compounds (DLCs), and this variability in sensitivity is predicted by the amino acid identity at two key sites within the
ligand binding domain of the aryl hydrocarbon receptor 1 (AHR1).
The domestic chicken (Gallus gallus domesticus) has been established as a
highly sensitive (type 1) species to the toxic effects of DLCs. However,
until relatively recently there was no evidence of non-domesticated avian
species that were as sensitive as the chicken to DLCs. Recent results
from genotyping and in vitro assays predict that the European starling
(Sturnus vulgaris) is also highly sensitive to DLC toxicity. Following
these predictions, we previously verified in vivo that free-living European
starlings are highly sensitive to a dioxin-like PCB (3,3’,4,4’,5-pentachlorobiphenyl; PCB-126). The objectives of the present study were to
further test the sensitivity of starlings to DLCs in vivo using 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD), and to quantify the relative potency
(ReP) of PCB-126 to TCDD in a highly sensitive avian species other
than the chicken. To do this, we used egg injections in field nesting
starlings. Eggs were dosed with either the vehicle control or one of four
doses (0.2, 0.8, 1.6, 2.0 ng TCDD/g egg). Eggs were incubated by parents until pipping, and then placed on an incubator to monitor hatching.
Hatching success in vehicle-injected eggs was equivalent to unmanipulated starling eggs (95%). There was a dose-dependent increase in embryo
mortality, and the LD50 (95% CI) was 1.25 (1.00-1.47) ng/g, which falls
between published values reported for the chicken (0.1 to 0.3 ng/g) and
for moderately sensitive (type 2) species (1.2 to 4.8 ng/g). The starling
has a steeper dose response (lower LD80) compared to moderately
sensitive species, which supports the genotype-based prediction that it
is a relatively highly sensitive species. The observed embryotoxicity ReP
for PCB126 to TCDD is 0.22 in the starling. The differences between
chicken and starling LD50s could be due to factors beyond AHR
genotype, such as species differences in the metabolism and processing of

DLCs. Both the PCB-126 and TCDD egg injection results demonstrate
that the European starling is the first non-domesticated avian species
identified as highly sensitive to DLCs in vivo.
MP045 Halogenated organic compounds identified in California
Peregrine Falcons (Falco peregrinus) by nontargeted analysis
E. Hoh, San Diego State Univ / Graduate School of Public Health; J. Park,
California EPA / California Dept of Toxic Substances Control; N. Dodder,
SCCWRP; A. Holden, K. Hooper, California EPA
Peregrine falcons are high trophic-level bird-eating raptors, consuming prey from both the aquatic and terrestrial environments. Therefore,
peregrine falcons are a useful sentinel species for environmental surveys
of persistent and bioaccumulative organic contaminants. In the 1960s,
peregrines suffered from reproductive failure due to egg shell thinning
caused by high DDT levels. A recent study, Park et al. 2009, measured
PCBs and PBDEs in peregrine falcon eggs collected in California during
1986 to2007. During this period, PBDE levels tripled each decade, while
PCB levels showed no change. PBDE patterns were different depending
on the peregrines’ habitat (coastal vs. inland). These results suggested
that other halogenated organic contaminants should also accumulate
in the eggs. Therefore, in this study we selected 6 egg samples collected
from the same nest (assuming the same pair of peregrines) from under
the Oakland Bay Bridge, California, during 1988, 1989, 1990, 1991,
1999, and 2007. Three other eggs were collected from rural areas. We
conducted nontargeted analysis based on comprehensive two-dimensional gas chromatography coupled to time-of-flight mass spectrometry
(GC×GC/TOF-MS). Several classes of halogenated organic compounds
were identified. These included legacy pollutants such as DDT and
chlordane, but also related compounds (degradation products and impurity) and naturally occurring compounds that are not typically monitored
in environmental surveys. The goals are to 1) identify halogenated
organic compounds other than PCBs and PBDEs in the eggs; 2) classify
contaminant sources (anthropogenic vs. natural); and 3) rank halogenated organic compounds by frequency and abundance. The ultimate
goal is to provide a prioritized list of halogenated organic compounds for
further quantification in a larger group of egg samples (n=90) to examine
temporal and spatial trends.
MP046 Modeling avian vitellogenesis: Linking sublethal effects of
contaminants to adverse reproductive outcomes in birds
B.M. Armstrong, C.A. Murphy, Michigan State Univ / Fisheries and
Wildlife; N. Basu, McGill Univ / Dept of Environmental Health Sciences; J.
Head, McGill Univ / Natural Resource Sciences; K. Mittal, McGill Univ /
Dept of Natural Resource Sciences; A. Arini, McGill Univ / Dept of Natural
ressources science; K. Chopra, Michigan State Univ
Environmental contaminants can cause adverse reproductive effects
in vertebrates through the disruption of the hypothalamic-pituitarygonadal (HPG) axis. One end product of the HPG hormonal cascade
is vitellogenin, an egg yolk precursor protein. To date, most studies
assessing the effects of environmental contaminants on vitellogenesis
have focused on fish and several fish models have been developed to
quantify these effects; there has been little focus on the disruption of
avian vitellogenesis following environmental contaminant exposure.
Therefore, we used a fish model as a starting point to construct an avian
vitellogenesis model. Our model simulates the production of vitellogenin in a female bird through biochemical reactions downstream of the
hypothalamic releasing hormones within the HPG. In our approach,
we integrated results from in vitro bioassays into the model to predict
adverse reproductive outcomes at the level of the individual. Our model
results indicate that exposure to environmental contaminants can cause
adverse reproductive effects through disruption of vitellogenin production in birds.
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MP047 Climate correlates and implications for organochlorine contaminants in the Michigan Great Lakes, USA, from 1999 to 2014
L. Fuentes, H.T. Pittman, K.L. Simon, Univ of Maryland / Dept of
Environmental Science and Technology; A.S. Roe, Clemson Univ; T.G.
Grubb, US Forest Service / Rocky Mountain Research Station; W.W.
Bowerman, Univ of Maryland / Dept of Environmental Science and
Technology
Legacy contaminants continue to have an effect on the Michigan’s
aquatic environment. We examined spatial and temporal trends, and
possible environmental correlates of organochlorine (OC) pesticides
and sum polychlorinated biphenyls (PCB). We collected blood samples
from bald eagle nestlings throughout Michigan from 1999-2014. We
performed an extraction and cleanup of plasma using the solid-phase
micro-extraction procedure for OC compounds of which 23 OC pesticides and 22 PCB congeners were quantified. We assigned all plasma
samples (n=794) collected under the stratified sampling design from 1999
to 2014 to three spatial scales. Next, we calculated the geometric mean of
the concentrations at our three spatial scales. We also describe temporal
trends in the annual geometric mean concentrations using linear models
with the annual geometric mean concentration as the response and time
as the predictor. We also report the back-transformed annual mean
concentrations at spatial scale categories where those mean concentrations exceed previously established NOAELs. We also determined
the relationship of log-transformed contaminant concentrations with
environmental variables using a Pearson’s correlation coefficient. Our
environmental variables were collected from NOAA weather stations
across Michigan from 1998 to 2014, and we summarized these data
annually across three broad spatial scales. We determined that of 794
nestling plasma samples, 109 had no detectable concentrations of al 22
PCB congeners. PCB concentrations in all nestling plasma samples
ranged from non-detects to 498 ug/kg. We also determined out of 23
OC pesticides and metabolites only the 4,4’-DDE metabolite of DDT
had detectable concentrations (n=749) in at least 50% of all of our nestling samples. 4,4’-DDE concentrations in all nestling plasma samples
ranged from non-detects to 257 ug/kg. We documented annual geometric mean concentrations of PCBs greater than the NOAEL from samples
collected along the Great Lakes shorelines and Anadromous rivers. 4,4’DDE concentrations exceeded NOAEL values from samples taken along
Great Lakes shorelines, Anadromous rivers, and inland. Regionally, we
found significant decreases in annual geometric mean PCB concentrations in samples along lakes Erie and Michigan, and 4,4’-DDT in Lake
Michigan. Environmental variables associated with rain, snowfall, and
temperature were heavily tied to contaminant levels, particularly PCBs.
MP048 Relative Sensitivity of Passerines to PCBs: Characterizing
Species-Specific Suites of Developmental Endpoints
D. Henshel, Indiana Univ / Public and Environmental Affairs; D.W.
Sparks, US Fish and Wildlife Service
Polychlorinated biphenyls (PCBs) are relatively ubiquitous environmental contaminants used and released (and then weathered) as a mixture of
up to 209 individual congeners with differing numbers and patterns of
chlorine substitutions. The chlorination pattern and resultant molecular
structure determine the pattern of toxicological effects of the individual
congeners in any mixture. Different congeners, and thus mixtures of
PCBs may cause toxicological effects which can include: a wide variety of changes in structure, function, biochemistry, molecular controls
and behavior across most of the organs in the body, including (but not
limited to) liver, kidney, heart, brain, endocrine organs, immunityrelated organs, and the skeleton. It has become clear that understanding
the toxicological reverberations of PCBs and related chemicals cannot
be understood or easily summarized by a few chosen, favorite endpoints,
such as EROD or other liver metabolic enzyme induction. Confounding
this problem, different species are differentially sensitive to different
effects of PCBs, yet due to limitations in time, money, and knowledge,
a few species are repeatedly used to represent a wide variety of other
species in risk-related evaluations of ecosystems. Given the broad array of
potential toxicological mechanisms and responses which can be used to
assess PCB impacts on exposed organisms, the question becomes which
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endpoints are the most useful to use when assessing environmentally
exposed species. In this cross-species comparison, we evaluate multiple suites of endpoint responses to total PCBs and to individual PCB
congeners across five passerine species (American bluebird, Carolina
chickadee, House wren, Red winged blackbird, and Tree swallow)
exposed environmentally to industrially released PCBs. The suites of
endpoints evaluated include organ somatic indices, teratogenic changes
in the heart and brain, skeletal bone growth, and skeletal and brain
asymmetry. Using cluster and principal component analysis to determine
the relevant suites of endpoints for each species, we identify the most
sensitive effects for each species, characterize the types of mechanisms of
actions underlying these effects in each species, and determine the model
equation that characterizes the statistically significant suites of effects for
each species using the combined factor weightings.
MP049 Organohalogen Contaminants and Metabolites and Thyroid
Hormone and Retinol in Snapping Turtles (Chelydra serpentina) From
Laurentian Great Lakes Sites
R.J. Letcher, Environment Canada / Ecotoxicology and Wildlife
Health Division; Z. Lu, Univ of Winnipeg / Richardson College for the
Environment; V. Palace, Stantec Consultants Ltd.; K.J. Fernie, S. de Solla,
Environment Canada / Ecotoxicology and Wildlife Health Division
The metabolites of polychlorinated biphenyls (PCBs) and polybrominated
diphenyl ether (PBDE) flame retardants, as well as other halogenated
phenolic contaminants (HPCs) are being reported with increasing
frequency in the blood of wildlife, and mainly in mammals and birds.
However, little is known about the distribution of these contaminants
in long-lived freshwater reptiles. In the present study, in addition to
a suite of chlorinated and brominated contaminants, we assessed and
compared hydroxylated- (OH-) PCBs and OH-PBDEs relative to PCBs
and PBDEs, respectively, in the plasma of adult male common snapping turtles (Chelydra serpentina). Blood samples were collected from 62
snapping turtles (2001-2004) at 11 wetland sites between the Detroit
River and the St. Lawrence River on the Canadian side of the Laurentian
Great Lakes. Turtles were sampled either from sites designated as Areas
of Concern (AOCs) or from a relatively clean reference site in southern
Georgian Bay (Tiny Marsh). For Sum46PCB (10 to 340 ng/g wet weight
(ww)) and Sum28OH-PCB (3 to 83 ng/g ww) concentrations among
sites, significantly higher (p < 0.05) concentrations were found in turtles
from the Turkey Creek and Muddy Creek-Wheatley Harbor AOC
sites in Lake Erie compared with the reference site. Pentachlorophenol
concentrations averaged 9.6 ± 1.1 ng/g ww. Of the twenty-eight OH-CB
congeners screened for, 4-OH-CB187 (42 ± 7 ng/g ww) had the highest mean concentration compared to all other HPCs. Of the fourteen
OH-BDE congeners examined, four (4’-OH-BDE17, 3-OH-BDE47,
5-OH-BDE47 and 4’-OH-BDE49) were consistently found in all
plasma samples. p,p’-DDT was the most concentrated of the eighteen
organochlorine pesticides (OCPs). Circulating total thyroxine (TT4),
dehydroretinol and retinol in snapping turtles (regardless of site) averaged
5.4 ± 0.3, 81± 4.7 and 291± 13 ng/mL, respectively. Significant (p < 0.05)
correlations between some of the target environmental contaminants
and TT4, dehydroretinol or retinol were observed. To our knowledge,
we report for the first time on HPC (e.g., OH-PCBs) and MeSO2-PCB
contaminants in the plasma of any freshwater turtle or freshwater reptilian species. Our findings also show that the accumulation of OH-PCBs,
MeSO2-PCBs, OH-PBDEs and some OCPs in the snapping turtles
from Lake Erie and Lake Ontario (in 2001-2004) had the potential for
endocrine disruption effects.
MP050 Omics approach of proteomic and metabolomic analysis for
PCBs toxicity in the dog brain
K. Takaguchi, K. Nomiyama, C.M. Lauan, J. Yoo, Ehime Univ / Center
for Marine Environmental Studies CMES; H. Mizukawa, Hokkaido Univ
/ Environmental Veterinary Sciences; H. Iwata, T. Kunisue, S. Tanabe,
Ehime Univ / Center for Marine Environmental Studies
Recent studies reported that polychlorinated biphenyls (PCBs) and their
hydroxylated metabolites (OH-PCBs) affect the brain nervous system.
Dogs are known to have high metabolic capacity toward PCBs and
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thus may accumulate more OH-PCBs in their brain and are potentially
at high risk from these compounds. However, there are few studies on
the adverse effects of PCBs and OH-PCBs in the brain. The present
study performed proteomic and metabolomic analysis of dog (Canis
lupus familiaris) brain following PCB exposure. Adult (5-7 months old)
male beagle dogs were divided into 3 groups (n=3 each): G1 treated with
vehicle control, G2 with PCBs (a mixture of 12 congeners: IUPAC No.
18, 28, 70, 77, 99, 101, 118, 138, 153, 180, 187, and 202), and G3 with
the same PCBs mixture after treatment with phenobarbital, a CYP2B
inducer. The administration test was performed according to the guideline approved by The Institutional Animal Care and Use Committee.
After 5 days of administration of PCBs, all dogs were euthanized and
brain samples were collected. The range of PCB levels for G1, G2 and
G3 were 0.011-0.017, 130-180 and 29-210 ng/g wet wt., respectively.
The OH-PCB levels of G1, G2 and G3 were 0.003-0.008, 16-31 and
9.7-32 ng/g wet wt., respectively. In two-dimensional gel electrophoresis, we found 26 spots to be significantly different between G1 and G2,
and identified six proteins from nine spots by MALDI-TOF/TOF-MS.
The five up-regulated spots were tubulins alpha and beta. These proteins
are the major constituents of microtubules and have important role for
the formation of nerve axon. It was found that guanosine triphosphate
(GTP) to significantly decreased following PCB exposure in metabolomic analysis. These results suggest that PCBs induced axon degeneration
and the tubulins bound GTP to form microtubules. One down-regulated
protein was Glutathione S-transferase Mu (GST) which conjugates
reduced glutathione (GSH) to a wide number of exogenous and endogenous hydrophobic electrophiles. Several spots significantly decreased
were identified as long-chain-fatty- acid-CoA ligase and ubiquinone
cytochrome b small subunit, and these were related to ATP production.
In addition, it had suggested that glycolytic system was suppressed by
PCBs in metabolomics. Therefore, it is possible that GST decreased due
to inhibition of ATP production. This study may imply some adverse
effects of PCB exposure in the dog brain.
MP051 Toxicological assessment of polychlorinated biphenyls
(PCBs) and hydroxylated PCBs (OH-PCBs) in the brain of dogs using
metabolomics approach
K. Nomiyama, Ehime Univ / Center for Marine Environmental Studies
CMES; A. Eguchi, Chiba Univ / Clinical Cell Biology and Medicine; H.
Mizukawa, Hokkaido Univ / Graduate School of Veterinary Medicine; J.
Yoo, K. Takaguchi, Y. Yamamoto, T. Oshihoi, H. Iwata, T. Kunisue, S.
Tanabe, Ehime Univ / Center for Marine Environmental Studies CMES
Polychlorinated biphenyls (PCBs) are ubiquitous in the environment,
and cause a broad spectrum of adverse effects in animals. Exposure
to PCBs induces some of xenobiotic metabolizing enzymes including
cytochrome P450s (CYPs), and induced CYPs metabolize PCBs to
OH-PCBs in a congener specific manner. Especially, dogs exhibited
high metabolic capacity toward PCBs, they may be at a high risk from
these metabolites. Recent studies reported that OH-PCBs could affect
the brain nervous system. However, there are few studies on the levels
and adverse effects of PCBs and OH-PCBs in the brain of terrestrial
mammals. In this study, we performed metabolomic analysis of dog
(Canis lupus familiaris) brain following PCB exposure. Adult (5-7 months
old) male beagle dogs were divided into 3 groups (n=3 per group): G1
treated with vehicle control, G2 treated with PCBs (mixture of 12
PCB congeners; 18, 28, 70, 77, 99, 101, 118, 138, 153, 180, 187, and
202) and G3 treated with the some PCBs mixture after treatment with
phenobarbital, a CYP2B inducer. After 5 days of the administration of
chemicals, all dogs were euthanized and brain samples were collected.
The administration test was performed at Korea Institute of Toxicology,
Daejeon, Korea, according to the guideline approved by The Institutional
Animal Care and Use Committee. Concentrations of PCBs in the dog
brain were G1: 0.011-0.017, G2: 130-180 and G3: 29-210 ng/g wet wt.,
respectively. The OH-PCB levels were G1: 0.003-0.008, G2: 16-31 and
G3: 9.7-32 ng/g wet wt., respectively. We analysed polar metabolomics
profiling using CE-TOFMS that covers all major metabolic pathways.
The OPLS analyses found 33 metabolomes (4 up and 29 down regulates)
to be significantly different between G1 and G2, and 23 metabolomes

(11 up and 12 down regulates) between G1 and G3. The OH-PCBs
in the brain were associated with the urea cycle (e.g., urea, citrulline,
ornithine, guanidoacetic acid, uric acid and N-acetylglutamic acid),
glycolytic system with ATP biosynthesis (e.g., GTP, ADP and GSH),
and amino-acid metabolism. These findings, combined with the toxicity,
suggested that OH-PCBs causes disruption of oxidative phosphorylation (OXPHOS) in the brain cell. Results suggested that this compound
is a potent uncoupler of OXPHOS and is an inhibitor of complex II of
the electron transport chain. This study provides the first evidence of
the in vivo toxicity and an important potential mechanism of toxicity of
OH-PCBs in the brain.
MP052 Metabolism and biotransformation of organohalogen compounds in the liver microsomes of cats and dogs
H. Mizukawa, Hokkaido Univ / Environmental Veterinary Sciences;
K. Nomiyama, Ehime Univ / Center for Marine Environmental Studies
CMES; N. Yokoyama, O. Ichii, M. Takiguchi, Y. Ikenaka, S.M. Nakayama,
M. Maehara, Hokkaido Univ / Graduate School of Veterinary Medicine;
S. Tanabe, Ehime Univ / Center for Marine Environmental Studies; M.
Ishizuka, Hokkaido Univ / Graduate School of Veterinary Medicine
The present study was conducted to identify and quantify the metabolites of polychlorinated biphenyls (PCBs) in liver microsomes of cats
and dogs. Our previous study showed that tri- and penta-chlorinated
OH-PCB congeners were predominant in the cat blood. On the other
hand, hexa- through octa-chlorinated OH-PCBs has been found in the
dog blood. Then it was conducted to identify and quantify metabolites
of polychlorinated biphenyls (PCBs) in liver microsomes of cats and
dogs. Following the treatment of the microsomes with a mixture of 64
PCB congeners, the microsomes were incubated, and derived hydroxylated PCBs were analyzed by gas chromatography-mass spectrometer.
The chemical analysis showed higher levels of 3-4Cl OH-PCBs in
the cat liver microsomes. These OH-PCBs may be products of PCBs
with hydrogens at adjacent ortho- and meta- positions of biphenyl
rings, suggesting the catalytic reaction CYP1A enzymes for the PCB
metabolisms. Biotransformation rates from anticipated precursor PCBs
to identified OH-PCB metabolites were estimated to be a few percentages (0.23-1.2 %). However, decrease rates of precursor PCBs (0.80-54
%) were higher than biotransformation rates as identified above. This
suggests that PCBs are degraded not only to identified OH-PCBs but
also to other unexpected products such as conjugate compounds, dihydroxylated and/or dechlorinated congeners. Tri- to hepta-chlorinated
OH-PCBs were detected in the hepatic microsomes of dogs. This result
was in contrast with previous findings showing that these OH-PCBs
were not found in the dog blood, suggesting that lower chlorinated
OH-PCBs were easily eliminated through the phase II conjugation
reaction. We also conducted the analytical method development of glucuronate conjugation for OH-PCBs using LC-MS/MS. The prospective
glucuronidation compounds for PCBs was found. In future studies, we
need to investigate the metabolic capacities to halogenated compounds
including phase II conjugation reactions, and assess the toxicological risk
posed by these hydroxylated metabolites.

Difficult Substances – Methods and
Approaches for Risk Assessment
MP053 Evaluation of Leachate from Tire and Road Wear Particles
(TRWP) Upflow Percolation Column Tests
K.M. Unice, J. Bare, Cardno ChemRisk; M. Kreider, Cardno ChemRisk /
Toxicology; J.M. Panko, Cardno ChemRisk
Domestic and international regulatory agencies are increasingly evaluating the life cycle of consumer products as part of chemical risk and safety
assessments. Automobile tires are global commodities comprised of a
complex mixture of functional chemicals that can change in composition and content throughout the product life cycle. Tire and road wear
particles (TRWP) are formed by road-tire interactions during the service
life a tire. Functional chemicals and their transformation products have
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the potential to become environmentally available from deposition of
TRWP in sediment or soil. Known concentrations of three functional
tire chemicals (N-cyclohexylbenzothiazole-2-sulfenamide (CBS),
N-(1,3-dimethylbutyl)-N’-phenyl-1,4-phenylenediamine (6-PPD) and
1,3-diphenylguanidine (DPG)) were used in the formulation of representative test tires. TRWP were generated from the formulated tires using
a road simulator, and a portion of the TRWP were artificially aged (0.1,
0.8, 1.6, and 3.3 years). TRWP eluate was generated by upflow column
percolation tests following ISO Method 21268-3. The concentrations of
these parent compounds and their transformation products were quantified at four cumulative liquid to solid (L/S) ratios ranging from 1 to 10.
At least one chemical was detected within the parent and transformation
product groupings for each TRWP age except for 6-PPD in 3.3 year
TRWP eluate. Overall, the cumulative fraction of mass leached from
TRWP decreased as TRWP age increased for each parent and transformation product grouping. The fraction of chemicals leached from the
formulated test tire for all TRWP ages was highest for DPG and DPG
transformation products, followed by CBS and 6-PPD. The cumulative fractions leached after L/S 10 ranged from 5.5×10-6 (6-PPD, 1.6
year TRWP) to 0.10 (DPG, fresh TRWP). Leaching fraction profiles
for each parent and transformation product group were fit to first-order
exponential models to estimate the cumulative fractions leached at L/S
ratios greater than 10. At L/S ratios 50 and 100, the cumulative fractions
leached were no greater than 0.10 (DPG, fresh TRWP), suggesting
that the mass leached from TRWP is not expected to increase appreciably after an L/S ratio of 10. The present study estimated the potential
environmentally available fraction of functional chemicals used in the
formulation of tires and can be extrapolated to evaluate tire chemicals of
similar function and physico-chemical properties.
MP054 Studying sorptive interactions of surfactants on different
hydrophobic phases using reversed-phase HPLC
J. Hammer, J. Haftka, J. Hermens, Utrecht Univ / Inst for Risk Assessment
Sciences; P. de Voogt, Univ of Amsterdam / IBED
Anionic and nonionic surfactants are large-scale produced chemicals
which can be found in many consumer products and consequently also in
the environment as organic contaminants. Therefore, it is important to
understand the fate and pathways of these compounds. Sorption to soil
or bioaccumulation into organisms of these surfactants is mostly driven
by the hydrophobicity of the individual compounds. Octanol-water
partition coefficients (Kow) are used in QSAR studies as a measure for
hydrophobicity and are considered a key parameter in the prediction
of the environmental fate and exposure of neutral organic compounds.
However, Kow cannot predict environmental behavior of ionized
compounds such as surfactants because of the often more specific interactions of ionized compounds with environmental matrices. Also the
experimental determination of Kow is problematic because surfactants
may cause emulsification of both water and octanol phases. Alternative
approaches that quantify and predict the environmental behavior of
surfactants are therefore required. Our research is focused on developing
and testing new approaches and new parameters that can be applied in
predictive models for sorption and accumulation of different surfactant
classes. In this specific study, capacity factors (k’) of several anionic and
nonionic surfactants were determined for different stationary phases
(C18, HILIC, anion-exchange columns) with reversed-phase HPLC.
The experiments were conducted at different modifier strengths of the
mobile phase. The resulting capacity factors versus modifier strength data
was extrapolated to obtain a capacity factor at 100% water (k’0). These
capacity factors can serve as indicators of the individual interactions
between surfactants and environmental matrices. For a C18 column, values of log k’0 increased linearly with the number of CH2 or CF2 units in
the carbon chain. Sorption affinity to C18 was dependent on perfluorinated or aliphatic carbon chain length, the charge of the head-group and
number of carbon atoms present in the head-group. Furthermore, a good
relationship was found between log k’0 values and both toxicity (EC50)
and bioconcentration (BCF) values.
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MP055 Strategies to reduce the number of fish used in aquatic toxicity
tests
G. Stoddart, PETA International Science Consortium Ltd.; M. Halder,
European Commission Joint Research Centre / DG Joint Research Centre
IHCP EURL ECVAM; K. Sullivan, Physicians Committee for Responsible
Medicine; P. Bishop, People for the Ethical Treatment of Animals /
Regulatory Testing Dept
In 2011, nearly 180,000 fish were used for toxicological and other safety
assessments in Europe, and this number is likely to rise in advance of
the 2018 REACH deadline. As few alternative methods are available
to assess the aquatic toxicity of chemicals, strategies that reduce the
number of animals required are urgently needed. In aquatic toxicity
tests, a test substance is usually added to the tank water. To overcome
practical issues associated with testing poorly soluble substances, a
small volume of solvent is often used. As the solvent can influence the
outcome of the study, two controls – one in the presence and one in the
absence of solvent – are currently required. Using two controls doubles
the number of control animals and has ethical and animal welfare issues.
Eliminating the second control will reduce the number of fish required
per test by approximately 14% to 25% when solvents are used. In April
2015 the Organisation for Economic Cooperation and Development
(OECD) test guideline programme began to investigate reducing the
number of fish used in aquatic toxicity tests by 1) reducing the occasions
when solvents are required and, 2) investigating the feasibility of using
one control when solvents are used. OECD Guidance Document 23
on Aquatic Toxicity Testing of Difficult Substances and Mixtures was
published in 2000 and, since then, there has been significant progress
in the methods available to test difficult-to-test substances. GD 23 will
be updated to include recent advances in methods that do not require
solvents (for example, passive dosing). This update is expected to reduce
the number of tests requiring solvents. A retrospective review of existing
data generated according OECD test guidelines in the presence and
absence of solvents will be conducted to determine if, when solvents are
required, using only one control would impact the outcome of the study
(e.g., by altering the No Observed Effects Limits, effective concentrations, LD50, etc.). The presentation will describe progress to date
including a description of methods for testing difficult-to-test substances
in the absence of solvents and a description of the database that is being
constructed to support the use of only one control when solvents are
required. * The views, conclusions and recommendations are those of the
authors and do not necessarily represent the policies or positions of the
European Commission.
MP056 Evaluation of Alternative Approaches for Measuring n-Octanol/Water Partition Coefficients for Methodologically Challenging
Chemicals (MCCs)
L.P. Burkhard, USEPA / ORD NHEERL Mid-Continent Ecology
Division; D.J. Hoff, USEPA / ORD / ORD NHEERL Mid-Continent
Ecology Division; T. Lahren, D.R. Mount, A. Squillace, USEPA / ORD
NHEERL Mid-Continent Ecology Division
Measurements of n-octanol/water partition coefficients (KOW) for
highly hydrophobic chemicals, i.e., greater than 108, are extremely
difficult and are rarely made, in part because the vanishingly small concentrations in the water phase require extraordinary analytical sensitivity
and/or equilibration of very large volumes of water. We are evaluating
the efficacy of four alternative approaches to estimate KOW designed
to circumvent these problems. One alternative involves measuring
n-alcohol/water partition coefficients for a series of shorter-chain, more
water-soluble n-alcohols (n-butanol, n-pentanol, n-hexanol, n-heptanol),
then extrapolating to the n-octanol/water partition coefficient The
increased water solubility of these alcohols is predicted to lower the partition coefficient and increase the amount of chemical in the water phase
at equilibrium, thereby reducing the sensitivity/sample size needed for
analysis of the aqueous phase. The second approach involves developing a
correlative relationship between Kbutanol/water and KOW over chemicals with a range of KOW, then extrapolating KOW from Kbutanol/
water for chemicals with very high KOW. A third approach is to develop
a correlative relationship between KOW and aqueous solubility, wherein
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aqueous solubilities are measured using a scaled up generator-column
technique to generate large volume samples. The fourth approach scales
up the generator-column KOW measurement technique to much larger
volumes, i.e., bigger columns and high flow rates, and thus, enabling
direct measurement of the chemical’s KOW. The likely efficacy of these
alternatives based on initial experimentation is discussed. This abstract
does not necessarily reflect USEPA policy.

Groundwater-to-Surface Water Interface
Investigation for Sediment Characterization
and Ecological Risk Assessment
MP057 Characterizing Groundwater Discharge and Contaminant
Mass Flux to a Tidal Marine Creek
J. Frederick, Louis Berger, Inc.; S. McDonald, Louis Berger Group, Inc.; C.
Prabhu, Louis Berger, Inc.; B. Chadwick, Coastal Monitoring Associates; E.
Mahoney, New York City Dept of Environmental Protection
Newtown Creek is a 3.8-mile-long, and approximately 200-foot wide
extension of the New York – New Jersey Harbor Estuary located in New
York City and creates the border between the Borough of Brooklyn to
the south and the Borough of Queens to the north. The creek has been
the site of a broad range of historical industrial activities with associated
historical releases to the Creek environment, including widespread contamination of upland areas. In 2010 the creek was listed on the National
Priorities List, and is currently being investigated under the Remedial
Investigation/Feasibility Study (RI/FS) process. Investigation of groundwater-sediment-surface water interactions is an important part of the RI/
FS, given the extent of upland groundwater contamination and the potential for groundwater to mobilize contamination in the Creek’s sediment
bed. A number of screening technologies were employed to assess the
nature and extent of groundwater discharge to the Creek. Direct seepage
rate measurements were ultimately collected using the UltraSeep (Paulsen
et al., 2001; Chadwick et al., 2003) at 57 locations during the summer of
2014. In addition, an in-creek groundwater investigation program was
conducted to collect discrete interval groundwater and porewater chemistry samples, vertical and horizontal head distribution measurements,
and to qualitatively log the index of hydraulic conductivity in the soft
sediments and the underlying native material. The UltraSeep data showed
that groundwater discharge was widespread, but vertical discharge rates
were highest in certain portions of the Creek. Additionally, Darcy calculations were performed to generate an estimate of horizontal groundwater
discharge to the creek. The groundwater program showed that COPCs,
particularly TPAH concentrations, were elevated beneath the creek at
locations adjacent to an historical MGP facility and a petroleum handling
facility. Finally, the data sets were integrated to develop COPC mass flux
estimates to the creek, which show that groundwater discharge is the
largest measured pathway for ongoing COPC flux to Newtown Creek.
MP058 Groundwater-to-Surface Water Interface (GSI)
Investigations: Case Studies in Site Characterization using Multiple
Techniques
D.R. Lavoie, CH2M
For contaminated sites adjacent to water bodies, the environmental
impact of site-related contaminant releases to aquatic habitats, including contaminated groundwater-to-surface water discharges, have
become key assessment components of site investigations. Consequently,
groundwater-to-surface water interface (GSI) investigations can be a
key component of overall site investigations. GSI investigations can
accomplish a number of goals: tracking migration pathways of contaminants across environmental media (groundwater -> sediment/pore water
-> surface water); verifying off-site releases; estimating more accurately
the benthic receptor exposures to contaminant concentrations; validating
hydrogeological model predictions; evaluating groundwater/sediment
remedy effectiveness; developing attenuation factors for contaminants in
groundwater or the Hyporheic zone; and/or establishing cleanup goals.

This presentation will focus on summarizing successes when using a
variety of tools and techniques employed to accomplish these objectives.
Examples of studies where sediment pore water was effectively sampled
or accessed using proven tools (nested well [drive] points, PushPoint
probes and the Trident Probe) will be featured. Additionally, a summary
of how more specialized GSI characterization techniques (CPT/EC logging, manometer/hydraulic pressure surveys, seepage meters and passive
samplers) were used to enhance pore water sampling, refine conceptual
site models (CSMs), or focus remedial solutions will also be shared. The
aim in sharing such experiences is to aid and/or improve future GSI
investigations, inform site managers of growing number of techniques
available to more accurately characterize liabilities, and gain insight into
regulatory opinions on GSI and related studies.

Plant Contaminant Interactions
MP059 A review of bioaccumulation data in terrestrial plants for
organic chemicals: Metrics, variability and the need for standardized
measurement protocols
W.J. Doucette, Utah State Univ / Utah Water Research Laboratory; J.A.
Arnot, ARC Arnot Research & Consulting / Dept of Physical Environmental
Science; C. Shunthirasingham, Univ of Toronto Scarborough / Depts of
Chemistry and Physical and Environmental Sciences
Quantifying the transfer of organic chemicals from the environment
into terrestrial plants is required transpiration stream (xylem sap) concentrations factors (TSCFs). Plant-soil and plant-air BCFs have been
used directly as models to provide estimates of plant tissue concentrations from measured exposure concentrations and have also been used as
input into mechanistic models and for risk assessments. All plant bioaccumulation measurements are dependent on the experimental approaches
and the underlying transport, biotransformation and physical loss
processes within plants. We collected and reviewed measured data from
over five hundred published papers to develop a terrestrial plant bioaccumulation database that includes plant BCFs for 360 organic chemicals
and 100 plant species. The review demonstrates that experimental
data have not been determined in a consistent, reproducible manner
that facilitates comparisons between studies and limits model evaluation and development. Key parameters describing exposure conditions
and plant growth and health were often missing. Units associated with
the bioaccumulation metric were often not reported or unclear. Steady
state conditions were often assumed but rarely confirmed adding significant uncertainty in the interpretation of the ratio metrics based on
this assumption. Standard protocols, or at a minimum standard reporting guidelines, for the measurement of plant uptake data are required
to generate consistent, high quality data and will lead to an improved
mechanistic understanding of chemical uptake by plants.
MP060 Biosorption of Nonylphenol by Pure Algae, Field-collected
Planktons and Their Fractions
D. Zhang, Guangzhou Inst of Geochemistry / State Key Laboratory of Organic
Geochemistry; Y. Ran, Guangzhou Inst of Geochemistry / Chinese Academy of
Sciences; J. Mao, Old Dominion Univ / Dept of Chemistry and Biochemistry
Nonylphenol (NP) is one of endocrine disrupting chemicals (EDCs)
since it is able to mimic natural estrogens and disrupts the endocrine
systems of higher organisms by interacting with the estrogen receptor.
NP can also affect plankton community structure when released into
an aquatic environment. Algae could be highly effective, reliable, and
economic in the removal of organic pollutants from aqueous solutions.
However, few investigations are available about biosorption mechanism
of NP by algae. The important effects of the algal structure and composition on the biosorption of NP have not received much attention. Several
commercial algae species, cultured algae species and field-collected
plankton samples were collected and selectively fractionated into different organic fractions. These algal organic fractions were characterized
by the advanced multiCP/MAS 13C NMR techniques. The biosorption
isotherms for nonylphenol (NP) were established and compared with the
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previously published data for phenanthrene (Phen). The log KOC values
are significantly higher for the field-collected plankton samples than for
the commercial algae and cultured algae samples, relating to their lipid
contents and aliphatic carbon structure. As the NHC fraction contains
higher polymethylene carbon, it exhibits higher biosorption capacity. The
sorption capacities are negatively related to the polarity index, COO/NC=Ogroups, polar C and O-alkyl C groups, but are positively related to
the H/O atomic ratios and polymethylene carbon. The higher sorption
capacities observed for NP than for phenanthrene on the investigated
algal samples are explained by specific interactions such as hydrogen
bonding and ?-? interaction. This study exhibits theoretical and practical importance to the remediation of organic pollutants in the aquatic
environment.
MP061 Occurrence, distribution and bioaccumulation behavior of
contaminants of emerging concern in a full-scale constructed wetland
system
Y. Wang, B.C. Kelly, National Univ of Singapore / Civil Environmental
Engineering
Pharmaceuticals and personal care products (PPCPs) and perfluoroalkyl
chemicals (PFCs) have gained increasing attention in recent years due
to concerns of ecological and human health. Constructed wetlands are
commonly used to simulate the wetland process in a more controlled
environment. These nature-assisted water treatment systems may be
used as substitutes or supplements for conventional wastewater treatment
systems. The efficacy of constructed wetlands for the removal of PPCPs
and PFCs has not been fully assessed. The objective of the present study
is to assess the occurrence, distribution and bioaccumulation behavior of
PPCPs and PFCs in a full-scale constructed wetland in Singapore. This
constructed wetland was designed to treat landfill leachate and consists of a pre-treatment system (equalization tank, aeration lagoons and
sedimentation tank), five constructed reed beds and five polishing ponds.
Three plant species are grown within the reed beds, including cattail
(Typha angustifolia) vetiver grass (Chrysopogon zizanioides) and papyrus
(Cyperus papyrus). Results of a comprehensive field study showed the
presence of several PPCPs and PFCs in influent, subsurface water and
plants (roots and shoots) within this constructed wetland. The PPPCs
detected included caffeine, carbamazepine, atrazine, bisphenol A, ibuprofen, fluoxetine, triclosan and gemfibrozil. For PFCs, perfluorinated
carboxylates, PFHxA (C6), PFOA (C8), PFNA (C9), PFDA (C10),
PFUnDA (C11), PFDoDA (C12), as well as perfluorooctane sulfonate
(PFOS) were detected. Concentrations of PPCPs and PFCs were generally lower in subsurface water within the constructed wetland system and
the outflowing water in the polishing ponds, compared to concentrations
in the original influent (raw landfill leachate). Bioconcentration factors
(BCFs) in Typha angustifolia ranged between 60 and 2,000 for individual
PPCPs and between 5 and 1,500 for individual PFCs. Translocation factors (TFs) were typically less than 1, except for atrazine and bisphenol A,
PFHxA and PFUnDA. The study results help provide a better understanding of the key determinants and mechanisms governing transport
and phytoremediation of these contaminants in constructed wetlands.
MP062 Phytoforensics: Analytical Techniques for Assessing Plant
Contamination
M.A. Limmer, Missouri Univ of Science and Technology; J.G. Burken,
Missouri Univ of Science and Technology / Civil Architectural and
Environmental; J. Wilson, USGSMissouri S&T / Missouri Water Science
Center
Plants are solar powered pumps of subsurface water, often translocating
contaminants above-ground. While this approach has been widely used
for remediation (i.e., phytoremediation), it has also allowed delineation of contaminated groundwater (i.e., phytoscreening). To screen the
contaminants in tree tissues rapidly and cheaply, several novel analytical
approaches will be briefly described. Such approaches include in vitro
solid-phase microextraction (SPME) along with in planta SPME; the
latter developed to repeatedly sample individual trees over long periods
of time to assess seasonal trends in chlorinated solvent concentrations.
Such sampling over four years has revealed that chlorinated solvent
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concentrations are highest in planta during periods of high transpiration.
Passive sampling devices have been placed in trees to provide additional
long-term monitoring without the need of SPME. Additionally, analyses
have been performed on-site using in planta portable gas chromatography
mass spectrometry (GC-MS) to provide real-time data. Collectively,
these methods have been used to delineate contaminant plumes at numerous sites across North America and Europe. Of approximately 2,000
trees analyzed using these methods, chlorinated solvents were found
in over 1,000 trees. These methods have also been used to demonstrate
phytoremediation efficacy at field sites. When combined with estimates of
transpiration, the measured contaminant concentrations have been used
to estimate total contaminant mass removal at phytoremediation sites.
MP063 Role of Plant Leaf Composition in Bioaccumulation of
Polychlorinated Biphenyls (PCBs)
C. Belinga, Clemson Univ / Environmental Engineering and Earth Sciences;
V. Dang, Univ of Florida / Physiological Sciences; C.M. Lee, Clemson Univ /
Environmental Engineering and Earth Sciences
Plant material plays a crucial role in the transfer of persistent organic
pollutants (POPs) from contaminated sediment to the food chain in
aquatic systems. Tree leaves are a significant source of organic matter to
streams, substrate to sorb contaminants from the sediment, and platform for transmission to macroinvertebrates. To date, few studies have
examined the factors important to sorption by leaves. The distribution
of deciduous to evergreen canopy cover, for example, may influence the
transfer of POPs to the food chain. The lipids of organisms and plants
have conventionally been considered the key. However, lignin, which is
a significant component of plants and precursor to humic substances, is
likely to also be of importance. Bound and lignin phenols may serve as
markers to explain the influence of lignin on uptake of POPs. The fractions of phenols also influence degradation rates and nutritional values
of leaves to invertebrates, which will affect food chain transfer. The
overall objective for our work is to investigate the role of leaf type on the
uptake of polychlorinated biphenyls (PCBs) as a model class of POPs.
Our study location is a piedmont forested stream that is located in the
watershed of a PCB Superfund site in the southeastern US. Mixed leaf
bags were prepared from four species of trees including red maple (Acer
rubrum), northern red oak (Quercus rubra L.), tulip poplar (Liriodendron
tulipifera), and evergreen rhododendron (Rhododendron maximum),
which are important components of the piedmont forest. The leaf bags
were deployed in a contaminated stream for up to 90 days and collected
for compositional and chemical analyses. We hypothesized that the
phenol composition may help explain the accumulation patterns of PCBs
observed in the deployed leaves rather than only the lipid content of the
leaves. Preliminary results for the phenolic analysis in red maple (high in
nutritional value) and rhododendron (low in nutritional value) show significant differences in the content of selected compounds. In particular,
rhododendron has much higher concentrations of vanillin, syringaldehyde, and ferulic acid, while red maple has much higher concentrations
of p-hydroxybenzoic acid, 3,5-dihydroxybenzoic acid, and p-coumaric
acid. PCB uptake will be compared to phenolic fractions. Understanding
the link between the composition of leaves and sorption of POPs will
provide greater understanding of the transfer to the food chain and
inform risk assessment.

Recent Advances and Trends in
Perfluorochemical Research
MP064 Comparison of Avian PFOS Exposures in Aquatic Habitats
Affected by Aqueous Film Forming Foam Releases
J.M. Conder, D. Zhou, Geosyntec Consultants
Detectable levels of perfluorooctane sulfonate (PFOS) are present in
environmental media at many sites as a result of Aqueous Film Forming
Foam (AFFF) releases. Birds may have relatively high exposure potential
due to consumption of fish, invertebrates, and sediment in aquatic
habitats affected by AFFF releases. We evaluated avian PFOS exposures
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using measurements of PFOS from six different AFFF sites. Exposure
modeling was conducted for a benthivorous species (lesser scaup, Aythya
affinis), a piscivorous species (osprey, Pandion haliaetus), and a species
with a mixed diet (great blue heron, Ardea herodias). Predicted exposures
for all species were below exposure doses associated with reproductive
and lethal effects. At four of the six sites, predicted PFOS exposures to
lesser scaup were the highest of the three species by an average factor of
3 (predicted PFOS exposure to osprey was approximately a factor of 2
higher than lesser scaup at two sites). Because of the variety of environmental compartments containing PFOS at sites potentially affected by
AFFF releases, site-specific ecological risk assessments should include
multiple representative avian species with dissimilar dietary habits.
MP065 Development of Analytical Methods for Monitoring
Degradation Products of 6:2 Fluorotelomer Phosphates in Abiotic
Matrices and WWTP Sludge
R. Van Hoven, Wildlife International / Chemistry; D. Weiss, Wildlife
International; R. Buck, Chemours; M.H. Russell, DuPont Haskell /
Toxicology
The environmental fate of 6:2 polyfluoroalkyl phosphates (6:2 PAPs) has
received increased attention in recent years. The 6:2 PAPs are derived
from 6:2 fluorotelomer alcohol (6:2 FTOH). Biodegradation of 6:2
FTOH in aerobic and anaerobic waste water treatment plant (WWTP)
sludge to form environmentally persistent perfluorocarboxylic acids
(PFCAs) has been demonstrated in previous studies. Reliable quantitative methods for direct measurement of 6:2 PAPs in environmental
matrices have not yet been established. Therefore, monitoring 6:2
FTOH and other potential transformation products (e.g., PFCAs) in
biodegradation studies of 6:2 PAPs under controlled abiotic and biotic
conditions can help to understand to what extent they may form PFCAs
in the environment. The objective of the present investigation was to
develop and demonstrate robust analytical methodologies for monitoring
6:2 FTOH and associated transformation products (analytes) following dosing of a 6:2 PAP fluorosurfactant product into abiotic and biotic
degradation test systems. Methodologies in the literature for quantitation of these analytes at trace levels in environmental matrices are most
often based on methyl-tert-butyl ether and/or acetonitrile extraction(s)
followed by gas chromatography mass spectrometry (GC/MS) or liquid
chromatography tandem mass spectrometry (LC/MS/MS) determination. The present work has resulted in novel methodologies to quantitate
and demonstrate procedural recovery and test system integrity for the
highly volatile analytes 6:2 fluorotelomer olefin (6:2 FTO) and 1-H perfluorohexane (1H-PFHx) in abiotic matrices (hydrolysis and indirect
photolysis). Method verification and test system integrity data will be
presented for abiotic analytes 6:2 FTO, 1H-PFHx, 6:2 FTOH, 6:2 fluorotelomer saturated acid (6:2 FTCA), 6:2 fluorotelomer unsaturated acid
(6:2 FTUCA), perfluorohexanoic acid (PFHxA) and perfluoroheptanoic
acid (PFHpA). Refinement of established methods has maximized
procedural recovery for analytes in WWTP sludge biotic test systems to
include 6:2 FTOH, 5:2 secondary fluorotelomer alcohol (5:2 sFTOH),
6:2 FTCA, 6:2 FTUCA, perfluoropentanoic acid (PFPeA), PFHxA,
PFHpA and 5:3 Acid. Details of the extraction methodologies, instrumental conditions and method verification results will be presented.
MP066 In Vivo and In Vitro Isomer-Specific Biotransformation of
Perfluorooctane Sulfonamide in Common Carp (Cyprinus carpio)
M. Chen, L. Qiang, Nankai Univ / College of Environmental Science and
Engineering; X. Pan, Tianjin Univ of Science and Technology; S. Fang,
Nankai Univ / College of Environmental Science and Engineering; Y. Han,
L. Zhu, Nankai Univ
Biotransformation of PFOS-precursors (PreFOS) may contribute
significantly to the level of perfluorooctanesulfonate (PFOS) in the
environment. Perfluorooctane sulfonamide (PFOSA) is one of the major
intermediates of higher molecular weight PreFOS. Its further degradation to PFOS could be isomer specific and thereby explain unexpected
high percentages of branched (Br-) PFOS isomers observed in wildlife. In this study, isomeric degradation of PFOSA was concomitantly
investigated by in vivo and in vitro tests using common carp as an animal

model. In the in vivo tests branched isomers of PFOSA and PFOS were
eliminated faster than the corresponding linear (n-) isomers, leading to
enrichment of n-PFOSA in the fish. In contrast, Br-PFOS was enriched
in the fish, suggesting that Br-PFOSA isomers were preferentially
metabolized to Br-PFOS than n-PFOSA. This was confirmed by the in
vitro test. The exception was 1m-PFOSA, which could be the most difficult to be metabolized due to its a-branched structure, resulting in the
deficiency of 1m-PFOS in the fish. The in vitro tests indicated that the
metabolism mainly took place in the fish liver instead of its kidney, and it
was mainly a Phase I reaction. The results may help to explain the special
PFOS isomer profile observed in wildlife.
MP067 Isomer-specific biotransformation and partitioning of two
perfluorooctane sulfonate (PFOS)-precursors in aerobic soil
G. Zhong, S. Mejia, W. Li, McGill Univ / Civil Engineering and Applied
Mechanics; J. Liu, McGill Univ / Chesapeake Biological Laboratory
Isomer profiling has been proposed as an approach to allow evaluation
of exposure sources to perfluorooctane sulfonate (PFOS) and PFOSprecursors in humans, wildlife, and aquatic species. As one of the major
reservoirs of pollutants, soil plays an important role in impacting isomer
ratios of PFOS or its precursors and ultimately affect their environmental fate and exposure to various biota. Therefore, the objective of the
research is to elucidate possible isomer-specific biotransformation and
partitioning processes of PFOS-precursors in aerobic soil. Technical
standards of two confirmed PFOS-precursors, N-ethyl perfluorooctane
sulfonamide ethanol (EtFOSE) and N-ethyl perfluorooctane sulfonamide (EtFOSA) with total branched/ linear isomer ratio (TBL) of
~0.4 and 0.03, respectively, were incubated in soil microcosms up to 182
days. Isomer profiles of parent compounds, degradation intermediates,
and terminal products were analyzed using LC-MS/MS. Our results
have shown a complex dynamics of isomer-specific biotransformation
processes occurring to all the observed compounds. Branched isomers of
EtFOSE were preferentially degraded with the TBL decreasing to 0.15
in the first 70 d. In contrast, the linear isomer of EtFOSA was preferentially degraded with the TBL increasing to 0.17 by the end of the
incubation. As EtFOSA is also a degradation intermediate of EtFOSE,
their different isomer specific degradation rates led to substantial enrichment of branched EtFOSA with its TBL increasing from 1.7 to 44.9
by 182 d in the microcosms starting with EtFOSE. The enrichment of
branched EtFOSA was enhanced by preferential biotransformation of
branched N-ethyl perfluorooctanoic acid (EtFOSAA), a direct precursor
of EtFOSA. For perfluorooctane sulfonamide (FOSA), a direct precursor of PFOS, its linear isomer was degraded in a faster rate. Overall,
the preferential biodegradation of linear isomers occurring to several
intermediates ultimately led to enrichment of the linear PFOS isomer by
the end of the study. In addition, isomer-specific partitioning processes
of the two precursors will be discussed in the study, including soil-air
partitioning in a sterile soil and soil-water partitioning in a saturated soil.
Evidence from this work is helpful to elucidate isomer-specific fate of
PFOS precursors and PFOS in soil and contribute to the knowledge of
source tracking of these compounds.
MP068 Novel and established per-/poly-fluoroalkyl substances and
bioaccumulation and biomagnification in East Greenland ringed
seals and polar bears
G. Boisvert, Carleton Univ / Chemistry; R.J. Letcher, Environment Canada
/ Ecotoxicology and Wildlife Health Division; R. Dietz, R. Dietz, F. Rigét,
Aarhus Univ AU Arctic Research Centre / Biosciences Dept
Poly- and per-fluoroalkyl substances (PFASs), and especially perfluorinated carboxylic (PFCA) and sulfonic (PFSA) acids, are ubiquitous and
widely distributed in the global environment including in the Arctic. The
polar bear (Ursus maritimus) is an excellent indicator of PFAS contamination in the Arctic due to its status of apex predator of the marine
food web. Polar bears from the contamination “hotspot” subpopulation
of East Greenland have very high liver levels of the e.g., bioaccumulative PFAS perfluorooctane sulfonate (PFOS). Also, temporal trends
up until 2006, and more recently in 2012-collected bear livers from
East Greenland bears (liver) are showing that levels of e.g., PFOS to
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be increasing and/or being persistently stable over approximately the
previous 30 years. The main prey species of the polar bear is the ringed
seal (Pusa hispida) and there is a dearth of understanding of the ringed
seal to polar bear bioaccumulation of PFASs, including more recent
and novel PFASs such as perfluorooctane-4-ethylcyclohexane sulfonic
acid (PFEtCHxS; PFOS replacement) and shorter-chain PFSAs and
PFCAs and their sulfonamide precursors. In the present study, the direct
bioaccumulation of a broad suite of established and replacement PFASs
between East Greenland ringed seals and polar bears was investigated
in seal blubber and liver sample pairs (n=16 seals) and bear fat and liver
sample pairs (n=10 individuals) from tissue collections in 2011-2012.
Among the results found, polar bear liver has the highest e.g., PFOS
levels compared to fat samples, and liver and blubber of ringed seals.
Compared to e.g., PFOS, there are substantially and significantly lower
concentrations of the precursors perfluorooctane sulfonamide (FOSA)
and perfluorobutane sulfonamide (FBSA). The data results also confirm the distribution of PFASs being mainly in the liver and in only a
relatively small portion being in fat or blubber tissues. PFAS bioaccumulation factors from ringed seal to polar bear (e.g., seal blubber to bear
liver) will be examined and presented.
MP069 Occurrence of per- and poly-fluoroalkylated substances
(PFAAs) in surface water, sediment and whole fish homogenates of
Ottawa River
K. Dasu, USEPA / National Risk Management Research Laboratory; M.
Mills, USEPA; K. Tadele, USEPA / National Risk Management Research
Laboratory; B. Crone, USEPA
Per- and poly-fluoroalkylated substances (PFAAs) are highly persistent, bioaccumulative and have potential human health effects.
Perfluoroalkane sulfonic acids [PFSAs] and perfluoroalkyl carboxylic
acids [PFCAs] are most extensively studied and are globally detected
in human blood, surface water, wastewater effluent and sludge,
sediment, and wildlife. Several concerns have raised regarding their
sources,environmental fate and transport, and routes of human exposure.
These compounds may present a potential risk to humans via drinking water and to wildlife via receiving waters. The ability to extract,
accurately analyze and quantify these chemicals in complex environmental and biological matrices is crucial. The current study describes
the research effort to analyze PFAAs, perfluorinated phosphinates and
Fluorotelomer sulfonates (FTS) in surface water, sediment and whole
fish homogenate samples collected at 18 stations on Ottawa River. The
river is located in Lucas County in northwestern Ohio and drains the
greater Toledo area. Surface water, sediment and whole fish samples
were collected at 18 stations on Ottawa River within reaches 2, 3, and
4. The main objective of the current study is to evaluate the occurrence
and distribution of PFAAs in different compartments within the aquatic
system. All the analytes were extracted following separate extraction
procedures for each of the three matrices. Samples are extracted using
solid phase extraction for liquid samples and solvent extraction for solid
samples followed by sample clean-up and analysis on UPLC/MS/MS.
The concentration levels of PFAAs varied depending on their spatial distribution and different compartments within the aquatic system such as
water, sediment, fish. Percent occurrence of PFAAs ranged from 60-73%
in surface water samples. Sum of PFAAs in sediments ranged from
non-detects – 6.5 ng/g sediment dry weight and 7 – 69 ng/g wet weight
with median value of 35 ng/g in fish samples. PFOS was detected as the
predominant analyte in all the three compartments. Of the total PFASs,
PFOS accounted for 92 % in fish homogenates (largemouth bass),
100% in sediment and 70% in surface water near one of the reach. The
concentrations of these chemicals in three compartments of the Ottawa
River system will be discussed in detail. The information obtained from
current study will aid in understanding the fate and risk management of
Perfluorinated chemicals in the environment.
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MP070 Perfluorinated compounds and pansteatitis in Mozambique
tilapia in Mpumalanga province, South Africa
J.T. Bangma, Marine Biomedicine and Environmental Sciences; J. Reiner,
National Inst of Standards and Technology; J. Bowden, National Inst of
Standards Tech / Environmental Chemical Sciences Group; M. Guillette,
Medical Univ of South Carolina; T. Cantu, Medical Univ of South Carolina
/ OBGYN; H. Botha, SANParks; L.J. Guillette, Medical Univ of South
Carolina / Marine Biomedicine and Environmental Sciences OBGYN
Outbreaks and large mortality events of an inflammatory disease known
as pansteatitis have been associated with serious declines in some populations of aquatic wildlife in the Mpumalanga province of South Africa,
including Mozambique tilapia. Theories on the cause of pansteatitis
include heavy metals, organic contaminants, cyanobacteria toxins, and
a diet high in unsaturated fats; the causative agent remains unknown.
Perfluorinated compounds (PFCs) are a class of chemicals that prove
very biopersistent and are used in manufacturing products such as adhesives, water-repellant surfaces, & lubricants. Environmentally relevant
levels have shown a wide range of toxicities that include alterations in
liver physiology, as well as result in hepatomegaly, wasting syndromes,
neurotoxicity, and immunotoxicity. Therefore, even if PFCs are not the
root cause of pansteatitis in the region, it is possible that high levels
of PFCs could increase the susceptibility or severity of pansteatitis in
affected populations. Initial studies show detectable levels of PFCs
in tilapia plasma pools and indicate that female tilapia carry a higher
burden of certain PFCs including PFHxS, PFOS, PFNA, and PFDA.
For example, female pools carry 36 ng/g to 40 ng/g of PFOS while male
pools show 13 ng/g to19 ng/g of PFOS. Here we investigate the role of
increased levels of PFCs in local fish plasma and the disease severity of
the fish affected by pansteatitis.
MP071 Perfluorinated sulfonic and carboxylic acids and precursors in
East Greenland and compared to subpopulations of polar bears from
Hudson Bay, Canada
G. Boisvert, Carleton Univ / Chemistry; R.J. Letcher, Environment Canada
/ Ecotoxicology and Wildlife Health Division; M. Dyck, Government of
Nunavut / Nunavut Dept of the Environment; C. Sonne, R. Dietz, Aarhus
Univ AU Arctic Research Centre / Biosciences Dept
Poly- and per-fluoroalkyl substances (PFASs), and especially perfluorinated carboxylic (PFCA) and sulfonic (PFSA) acids, are ubiquitous in the
global environment including in the Arctic. PFASs are being transported
long distances from their anthropogenic sources, and subsequently
bioaccumulate and -magnify in the food webs of receiving ecosystems.
The polar bear (Ursus maritimus) is an excellent indicator of anthropogenic contamination in the Arctic due to its status of apex predator and
other factors such as life longevity. With respect to polar bears, temporal
trends up until 2006 in East Greenland bears (liver) have shown levels
of e.g., the highly bioaccumulativeperfluorooctane sulfonate (PFOS) to
be increasing and/or persistent over the previous two decades. However,
there is presently a dearth of information on more recent PFSA and
PFCA concentrations in polar bears from contamination “hotspot”
subpopulations from Hudson Bay, Canada and East Greenland. In the
present study, PFAS concentrations and patterns are compared in the
liver of polar bears from three subpopulations: East Greenland sampled
in 2012 and western and southern Hudson Bay, Canada sampled in
2011-2012. Eastern Greenland polar bears had the highest liver concentrations of most PFAS compared to the Hudson Bay subopulations.
One exception was, however, the PFOS precursor perfluorooctane
sulfonamide (FOSA). Overall, the PFAS patterns were similar between
bears from the two distinct geographical regions, where PFOS was the
most concentrated, and PFSA (C4 to C10 chain lengths) were at higher
concentrations than PFCAs (C4-C18 chain lengths). Precursors (e.g.,
FOSA) were less concentrated than their corresponding perfluorinated
acid by-products (e.g., PFOS). The present PFAS results are consistent
with the knowledge that the East Greenland polar bear subpopulation is
among the most contaminated apex predator in the Arctic.
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MP072 Reproduction and Endocrine Function in Fathead Minnows
(Pimephales promelas) Exposed to Perfluorooctanesulfonate and
Perfluorohexanoic Acid
D.J. Fort, M. Mathis, Fort Environmental Laboratories Inc; T. Fort,
Fort Environmental Laboratories; J.A. Weeks, S.C. Johnson & Son, Inc. /
Environmental Safety
Exposure of perfluorooctanesulfonate (PFOS) and perfluorohexanoic
acid (PFHxA) to fathead minnow (Pimephales promelas) using the Tier
1 EDSP 21-day Fish Reproduction Screen was performed to evaluate
effect on reproduction and endocrine function. Reproductively-active
male and female fish were exposed to PFOS (< 0.03, 0.05, 0.1, 0.25,
0.5, and 1.0 mg/L) or PFHxA (0.5, 1.0, 2.5, 5.0 and 10.0 mg/L) via
flow-through exposure for 21-d and evaluated for survival, reproductive
behavior, and secondary sexual characteristics. Reproductive fecundity
and fertilization success were monitored daily. At termination, the status
of the reproductive endocrine system was assessed by the gonad-somatic
index (GSI), gonadal histology, plasma steroids (estrogen [E2], testosterone [T], and 11-keto-testosterone), plasma vitellogenin (VTG) and
CYP19 (aromatase) activity. Results indicated that the PFOS exposure did not affect survival or body weight, but reduced female GSI.
Reproductive fecundity, gonad histology, and endocrinological measures
of reproductive status were altered at concentration ≥0.5 mg PFOS/L.
Increased T was detected in both male and female minnows, and
increased 11-KT was detected in male minnows. Decreased plasma levels
of E2 and VTG, and gonadal CYP19 (aromatase) activity were observed
in female minnows. Results indicated that PFHxA exposure reduced
reproductive fecundity, but had only a slight effect on gonadal CYP19
(aromatase) activity at 10 mg PFHxA/L. No effect on gonad histopathology or other endocrinological measures of reproductive status were
noted following PFHxA exposure. Overall, these results demonstrated
the anti-estrogenic effects of PFOS, but not PFHxA, on the reproductive system of fathead minnows.
MP073 Routes of Perfluorooctane Sulfonate Uptake in Fish Collected
Near a Location of Known Historic Aqueous Film Forming Foam
(AFFF) Use
H.A. Lanza, Texas Tech Univ / The Inst of Environmental and Human
Health, Environmental Toxicology; R.S. Cochran, A. Olson, Texas Tech
Univ / Environmental Toxicology; C.J. Salice, Towson Univ / Biological
Sciences Environmental Science; J.D. Maul, Texas Tech Univ / Dept of
Environmental Toxicology; J.F. Mudge, Univ of New Brunswick, Saint John
/ Biology; T. Anderson, Texas Tech University / Environmental Toxicology
Perfluorinated compounds (PFCs) have received a high volume of
research attention due to their classification as emerging contaminants
of concern by the US Environmental Protection Agency. PFCs have
been used in a wide variety of consumer products due to their chemical uniqueness with a hydrophobic, fluorine-saturated backbone, and
hydrophilic head group. Applications include grease and stain-resistant
coatings and surfactant components in Aqueous Film Forming Foams
(AFFFs). The dual nature of these compounds also facilitates their ability to bioaccumulate in protein-rich regions like the liver and in serum,
and accumulation in biota around the globe has been documented,
particularly for perfluorooctane sulfonate (PFOS). The current study
looks to characterize PFOS exposure to fish by considering routes of
uptake in environmental samples. Fish were collected from Barksdale
Air Force Base in Bossier City, Louisiana, where fire-fighting trainings with AFFF was historically conducted on site. Individual fish
were collected opportunistically in August and November of 2013,
and March, June, and September of 2014 (n = 74). Fish were dissected
and tissues were processed via the QuEChERS method, with analysis
using a Triple Stage Quadrupole LC-MS/MS. PFOS accumulation was evaluated in tissues like gill, gonad, heart, liver, muscle, and
digestive tissue. Bioconcentration directly from the water column into
gills appears to be the dominant route of exposure. Biomagnification
may contribute to accumulation of PFOS, but does not appear to drive
aquatic organism exposure to the same extent as bioconcentration.
Bioconcentration of PFOS has been described in the literature in laboratory based trials, but to our knowledge, this relationship has not yet

been shown in environmental samples. Accumulation of PFCs in tissue
can adversely affect overall fish condition, and perhaps effect long term
species maintenance. Incorporation into other tissues like gonad could
have implications for offloading events, further stressing fish survival.
Furthermore, muscle fillet accumulation could have implications for
human health via potential ingestion of these samples. This study is part
of a larger ecological risk assessment of PFCs at Barksdale AFB.
MP074 Temporal trends of perfluoroalkyl substances in plasma of
bottlenose dolphins residing in Sarasota Bay, FL
M. Houde, Environment Canada / Centre SaintLAurent; A.O. De Silva,
Environment Canada; D.C. Muir, Environment Canada / Aquatic
Contaminants Research Division; M. Williamson, Environment Canada;
B.C. Balmer, NOAA; R. Wells, Mote Marine Laboratory
The long-term monitoring of free-ranging populations is a useful tool
to evaluate the presence and fate of environmental contaminants and
help assess and manage their risks to wildlife. A suite of perfluoroalkyl
substances (PFAS) were analyzed in plasma bottlenose dolphins (Tursiops
truncatus) collected during capture-release health assessment of the
resident population of Sarasota Bay, FL over an 11 year period (sampling years 2002-2005, 2011, 2012, and 2013). Results of the temporal
analyses of individual congeners indicated an increase in concentrations
of PFOA, PFNA, PFDoA, PFTA, and PFTriA in plasma of dolphins
while levels of PFUA, PFOS, PFHxS, and PFOSA decreased over time.
Perfluoroethylcyclohexane sulfonate (PFECHS), which was not determined in previous studies, was detected in all plasma samples analyzed
from 2004 and 2011 to 2013. PFECHS declined in concentration from
means of 20 ng/g w.w. in 2004 to 6.2 ng/g ww in 2013. Overall, the data
indicate a decrease in the concentrations of sum of perfluoroalkyl sulfonates and constant levels for the sum of perfluoroalkyl carboxylic acids
(PFCAs) over the 12-year span of sampling. The results suggest continued inputs of PFCAs, and their precursors in commercial products, to
the Western Florida coastal region and underline the need for continuous
monitoring of PFAS in wildlife populations.
MP075 The residual levels, spatio-temporal distributions and ecological risks of perfluoroalkyl acids in western Lake Chaohu and its inflow
rivers, China
W. Liu, College of Urban and Environmental Sciences; W. He, L. Kang,
Peking Univ; F. Xu, Peking Univ / College of Urban Environmental
Sciences
The surface water samples from the 27 sites in western Lake Chaohu and
its inflow rivers were collected in March and September 2013. The residual levels of perfluoroalkyl acids (PFAAs) in the water were measured
with a high performance liquid chromatograph – mass spectrometer
(HPLC–MS). The spatio-temporal distributions, compositions and the
ecological risk of PFAAs were investigested. The results indicated that
seventeen and elevern PFAAs were detected in March and September,
2013, respectively. The mean concentration of total PFAAs (TPFAAs)
in March and September were 16.22 ± 10.65 ng/L and 8.42 ± 2.83 ng/L,
respectively. PFOA was the predominant contaminant in two seasons
(6.27±3.16 ng/L and 3.79±1.27 ng/L), followed by PFBA and PFHxA.
The residues of PFOA in River Nanfeihe were higher than those in
western lake area, whereas the PFOS concentration peaked in River
Paihe. The concentration of TPFAAs in March was significantly greater
than that in September (p<=0.0001) in the most of sites, except for River
Nanfei, in which the concentrations of PFOA and PFOS in March were
lower than those in September. A species sensitivity distribution model
(SSD) was employed to evaluate the ecological risk. The risk of PFOS
was greater in the lake area, and notably above that of PFOA, which was
higher in river area.
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Making Science Matter: Effective Science
Communication and Outreach

field. We also identify gaps in our efforts and propose opportunities for
growth. Through these efforts, we hope to better understand the usefulness of citizen science for gathering data and informing communities.

MP076 Clemson WOW Project: An outreach program designed by
Clemson University Graduate Students
N. Sengupta, Clemson Univ / Dept of Biological Sciences; L.E. Sweet,
Clemson Univ / Inst of Environmental Toxicology CUENTOX;
K.M. Newton, Clemson Univ Inst of Environmental Toxicology /
Biological Sciences ENTOX; A.T. Wray, Clemson Univ / Clemson Inst
of Environmental Toxicology; C.L. Sampson, Clemson Univ / Biological
Sciences
The What’s in Our Waters (WOW) program was designed by graduate students in the Biology and Environmental Toxicology programs
at Clemson University (CU) in June 2013. The goal of the program
was to introduce high school students (in and around Clemson, South
Carolina) to methods of monitoring and reporting on the conditions
of local streams. We started working with environmental clubs (from
neighboring high schools) and taking them to field trips for water quality
monitoring. Over the next few months our vision progressed towards
teaching students the importance of responsible citizen science, conducting research using the ‘scientific method’ and the relevance of science
communication with the public . We wanted to incorporate this whole
process under the WOW program. We were able to launch a model for
this program with the AP Environmental Science class of Daniel High
School (Central, SC). This past academic year, Daniel High School
students designed and conducted both chemical and biological water
quality tests at Indian Creek, located in CU’s North Experimental
Forest. Students measured physical attributes of the creek including
dissolved oxygen, acidity, alkalinity, conductivity, temperature, and
turbidity. Moreover, students also collected faunal specimens (i.e.,
aquatic macroinvertebrates), which serve as biological indicators of water
quality. The WOW program model is divided into four phases: 1.) In
class presentation to students by WOW mentors: they talk about citizen
science, other water quality programs, careers in environmental sciences,
building a research hypothesis , conducting research, data analysis and
research communication. 2.) Field trip: students are assisted by mentors
at the field trip to the Indian Creek, in observing macroinvertebrates and
measuring water quality using chemical testing kits. 3.) In class mentoring to prepare scientific posters: mentors work in groups with students
to help them analyze data collected from the field trip and summarizes
and presents that in the form of a poster. 4.) Participate in a poster
presentation session at a biology symposium in Clemson University. This
program is valuable for several reasons: it introduces budding scientists to
field techniques, serves as a platform for students to practice the scientific
method, and most importantly, increases public awareness of the threats
to the health of our freshwater ecosystems.

MP078 How much mercury (Hg) is in our fish? Communicating
Hg science and fish consumption recommendations to Northern
Communities in Ontario, Canada
G.L. Lescord, Laurentian Univ / Boreal Ecology; T.A. Johnston, Ontario
Ministry of Natural Resources; J. Gunn, Laurentian Univ / Boreal Ecology;
H. Swanson, Univ of Waterloo; B. Branfireun, Univ of Western Ontario
/ Dept of Biology; C. Stringer, D. Pearson, Laurentian Univ / Science
Communication
Mercury (Hg) is a neurotoxic pollutant that has been detected in aquatic
systems around the world, often in high concentrations in remote areas
of North America and in the people who live there. The majority of Hg
found in humans originates from their diets, mainly through frequent
consumption of fish. In Northern Ontario, Canada, remote communities rely heavily on subsistence fisheries for a healthy source of protein
and as part of many First Nations’ cultural traditions. As such, these
community members, many of whom are aboriginal, have some of the
highest contaminants concentrations in the world. Furthermore, these
regions are facing major changes from climate change and industrial
development, all of which can alter Hg cycling and accumulation in fish.
Over the past decade, awareness of Hg concerns has increased in these
communities, but many questions still remain. A lack of a basic understanding of Hg cycling has led to the spread of partial and sometimes
misleading information. As a result and through collaborations with the
Ontario government, Laurentian University, and various First Nation
communities, we have developed three projects that we believe will
provide a vital understanding of the environmental and toxicological
concerns around Hg. The first are simplified summary handouts of the
fish consumption recommendations designed by the Ontario government. Separate handouts are being made for four communities and
provide information on lakes that are commonly used by their members.
Second, we are currently filming a 6 minute documentary explaining
the basics of Hg cycling; how it gets into fish and why it is a concern for
the environment. We are interviewing researchers who are working in
and around these communities to inform members on the research being
conducted on their lands. Lastly, we have given several public talks on
the above information and will continue to host informal discussions
on Hg in subsistence fish. Overall, our aim is to educate people on the
concerns about Hg, and empower them to make decisions regarding
the consumption of healthy fish with lower Hg concentrations. Our
talks and guides have been well-received and we believe they will help
communities to make more informed choices regarding their fish consumption. Demystifying concepts of environmental contamination and
cycling has the additional benefit of contributing to more constructive
dialogue between Aboriginal landowners and industrial stakeholders.

MP077 Engaging citizens in science results in large-scale data gathering and scientific literacy
S.R. Bowman, NOAA / National Sea Grant Office
NOAA’s National Sea Grant College Program (Sea Grant) is a federalstate partnership of 33 university-based programs in every coastal and
Great Lakes state and US territory. Sea Grant conducts applied research,
extension and outreach on coastal and Great Lakes issues. Sea Grant is
recognized by local communities and stakeholders for their “boots on the
ground” approach to outreach and extension. Some Sea Grant programs
have taken this approach one step further by including members of their
communities in data collection and observations i.e. citizen science.
Based on a 2014 network-wide survey, 20 citizen science projects have
been established by 13 Sea Grant programs since 1991. These programs
are using citizen science as an approach to accomplish large-scale data
gathering and/or community outreach. Involving community members in science that takes place in their backyard can result in a more
informed and scientifically literate public that is aware of issues and concerns in their local community. We present an overview of Sea Grant’s
involvement in citizen science by illustrating key case studies from the
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MP079 Tox on Tap: Engaging the community in science
S.E. Crawford, Univ of Saskatchewan - Toxicology Centre; L.P. D’Silva,
Univ of Saskatchewan - Toxicology Centre / Toxicology; D. Green, C.R.
Labarrere, Univ of Saskatchewan / Toxicology Centre; E. Maloney, Univ of
Saskatchewan / Toxicology
Tox on Tap (ToT) is an organization run by student volunteers to engage
the general community in the discussion of hot topic issues regarding science and technology, specifically those related to toxicology and
environmental problems. ToT is based on the French Cafe Philosophique
model,Café Scientifique. It is a place where anyone can come to explore
the latest ideas in science. Originating in England, the concept quickly
gained popularity and was taken to other countries. Similar but independent events have arisen in many cities using variations of the Café Sci or
Science Café name. Meetings have taken place in cafes, bars, restaurants
and even theatres, but always outside a traditional academic context. The
events are known for their informal and friendly atmosphere, and are
believed to improve the image of scientists and careers in science. Tot
organizes roughly 6 events per year through inviting experts in the subject area to a local pub to start a discussion on their area of toxicological
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science. Topics that have been discussed include the misconceptions of
radiation, climate change, and pesticide use. We would like to share our
positive experiences and stories of organizing these events in the hope of
increasing the successful communication of science for other scientists
with the general public in a friendly and educational manner.
MP080 Petnica Science Center: A unique model for informal highschool and undergraduate science education and outreach
T.D. Mišljenović, Faculty of Biology / Inst of Botany and Botanical Garden
Jevremovac; D. Jevtic, Inst of Environmental Sciences, Jagiellonian Univ
/ Ecotoxicology and Stress Ecology; E.K. Brockmeier, Univ of Liverpool /
Functional and Comparative Genomics; N. Božić, Petnica Science Center /
Dept of Biology
Petnica Science Center (PSC) is an independent institution for highschool science education outside of standard curricula in Southeast
Europe. For the past 35 years, it has been a place of free thinking and
inovative ideas for students with strong interests in science. There are
no marks, exams or certificates given and curicula are easily adapted to
focus on current topics in science. PSC utilizes a peer-to-peer education
system: university students act as tutors of high school students, providing a more informal learning settings. Our philosophy is to promote
science literacy and to help high school students understand the scientific
method. Through hands-on approaches to research, students learn
how to critically evaluate literature, use basic research methods, and
develop their own scientific questions. As students progress through the
program, they engage in training which enables them to create their own
research project proposal. Upon review and approval of the proposal,
students have the opportunity to conduct research, analyze the results,
and write a manuscript for peer review. Selected manuscripts are presented at the annual conference and are published as PSC proceedings.
Among the 17 programs at Petnica available to high school students,
over 40% are related to biology, chemistry and environmental sciences.
Each year, 1500 high school students from Serbia, Macedonia, Croatia,
Slovenia, and Bosnia and Herzegovina attend programs at PSC, each
spending an average of 35 days at the campus. A network of associates,
lecturers and peer educators includes nearly 2500 people from over 450
academic institutions and companies. The result of PSC’s programs
include building awarenes on topics related to environmental science and
biology while increasing public understanding of critical and emerging
issues in environmental health. In the context of communicating their
science, students are encouraged to share their ideas and results through
open acess databases as well as in personal or scientific blogs. Additional
activities by our participants include developing school science clubs in
local municipalities as well as organizing science festivals and events
aimed at science communication and outreach to general public.
MP081 Riverpace: Results of a National Survey of Pharmaceuticals
and Personal Care Products in US Rivers and Streams by University
Student Groups
J.C. Becker, M. Bernot, T. Lauer, Ball State Univ / Biology
We collaborated with 26 student groups from universities across the
US to sample 42 sites for pharmaceuticals and personal care products
(PPCPs) in river water and sediments. Our goals were 1) to develop a
national database of PPCP abundance in US freshwater that can be a
foundation for future research and management, and 2) increase awareness of these emerging contaminants nationwide through incorporation
of diverse student groups in sampling and dissemination efforts. PPCPs
were found in 93% of water samples and 56% of sediment samples.
Dissolved concentrations in the water-column were 10-1000x higher
relative to sediment concentrations. The seven most common compounds
were caffeine, carbamazepine, cotinine, sucralose, sulfamethoxazole,
triclosan, and venlafaxine, all present in over 50% of samples. Sucralose
was most common, found in 83% of samples at concentrations up to
12,000 ng/L. Triclosan was found in 50% of samples, with concentrations up to 6,800 ng/L. Most other compounds, when detected, were
found at relatively low concentrations (below 1,000 ng/L). Sites with
higher concentrations of PPCPs tended to have a greater number of
compounds, with three sites having total PPCP concentrations of

12,000 ng/L – 28,000 ng/L and 17 – 18 detectable compounds. Water
column PPCP concentrations were also correlated with sediment PPCP
concentrations, however, characteristics such as sorption coefficients and
octanol-water coefficients were not related to concentrations. There was
a correlation between dissolved nitrate concentrations and total PPCP
concentration, however discharge and ammonium concentration were
not correlated with PPCP concentrations. Refractory compounds such as
sucralose may be good indicators of PPCP contamination in freshwaters,
as there was a correlation with total number of compounds. This study
further confirms the ubiquity of PPCP compounds in aquatic systems
and the influence that urban areas have on downstream receiving waters.
Finally, this study inspired undergraduate and graduate students, as well
as faculty, to continue research on PPCPs in their home regions.
MP082 Informal Communication of Nanotechnology Research: The
Center for Sustainable Nanotechnology Blog
D. Lohse, bbe Moldaenke GmbH; J. Bozich, Univ of Wisconsin–Milwaukee
/ SFS; L. Bishop, Univ of California Berkeley; C. Murphy, Univ of Illinois
Urbana-Champaign; R. Klaper, Univ of Wisconsin-Milwaukee / School
of Freshwater Sciences; J.A. Pedersen, Univ of Wisconsin - Madison / Soil
Science; C. Haynes, Univ of Minnesota; F. Geiger, Northwestern Univ; M.
Krause, Univ of Wisconsin Madison; G. Orr, Pacific Northwest National
Laboratory; R. Hamers, Univ of Wisconsin Madison / Dept of Chemistry
Considering the current pace of advances in science and technology,
there is a pressing need to present cutting-edge scientific developments to
the public in a manner that is easy to access and easy to digest. Blogging
is a relatively new approach to bridging the gap between the pace of
scientific research and the general public’s understanding of current science research frontiers. With billions of people now possessing internet
access around the world, blogs offer a cost-effective and user-friendly
means of reaching a broad range of demographics to increase awareness
of important scientific research and emerging technologies. In addition
to providing an easily-accessible platform to communicate science to
the public, blogging also provides an opportunity for young scientists
to develop their skills for communicating science to a general audience.
Here, we will discuss how the Center for Sustainable Nanotechnology
uses and maintains a blog to effectively communicate scientific research
to general audiences, train young scientists in informal science communication, and engage with the public to answer questions related to the
nanotechnology field.

Environmental Issues Surrounding the Great
Salt Lake
MP083 Evaluation of nutrient and trace element analytical methods
for hypersaline waters: Results from the Great Salt Lake Laboratory
Round Robin
T.D. Hooker, Utah Division of Water Quality
Utah Division of Water Quality (DWQ ) recently developed a Water
Quality Strategy to protect the hypersaline waters of Great Salt Lake
and improve regulatory clarity for permitted discharges to the lake.
Key components involve development of numeric criteria for hypersaline aquatic life and implementation of baseline monitoring to track
changes in lake quality over time. Great Salt Lake (GSL) serves as an
oasis for millions of migratory waterfowl and shorebirds and contributes
over $1 billion to Utah’s recreation- and extraction-based economies.
Transportation causeways limit hydrologic exchange among open water
portions of the lake, resulting in four distinct bays with very different salinities that range from 1% to over 26% (near NaCl saturation).
Salinity controls the ability of distinct groups of resident organisms to
survive and reproduce. The biological composition of each bay varies
from complex invertebrate and planktonic food webs at lower salinity, to
simpler systems controlled by brine shrimp and brine flies at moderate
levels (9 to 17%), to even halophilic bacteria and archaea at the highest
salinities. Few clearly defined water quality goals (as numeric criteria)
exist for the lake because neither freshwater nor marine criteria account
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for the wide range of salinities and specific resident organisms found
there.DWQ initiated bioassay studies to develop numeric criteria for
Gilbert Bay, based on brine shrimp and brine flies that flourish in the 9
to 17% salinity range. Both bioassays and baseline monitoring require
accurate and sensitive analytical methods for quantitation of priority
pollutants. However, high matrix salinity can interfere with the accuracy,
precision and sensitivity of instrument methods, and few labs are set
up for high-precision analyses of hypersaline waters. DWQ established
a laboratory round robin to refine appropriate laboratory methods for
low-level analyte concentrations from hypersaline GSL waters. Six
laboratories joined the study, working on a set of trace metal (Se, As, Cd,
Cu, Pb, Tl, Zn, T-Hg, and MeHg) and nutrient (TN and TP, DN and
DP, and total ammonium-N) analytes at two salinities (12% and 18%).
We highlight several interesting technical issues that arise from creating
artificial hypersaline waters. We also present analytical results for both
parameter sets and matrix salinities, as evaluated for accuracy and precision of analyte concentrations among laboratories.
MP084 Mercury contamination in three lizard species from Antelope
Island in the Great Salt Lake
K. Killian, Westminster College; D. Kimberly, Biology and Environmental
Studies
The Great Salt Lake has historically high levels of mercury with nonuniform deposition throughout Antelope Island State Park. Previous
studies have described mercury concentrations in producers (Periphyton;
0.152 ppm), primary consumers (Brine fly larvae; 0.189 ppm), and
top-level predators (Loggerhead Shrikes; 150 ppm) as well as identified
“hotspots” of high mercury deposition within the island. However, very
little is known about how mercury is transferring throughout the midtrophic carnivores. Lizards on Antelope Island represent secondary and
tertiary consumers that are vital to the structure and function of both
aquatic and terrestrial systems. Importantly, multiple lizard species can
be collected consistently among a diversity of habitats, which may reflect
a range in exposure to mercury. Therefore, the objective of this study
was to sample blood and tissue from three species of lizard (Western
Whiptail, Side-blotched, and Sagebrush) from six sites on Antelope
Island for analysis of total mercury. To do this, we trapped lizards using
passive sampling methods, such as drift-fencing and pitfall traps. Fivegallon pitfall traps were positioned at the end of each 15 m length of
drift fence, using a total of six lengths at each site. Captured adult lizards
were identified, measured, weighed, and sexed before being sampled for
blood and tissue. Approximately 160 µLof blood was collected from the
caudal vein just below the vent using a 10 mm incision from each adult
lizard. We also took a 10 mm tail clipping to compare multiple tissue
types. Preliminary data for Western Whiptail lizards (n = 27) shows
average total mercury in blood to be 0.113 ± 0.046 ppm. Furthermore,
females had significantly higher blood total mercury concentrations than
males (0.142 ± 0.031 and 0.076 ± 0.017 ppm, respectively). Interestingly,
Western Whiptail lizards have lower total mercury concentrations compared to primary consumers. Further analysis should elucidate whether
this is a trend or a characteristic of individual species. While study of
other species and sites is ongoing and upcoming, we can suggest that
mercury in biota is elevated and is transferring throughout trophic levels
on Antelope Island.
MP085 Seasonal and longitudinal dynamics of targeted contaminants
of emerging concern in East Canyon Creek, Park City, Utah, USA
S. Haddad, S.R. Burket, Baylor Univ / Environmental Science; W.C. Scott,
Dept of Environmental Science; G. Saari, Baylor Univ; K. Chambliss,
Baylor Univ / Dept of Chemistry; M. Luers, Snyderville Basin Water
Reclamation District; C. Rogers, Carollo Engineers; B.W. Brooks, Baylor
Univ / Dept of Environmental Science
Environmental monitoring results for pharmaceuticals and personal care
products (PPCPs), endocrine disrupting compounds and other contaminants of emerging concern (CECs) are increasingly reported in the
peer-reviewed literature. However, instream attenuation and seasonal
dynamics of such observations are rarely studied, particularly for semiarid streams with flows influenced by seasonal snowmelt and municipal
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effluent discharges. Translating observations of CECs in surface water
to risks posed to aquatic life remains challenging. Herein, fish plasma
modeling appears to provide a useful approach to identify concentrations of pharmaceuticals in surface water that may increase risk to fish
when internal fish plasma levels approach human therapeutic (Cmax)
and side effect doses. We selected East Canyon Creek, Park City, Utah,
USA, because it experiences yearly snowmelt and thus has higher flows
in spring, which dilutes reclaimed wastewater discharge, but experiences
lower and increasingly effluent-influenced flows during summer and fall
months. The primary objective of the current study was to evaluate longitudinal gradients of select pharmaceuticals and other CECs in surface
waters upstream and at incremental distances downstream (0.15, 1.44,
and 13 miles) from an effluent discharge to East Canyon Creek, Park
City, Utah, USA. This gradient was then sampled during spring, summer
and fall 2014 to determine whether contaminant levels were differentially attenuated and responded to seasonally variable instream flows.
A secondary objective was to examine potential risks of pharmaceutical
exposure to brown trout (Salmo trutta). Brown trout plasma was collected
following field collection from each location by backpack electrofishing. Isotope dilution LC/MSMS was used for the quantitation of target
analytes in surface water, effluent and fish plasma samples. The tricyclic
antidepressant amitriptyline, the selective serotonin reuptake inhibitor
fluoxetine and its primary active metabolite norfluoxetine were generally
predicted from water concentrations within an order of magnitude of the
observed internal dose levels in brown trout. Levels of amitriptyline were
specifically observed within one order of magnitude of its corresponding
human Cmax in fish plasma during lower flows associated with the fall
sampling event. Unfortunately, the bioaccumulation dynamics or toxicological implications of such observations are not understood but warrant
additional study.
MP086 Spatio-temporal bioaccumulation and trophic dilution of
pharmaceuticals in East Canyon Creek, Park City, Utah, USA
S. Haddad, S.R. Burket, Baylor Univ / Environmental Science; W.C. Scott,
Dept of Environmental Science; G. Saari, Baylor Univ / Environmental
Science; K. Chambliss, Baylor Univ / Dept of Chemistry; M. Luers,
Snyderville Basin Water Reclamation District; C. Rogers, Carollo Engineers;
B.W. Brooks, Baylor Univ / Dept of Environmental Science
Pharmaceutical bioaccumulation has been documented in inland waters
and estuaries. However, an understanding of the spatial and temporal
patterns of pharmaceutical accumulation and trophic transfer has not
been examined. Herein, traditional approaches to understand and predict
exposure and effects of nonionizable organic contaminant classes are not
appropriate for ionizable pharmaceuticals. In the current study, we examined longitudinal instream influences on bioaccumulation and trophic
transfer of select pharmaceuticals and other contaminants of emerging
concern in biota at incremental distances downstream (0.15, 1.44, and
13 miles) from an effluent discharge to East Canyon Creek, Park City,
Utah, USA. We further studied whether instream flows of East Canyon
Creek, which temporally respond to snowmelt, altered patterns of bioaccumulation and trophic transfer during spring, summer and fall sampling
events. Isotope dilution LC/MSMS was used for the quantitation of
target pharmaceuticals in periphyton, benthic invertebrate, sculpin and
brown trout tissue samples. Stable isotope data was collected by IR/MS,
and then use d to determine trophic positions. Trophic magnification
factors (TMFs) were calculated to examine whether target pharmaceuticals resulted in trophic magnification or trophic dilution during
different seasons and at different distances from the discharge. Trophic
dilution was observed for all ionizable pharmaceuticals examined, which
suggested that inhalational uptake rather than diet was the primary
route of exposure to brown trout. Results of the current study emphasize
the significance of characterizing pharmaceutical bioaccumulation in
relation to point source discharges and seasonal variability of instream
flows. Such considerations will be important during future ecological risk
assessments of ionizable contaminants.
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Assessing Risks of Pesticides to Federally
Listed (Threatened and Endangered) Species
at a National Level
MP087 A national scale threatened and endangered species risk
assessment process to prioritize assessment refinements for insecticide
use patterns
M.E. Kern, Waterborne Environmental, Inc. / Ecotoxicology; N. Snyder,
Waterborne Environmental, Inc.; A. Barefoot, M.J. Holliday, DuPont Crop
Protection
A national scale endangered risk assessment requires consideration of
a large amount of effects and exposure data related to over 1500 listed
species. An efficient and pragmatic tiered approach offers a means of
effectively focusing risk management efforts on species at greatest risk
while minimizing resources expended on those not at risk from a pesticide. Without effective screening, these assessments may overwhelm
the available resources and limit the ability to adequately protect species
from stressors that pose the greatest risk to their continued existence and
recovery. Screening level risk assessments can be very effective in this
prioritization process at the initial steps, provided the methods allow
for the incorporation of reasonable descriptions of habitat and effects.
In these generally protective initial steps, the assessment endpoint
should consider the overall protection goal and the result of combining
protective effects and exposure methods. Once an effective screening
assessment has been completed, more sophisticated methods can be
applied to provide a better risk characterization and increased certainty
around risk conclusions for cases where the potential for risk has been
established. The selection of effects data, exposure modeling estimates
and geospatial species and use site locations should be directed towards a
risk characterization that gives a risk manager an index for the likelihood
and significance of an estimated effect on the species. We present a novel
tiered approach designed to integrate established endangered species risk
assessment methodologies, knowledge from FIFRA risk assessments and
higher risk analysis techniques. Examples are incorporated to illustrate
these methods and to move the evaluation towards a probabilistic expression of risk relevant to listed species.
MP088 Ecological Risk Assessment for Threatened and Endangered
Species following Pesticide Applications
J.P. Sullivan, Ardea Consulting; B.E. Sample, Ecological Risk, Inc; S.
Burkholder, Blankinship Associates Inc; D. Bonnar,
When conducting a risk assessment for pesticides with a focus on
threatened and endangered species, the generic methods common to
regulatory risk assessments are not adequate. The methods for threatened
and endangered species were developed for an assessment completed for
a statewide pest control program in California USA. Rather than estimating risk for generic species with simple diets, methods are presented
to evaluate risk using species-specific diets comprised of a mixture of
dietary components. Models developed by USEPA were capable of estimating the individual environmental concentrations necessary to assess
exposure following pesticide applications. However, existing methodologies employed by USEPA did not allow complex diets be modeled, as
necessary in this assessment. By linking the various existing Excel-based
models together in a single Excel workbook, complex diets consisting
of both terrestrial and aquatic food items could be modeled and a more
detailed assessment performed. Risk quotients were calculated based
exposure from complex diets compared to toxic reference values.
MP089 Permethrin Drift from Truck Application Routes into the
Habitat of an Imperiled Butterfly Taxon
T.A. Bargar, USGS / The Wetland and Aquatic Research Center; M.L.
Hladik, USGS / California Water Science Center; C. Anderson, US Fish and
Wildlife Service / Key Deer National Wildlife Refuge
Permethrin is applied by truck along roadways in the Florida Keys
for the control of adult mosquitoes. Many of the roadways along
which the applications occur (routes) are in close proximity to wetland

habitat for the imperiled sawgrass skipper butterfly (Euphyes pilatka).
Contamination of the butterfly’s larval host plant (sawgrass – Cladium
jamaicense) as a result of those applications is a concern for resource
management agencies charged with conservation of this butterfly taxon.
As part of a project to learn more about the factors affecting skipper
butterfly populations, sawgrass was collected for analysis of permethrin
residues for comparison with indicators of butterfly presence as well as
for determination of drift distance from the routes. Sawgrass samples
(3.5-6.4 g) were collected from 57 randomly selected locations in January
2015 (during the low mosquito season) and analyzed. Permethrin
concentrations ranged from less than the MDL (0.2 ng/g) to 16 ng/g.
The period between the sample collection date and the most recent truck
application date ranged from 23 days to > 4 months, while the distances
from the sample collection locations and the closest route along which
an application occurred within the prior 4 months ranged from 26-1200
m. Preliminary analysis of the data reveals an inverse exponential
decline of permethrin residues with increased distance from the nearest application route and time (days) since the most recent application.
Additional permethrin residue data to be collected in June 2015 during
the high mosquito season will be combined with the January 2015 data
to determine if the previously observed relationships are consistent. We
anticipate that these data will contribute towards estimation of buffer
zones between routes of permethrin application by truck and habitat
critical for conservation of imperiled terrestrial taxa.
MP090 Refined aquatic exposure methods for species focused threatened and endangered species risk assessments
N. Snyder, K. Wright, J. Amos, Waterborne Environmental, Inc.; A.
Barefoot, DuPont Crop Protection
Standard tiered exposure methods allow for screening level deterministic
risk assessments in the FIFRA framework. With additional sensitivity
endpoints established for threatened and endangered species, the standard tools, even when refined with aquatic bins, often lead to unresolved
risk concerns. Several case studies will be presented that use species specific data on habitat and biology to establish refined exposure estimates
relevant to the listed species for use in a species focused ecological risk
assessment. Species in groups such as cave dwelling aquatic invertebrates,
river mussels, and isolated vernal pool systems require different aquatic
exposure tools (leaching models, watershed scale models, edge-of-field
models with downstream dilution, etc.) and an integration of these tools
with species focused landscape refinements, knowledge of proposed uses
and the incorporation of existing federal protections. The refined exposure estimation, integrated with surrogate species dose response curves
or species sensitivity distributions for multiple surrogates, results in a
species focused probabilistic risk expression.
MP091 Selection of Effects Data for National Scale Pesticide
Endangered Species Assessments
M.E. Kern, Waterborne Environmental, Inc. / Ecotoxicology; K.E. Kapo,
Waterborne Environmental, Inc.; A. Samel, DuPont Crop Protection /
Ecotoxicology
The selection of appropriate toxicity endpoints used in an endangered
species risk assessment is a critical phase in the analysis. A significant
amount of toxicity data for non-target species is generated to support regional and global pesticide registrations as required by multiple
regulatory authorities. Additionally, data from peer reviewed literature
may also be available that can be used in the effects characterization.
Determining a method for how this data will be considered prior to
starting the assessment can is essential. A species surrogacy analysis
can be one effective tool in selecting toxicity data that is most relevant
for use in risk assessment for federally listed species. The core of this
analysis is to make taxonomic associations between the species used in
available toxicity studies with those listed species being considered in
the assessment. This involves organizing listed species and laboratory
species taxonomically and matching those species with the greatest
taxonomic similarities. This analysis provides a better alternative to
simply selecting a single laboratory species to represent the assumed
toxicity of large groups of listed species. As part of this analysis, the
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relevance of experimental designs used for the toxicity studies should be
considered prior to making species surrogacy conclusions. Information
such as route of exposure, study duration, concentration/dose tested,
endpoints measured and dose response relationships must all be considered. Additionally, species habitat requirements and other life history
characteristics can be evaluated to help define species surrogacy assignments. Scientific judgment and data quality assessments are required
to select surrogate toxicity data that best represents listed species in the
endangered species risk assessment. Where possible, uncertainty in surrogacy assignments should be captured in the analysis. This presentation
provides an example of how such methodology can be incorporated into a
national-scale endangered species assessment.
MP092 Species focused co-occurrence and proximity analysis for
refined terrestrial exposure estimates for threatened and endangered
species risk assessments
J. Amos, N. Snyder, M.L. Sebasky, Waterborne Environmental, Inc.; H.
Ochoa-Acuna, DuPont Crop Protection / Veterinary Pathobiology
According to USEPA and the Services, endangered species (ES) assessments for plant protection products (PPP) must start by identifying an
action area where exposure is possible. Screening level datasets used in
these co-occurrence or proximity analyses may lead to unresolved risks
in deterministic risk assessments. Therefore, these multi-species assessments across many taxa require robust and efficient data and resource
management. Spatial analyses require use of reliable species location and
PPP use patterns, as well as refinement options to address overlap where
specific habitat requirements (such as cave dwelling) allow one to refine
exposure potential. A case study is presented to highlight areas of needed
improvements in spatial data, including species ranges based on USFWS
Critical Habitat spatial data and NatureServe elemental occurrence
(EO) data, as well as pesticide use areas. Species-specific physical and
biological descriptors were used to define habitat in the absence of spatial
location data or to refine habitat when species range extends beyond
the primary constituency elements. Multiple years of crop location data
coupled with habitat locations were used to establish probabilities of
species’ occurrence in locations of potential exposure in a representative
year, or all years taken together (worst case). The relative proportion of
suitable habitat in relation to urban and agricultural uses can be used to
prioritize efforts when dealing with large number of species. Drift distance relationships may be used to express exposure spatially that, when
integrated with dose response curves, allow for the creation of joint probability curves for individual habitat units or species total habitat areas.
All these tools and refinements need to be included in a streamlined,
hopefully more or less automated approach for the efficient, multi-tiered
assessment of risks to ES populations from use PPPs under normal field
conditions.

Novel Mechanisms of Nanomaterial
Toxicity Through Direct Exposure and
Indirect Interactions with Environmental
Constituents
MP093 Effects of Acute Exposure to Nanoparticulate Metals on the
Microbiome of Zebrafish (Danio rerio)
L. Carrigee, Univ of New Orleans / Integrative Biology; R.J. Griffitt, Univ
of Southern Mississippi / Coastal Sciences
Production and utilization of commercial products containing metallic
nanoparticles have dramatically increased in recent years, prompting
researchers to investigate their effects on environmental systems. While
the primary effect of metallic nanoparticles to aquatic species has been
relatively well characterized, very little attention has been paid to the
potential secondary toxic effects, particularly alteration of intestinal
microbial communities in the host fish. The intestinal microbiome has
recently been shown to be of high importance to maintaining health
status of many organisms, including aquatic species. Recent research
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has shown that zebrafish exposed to metallic nanoparticles accumulate these particles in tissue and display adverse effects such as altered
gill ultrastructure, gene expression, and mortality. As many metallic
nanoparticles are known to have strong antimicrobial properties, we
hypothesized that the uptake of nanoparticles by zebrafish may disrupt
the endogenous microbiota. Zebrafish were exposed to two sublethal
concentrations of nanocopper and nanosilver for 48h, and the intestines
removed and the microbiome population structure was assessed via 16S
sequencing. By comparing control and treated microbial community
structures, we were able to investigate which bacterial populations were
affected. The results of this research could provide important ecological
information about the potential secondary effects of metal nanoparticulate pollution in water systems.
MP094 Effects of TiO2 nanoparticles dietary exposure on Drosophila
melanogaster survival, fecundity, pupation, and antioxidative genes
expression
B. Jovanovic, Ludwig Maximilians Univ of Munich / Fisheries Biology and
Fish Diseases
For the first time in current scientific literature Drosophila melanogaster
was exposed to the human food grade of E171 titanium dioxide (TiO2)
nanoparticles. D. melanogaster larvae were exposed to 0.002 mg mL-1,
0.02 mg mL-1, 0.2 mg mL-1, and 2 mg mL-1 of TiO2 in feeding
medium, and the survival, pupation time, fecundity, accumulation, and
expression of genes involved in oxidative stress response were monitored.
TiO2 did not affect survival but have significantly increased larvae time
to pupation. Expression of gene for catalase was markedly downregulated
by the treatment, while the effect on the downregulation of superoxide
dismutase 2 was less pronounced. ICP-MS analysis revealed that D.
melanogaster late third instar larvae accumulated 1002 ± 105 µg g-1 body
weight of TiO2 after 4 days exposure to 2 mg mL-1 TiO2. However,
there was no difference in the titanium content of the adults emerging
from TiO2 treated larvae when compared to the control. This means that
the TiO2 load was not transferred from pupae to adults. Fecundity of
D. melanogaster was unaffected by the treatment. Two individuals with
aberrant phenotype similar to previously described gold nanoparticles
induced mutant phenotypes were detected in the group exposed to TiO2.
MP095 Examination of the interactions of fish gastrointestinal and
plasma proteins with single-walled carbon nanotubes using near
infrared fluorescence
H.M. Crosby, Univ of Florida; S.E. Robinson, Univ of Florida /
Environmental and Global Health; C. Lavelle, Physiological Sciences; L.
Ferguson, Pratt School of Engineering / Dept of Civil and Environmental
Engineering; J.H. Bisesi, Univ of Florida / Environmental and Global
Health; T. Sabo-Attwood, Univ of Florida / Dept of Environmental Global
Health
Single-walled carbon nanotubes (SWCNTS) have become one of the
most commercially important nanomaterials in recent years which has
raised concerns regarding their potential impacts on environmental
health and safety. The hydrophobic nature of these materials indicates
that they are likely to be associated with sediments and biota which
suggests that dietary routes are the most relevant exposure scenario for
aquatic organisms. Feeding studies performed by our group with fathead
minnows (Pimephales promelas) have shown that these materials are not
overtly toxic and are likely not absrobed through the gastrointestinal
system. But examination of the expression of genes involved in nutrient
transport and processing in the intestine showed similar patterns to fish
that have been starved which suggests that SWCNTs may be interacting
with proteins in the gastrointestinal system and rendering them unavailble for absorption. To test this hypothesis we have developed a method
that examines interactions of proteins with SWCNTs by measuring fluorscence in the near infrared (NIR). Pristine semiconducting SWCNTs
with specific electronic structures exhibit fluorescence in the NIR which
is highly depended on aggregation state and surface coating. Interactions
of specific proteins with SWCNTs cause measureable changes in spectral
output as a result of changes in NIR fluoresence. Comparisons of fluorescence spectra between multiple SWCNT-protein mixtures can give an
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indication of the extent of these interactions. SWCNTs were mixed with
plasma and gastrointesinal proteins including bovine serum albumin
(BSA), fetal bovine serum (FBS), largemouth bass plasma, vitellogenin,
pepsin, mucin, trypsin, and chymotrypsin for 2 hours followed by measurement of NIR spetra of mixtures. Initial results indicate SWCNTs do
effectively sorb plama and intestinal proteins which points toward a novel
mechanism of toxicity for these materials.
MP096 Exposure of Arabidopsis thaliana to Zero-valent Iron
Nanoparticle Induces the Enhancement of Biomass as a Result of
Promoted Photosynthesis
H. Yoon, J. Kim, Pohang Univ of Science and Technology; J. Kim, Pohang
Univ of Science and Technology / School of Environmental Science and
Engineering; Y. Chang, Pohang Univ of Science and Technology
Continuous release of engineered nanoparticles (ENPs) has been an
issued over the past decade. In the light of this, a great effort has been
made to figure out the fate and effects of ENPs. From bacteria to
human cells, a large variety of species have been employed in the related
research. In case of plants, a large number of studies have investigated
to figure out its fate represented by uptake and translocation. However,
the information which has been provided without understanding of
complex physiological system is limited to explain the effect of MNPs.
Nano zero-valent iron (nZVI), that is one of the most dominant ENPs
in the environmental industry, has been extensively used in the contaminated sites because of the outstanding performance. Also, it is the
sole ENPs that can be injected into the subsurface intentionally and
dispersed unconfined aquifer with groundwater flow, possibly approaching to terrestrial organisms. However, contrary to usage of thousand
tons of nZVI, study focusing on the effects of plants to nZVI is still
limited. Here, we found that exposure of Arabidopsis thaliana to nZVI
triggered plasma membrane H+-ATPase activity. The increase in activity caused a decrease in apoplastic pH and wider stomatal aperture.
Analysis of gene expression indicated that the transcriptional levels of
the H+-ATPase isoform responsible for stomatal opening, AHA2, were
5-fold higher than in unexposed plants. The global ecosystem, one of the
most important roles of plants is photosynthesis that providing O2 while
absorbing CO2. Since photosynthesis is regulated by stomatal aperture,
these results can be one of the eco-friendly ways to reduce atmospheric
CO2. For this to be applied, we measured the enlargement of biomass
and leaf area of plant exposed to nZVI were compared with that of the
unexposed. Also, we demonstrated the enhanced the CO2 assimilation
rate using gas-exchanged system (LI-6400) and carbon isotope analysis.
This studies will provide the appropriate elucidation of physiological,
biochemical and mechanism of ENPs and new insights into the interpretation of the interactions between plants and ENPs.
MP097 Impacts of fish gastrointestinal system pH on single-walled
carbon nanotube-ethinyl estradiol sorption behavior
T. Ngo, Univ of Florida / Environmental and Global Health; B. Castillo,
Univ of Florida / Applied Biology Program; C. Lavelle, Physiological
Sciences; S.E. Robinson, Univ of Florida / Environmental and Global
Health; N.B. Saleh, Univ of Texas / Dept of Civil Architectural and
Environmental Engineering; L. Ferguson, Pratt School of Engineering /
Dept of Civil and Environmental Engineering; N.D. Denslow, Univ of
Florida / Physiological Sciences; T. Sabo-Attwood, Univ of Florida / Dept of
Environmental Global Health; J.H. Bisesi, Univ of Florida / Environmental
and Global Health
The eventual release of single-walled carbon nanotubes (SWCNTs) from
industrial and comercial products has led to concerns over their impacts
on environmental health and safety. These materials also exhibit high
soprtion affinity for hydrophobic contaminants that may already be
present in aqautic environments. While it has been hypothesized that
these interactions may reduce oral bioavailbility, recent evidence from
our laboratory suggests that sorbed contaminants may still be bioavailable. The synthetic estrogen, ethinyl estradiol (EE2), sorbs to SWCNTs
with high affinity, but these mixtures still cause binding and activation
of the estrogen receptors in vitro, indicating that sorbed EE2 maintains
bioaactivity. The mechanisms underlying these findings are not clear

but it is hypotheized that factors such as ionic strength and pH may
influence sorbtion affinity of EE2 in vitro. To determine if these factors
influence sorption affinity of SWCNTs for EE2, the binding kinetics of
SWCNTs and radiolabeled E2 were tested under varying ionic strength
and pH environments. Additionally, the bioavailbility of EE2 sorbed
to SWCNTs was tested in vivo under two different gastrointestinal
environments, the stomachless pH neutral fathead minnow (Pimephales
promelas), and the low pH stomach of the larmouth bass (Micropterus
salmoides). Mixtures of SWCNTs and sorbed EE2 were administered via
oral gavage and hepatic vitellogenin mRNA expression was measured as
a biomarker of EE2 exposure. Initial results indicate that in vivo, EE2 is
still bioavailble under the acidic conditions of the LMB gastrointestinal
environment indicating that pH plays an important role in the sorption
kinetics of these two contaminants. Results from this study futher our
understanding of interactions of SWCNTs and contamiants already
present in our aquatic environments which is essential for determining
the potential organism and ecosystem health risks of these materials.
MP098 Size and functionalization of nanodiamonds induces oxidative stress, lipid peroxidation and antioxidant gene expression in the
gut of Daphnia magna
G.A. Dominguez, Univ of Wisconsin Milwaukee / School of Freshwater
Sciences / Facultad de Ingeniería Marítima Ciencias Biologicas Oceanicas
y Recursos Naturales; M. Torelli, R. Hamers, Univ of Wisconsin Madison
/ Dept of Chemistry; R. Klaper, Univ of Wisconsin-Milwaukee / School of
Freshwater Sciences
Engineered nanomaterials are considered a group of emerging contaminants whose effects on specific biological functions in aquatic
invertebrates have yet to be clarified. In this study we focused on the
effects of functionalized diamond nanoparticles (DNPs) with the cationic polyelectrolyte polyallylamine hydrochloride (PAH) and oxidized
DNPs on oxidative stress and membrane lipid peroxidation in the gut
of the freshwater crustacean, Daphnia magna, which regularly ingests
small particles from the environment. Daphnids were exposed to sublethal concentrations of two different sizes (5nm and 15nm) of DNPs
for 24 and 48 hours. We found that both sizes of PAH_DNPs induced
significantly greater generation of reactive oxygen species (ROS) than
the oxidized DNPs. However, the larger 15 nm PAH-DNPs at 50 ppb
stimulated gut cells to generate more ROS than 5nm PAH-DNPs. Lipid
peroxidation of gut cell membranes was also greater after a 48-hour
exposure for PAH_15nm DNPs at 50 ppb. Overexpression of glutathione-S-transferase, catalase, and heat shock protein 70 genes in response
to 15nm PAH-DNPs was significant indicating that the antioxidant
system mounted a response to the toxic effects of high DNP concentration and longer time exposure. The outcomes of this study clearly reveal
that functionalized DNPs could cause oxidative stress and may initiate
lipid peroxidation of gut cell membranes in freshwater organisms. In
addition size plays a role in the interaction of nanoparticles with the gut
membrane in daphnids.
MP099 Systematic Analysis of Silver Nanoparticle-Induced
Mitochondrial Toxicity: Size-Specific and Coating-Specific Effects
L. Kubik, J.N. Meyer, Duke Univ / Nicholas School of the Environment
The endosymbiotic theory states that mitochondria within eukaryotic
cells descended from bacteria. There are indeed multiple phylogenetic
similarities and associated physiological mechanisms that bacteria and
mitochondria have in common. Because silver nanoparticles are widely
used in consumer products as an antimicrobial agent, the mitochondrion
is a plausible intracellular target of silver nanoparticles. The relationship
between silver nanoparticle exposure and mitochondrial toxicity remains
largely unexplored. This study utilized C. elegans mutants deficient in
mitochondrial homeostasis and mitophagy to screen silver nanoparticles
for associated mitochondrial toxicity. The experimental design allowed
for systematic analysis of a particle-size effect and particle-coating effect.
0.0-2.0mg/L of 10nm and 30nm polyvinylpyrrolidone-coated (PVP10
and PVP30, respectively) and 6nm and 25nm gum arabic-coated
(GA6 and GA25, respectively) silver nanoparticles were assessed. Of
the nanoparticles tested, the smaller nanoparticles (GA6 and PVP10)
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caused significant growth delay in wild type and mitochondrial mutant
strains of C. elegans at 48h, whereas the larger silver nanoparticles did
not (Kruskal-Wallis test with Dunn’s post-hoc test for comparisons
between control and exposed worms within each strain). These results
suggest that smaller silver nanoparticles may be exerting primary toxic
effects on mitochondria, since delayed growth in C elegans correlates
well with decreased mitochondrial function. Because a similar growth
delay effect was found in wild type and all mutant strains tested (pink-1,
pdr-1 (mitophagy mutants); drp-1 (fission mutant); eat-3, fzo-1 (fusion
mutants)), subsequent experiments utilizing Seahorse instrumentation
to analyze mitochondrial function in wild type C. elegans are currently
being performed; GA6 and PVP10 are hypothesized to cause decreased
mitochondrial function in direct comparison to GA25 and PVP30.
MP100 The fish gastrointestinal system as a toxicant target:
Identification of novel toxic mechanisms of nanomaterials and legacy
pesticides using RNAseq
J.H. Bisesi, T. Ngo, Univ of Florida / Environmental and Global Health; C.
Lavelle, Physiological Sciences; S.E. Robinson, Dept of Environmental and
Global Health; N.D. Denslow, Univ of Florida / Physiological Sciences; T.
Sabo-Attwood, Univ of Florida / Dept of Environmental Global Health
Single-walled carbon nanotubes (SWCNTs) are emerging as a commercially and technologically important nanomaterials in research and
consumer industries. This increased use of SWCNTs has led to calls
for reliable data on their fate and biotoxicity to better evaluate their
environmental impacts and potential health effects. An increasing body
of evidence indicates these materials are quite hydrophobic and are likely
to associate with sediments and enter aquatic food webs through dietary
routes. But fish gastrointestinal systems have received little attention as
a potential target of both nanomaterials as well as other legacy contaminants. Previous research from our labs has shown that direct exposure of
SWCNTs to the GI tract of fish via gavage did not cause overt toxicity
and using near-infrared fluorescence (NIRF) imaging we were able to
determine that SWCNTs are not absorbed. But differential expression of genes associate with nutrient transport and processing (PEPT1,
PEPT2, CCK, LPL) in intestinal tissues indicated that these materials
are likely to interact with nutrients in the GI decreasing their availability for uptake. Additional studies indicated that fish exposed to a
mixture of SWCNTs and ethinyl estradiol (EE2) through oral gavage
showed decreased VTG expression, which points to SWCNT sorption
decreasing the bioavailability of EE2. While these observations begin
to shed light on potential mechanisms of action of SWCNTs in the
fish gut, there is limited information regarding contaminant impacts
on genes relevant to fish gastrointestinal biology. To identify potential
mechanisms of toxicants on the fish gastrointestinal system, largemouth
bass were exposed to two different classes of hydrophobic contaminants
through diet: SWCNTs and p’p’ DDE, both alone and in mixtures.
Nanomaterial movement through the intestine was tracked using NIRF
while p’p’ DDE bioavailability and uptake was measured by GC-MS.
Differential expression patterns of the stomach and intestinal transcriptome of exposed animals was quantified using RNAseq. Results from
these studies will expand our knowledge of how aquatic contaminants
impact gastrointestinal systems as well as determine how interactions
between SWCNTs and an important legacy pesticide may alter known
mechanisms of toxicity. This data is essential for assessment of the risks
of nanomaterials in more complex environmental scenarios.
MP101 Toxicity effects of metal-based nanoparticles towards two
estuarine invertebrates: Scrobicularia plana and Hediste diversicolor
A. Chatel, Université Catholique de l’Ouest / Sciences Environnement;
H. Perrein, M. Bruneau, Université Catholique de l’Ouest / MMS; L.
Poirier, A. Zalouk-Vergnoux, Univeristé de Nantes / MMS; C. Mouneyrac,
Université Catholique de l’Ouest / MMS
Environmental risk assessment of engineered nanomaterials (ENMs)
is an emergent field since nanotechnology industry is rapidly growing
due to the interesting physicochemical properties of the new produced
nanomaterials. The wide expansion of this market implies the increased
presence of ENMs in the worldwide environment, hence toxicity of
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ENMs for the environment represents an emerging issue. The objectives
of this study were to evaluate the fate of metal-based NPs (Ag, Au, CuO,
CdS, ZnO) in the marine environment and their toxicity effects on two
estuarine endobenthic species, the bivalve Scrobicularia plana and the
ragworm Hediste diversicolor. Experiments were conducted under laboratory (microcosms) conditions for CuO NPs, Ag, NPs, Au NPs, ZnO
NPs, CdS NPs and under environmentally realistic conditions in outdoor
mesocosms for CuO NPs and Ag NPs. A set of biomarkers at different levels of biological organization were used to assess NP mediated
toxicity: i) sub-individual level (biochemical biomarkers: oxidative stress,
detoxification, neurotoxicity, apoptose, genotoxicity) to gain insight
into mechanisms of action of metal-based ENPs and ii) individual level
(behavior, feeding rate) for integration in ecological risk assessment.
Results showed that biochemical biomarker responses were significantly
more important in the presence of CuO NPs than in the presence of
soluble Cu. Occurrence of DNA damage was also significantly greater in
S. plana exposed to AgNP compared to Ag soluble form. At individual
level, burrowing impairments were frequently observed in response to
NP exposures of both species with putative consequences at the population level. The overall results converge towards the conclusion that for
certain type of NP there is a strong evidence of a nano-specific effect.
MP102 Viral Interactions with Carbon Nanomaterials in the Aquatic
Environment; Implications for Fish Toxicity
C. Lavelle, Univ of Florida / Physiological Sciences; J.H. Bisesi, Univ
of Florida / Environmental and Global Health; N.B. Saleh, Univ of
Texas / Dept of Civil Architectural and Environmental Engineering; T.
Waltzek, Univ of Florida; T. Sabo-Attwood, Univ of Florida / Dept of
Environmental Global Health
Single walled carbon nanotubes (SWCNTs) are currently being used
in a variety of applications that may result in their release into aquatic
environments. Previous research by our group has shown that while
SWCNTs are not acutely toxic to fish they may cause more subtle sublethal effects based on their ability to interact with various endogenous
and exogenous molecules in the environment and in organisms. The
sorptive properties of SWCNTs have been investigated for use in the
remediation of contaminants and pathogens from aquatic environments,
however the interactions between select pathogens, namely aquatic
viruses, and SWCNTs have not been studied. Furthermore, the toxicological implications of such interactions in fish are unknown. Based on
these notions, we hypothesized that SWCNTs and a model fish virus
will interact in a manner that will sequester and inactivate the virus
mitigating infectivity. We assessed the interactions of pristine SWCNTs
with largemouth bass virus (LMBV) in vitro by exploiting the unique
fluorescent properties of SWCNTs in the near-infrared (NIRF) region
using an optimized NIRF spectroscopic technique. This technique is
highly dependent on the aggregation state and surface coating of the
SWCNTs, therefore interactions with chemical and biological constituents will alter fluorescence. To perform the interaction studies, SWCNT
suspensions, purified viral suspensions, and SWCNT-LMBV mixture
suspensions were incubated for 2 hours at room temperature in modified
water chemistries to mimic conditions commonly found in the environment. Spectra were obtained from suspensions by exciting samples with
a 670nm fiber-coupled laser at 450mW and emission was measured from
800-1500 nm. Spectra were collected in triplicate and integrated to
determine the area under the curve that was used for statistical analysis.
Results to date indicate that SWCNTs interact with LMBV in a way
that may alter viral infectivity. Ongoing studies using electron microscopy and qPCR will determine if this interaction is adsorptive in nature.
Future studies will test the efficacy of this SWCNT-LMBV interaction at limiting LMBV transmission through waterborne exposure and
assessing whether SWCNT toxicity is altered by these interactions.
While the current study primarily focuses on biological interactions with
SWCNTs, the results will have far reaching implications for the potential use of this technology for removal of other aquatic contaminants.
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Fate and Effects of Metals
MP103 Agricultural Land Usage and Detection of Lead in the Cache
River Watershed
M. Kilmer, ASU Ecotoxicology Research Facility; J.L. Bouldin, Arkansas
State Univ / Biological Sciences
Lead (Pb) has been detected above the impairment limit of 2 ppb
(dissolved lead) for several years in the Cache River, Arkansas, leading to its listing as an impaired 303(d) waterway by the Arkansas Dept
of Environmental Quality. While the common cause is thought to
be non-point agricultural runoff, this hypothesis has not been closely
examined. In this study, water and sediment samples were collected from
19 headwater HUC-12 sub-watersheds of the Cache River and analyzed
for the presence of Pb to determine if watersheds with greater agricultural land usage contributed greater amounts of Pb to the Cache River
than watersheds with less agricultural land usage. Aqueous samples were
analyzed for dissolved Pb, total Pb (dissolved+particulate) and sediment
was analyzed for sediment-bound Pb. All samples were digested and
analyzed according to standard EPA methods using graphite furnace
atomic absorbance spectroscopy (GFAAS). Preliminary results indicate that detection frequency and mean concentrations of dissolved and
sediment-bound lead are similar across the Cache River watershed,
regardless of land usage. Mean concentrations ranged from 1.6 to 4.4
ppb for dissolved Pb and 0.7 to 18.0 mg/kg for sediment-bound Pb.
Total lead was detected more frequently in sites with greatest agricultural usage. However, mean concentrations of total lead (range of 3.9 to
13.5 ppb) were not correlated with land usage. Continued data analysis
will examine other factors that could contribute to detection frequency
or measured concentrations of Pb including geographic position in the
watershed, predominant soil types, pH, precipitation and discharge rate.
MP104 As2O3 induces oxidative stress in gill, liver, brain and blood
of Cyprinus carpio
L.G. Bernadac-Villegas, UAEMex / Facultad de Química; A.Y. CorralAvitia, Univ Autónoma de Cd Juárez; D.A. Solis-Casados, UAEMex
/ Facultad de Química; L.M. Gomez-Olivan, UAEMex / Facultad de
Química
Arsenic (As) is a toxic trace element for diverse aquatic species. It is present naturally in water in diverse oxidation states and chemical species.
During its biotransformation, As induces production of reactive oxygen
species, eliciting oxidative stress in diverse organisms. This study aimed
to evaluate As-induced toxicity in brain, liver, blood and gill of the common carp Cyprinus carpio, using the following biomarkers to determine
oxidative stress: hydroperoxide content, lipid peroxidation, protein
carbonyl content and the antioxidant activity of the enzymes superoxide
dismutase, catalase and glutathione peroxidase. Exposure to 0.05 mg
As2O3 L-1 induced changes in biomarkers of oxidative stress as well as
antioxidant activity in all tissues evaluated (P< 0.05), this damage being
most evident in liver. The biomarkers used in this study are useful for
early detection of As-induced toxicity in fish.
MP106 Daphnia magna immobilization assay application to toxicity
of metal sulfate and the effect of chelate in medium
T. Abe, Material Science and Technology; C. Abe, National Inst of
Technology, Tsuruoka College / Dept of Chemical and Biological Engineering;
S. Ito, National Inst of Technology, Tsuruoka College / Technical Support
Center
Various metal salts exist in environment, their come from not only natural source but also artificial source. We expect that the metal salts also
affect organisms (for example the metal ion). Since metal sulfate is one of
the forms which are stabilized as for a metal salt. Sulfuric acid is one of
the most important reagent in industrial chemistry and good applications
for oil refining, wastewater processing, and mineral extraction. And sulfate salts play important role in sulfur cycle. Therefore, the toxic strength
of metal sulfate is investigated by Daphnia magna immobilization assay.
Lithium sulfate (Li2SO4), sodium sulfate (Na2SO4), potassium sulfate
(K2SO4) rubidium sulfate (Rb2SO4), and Cesium sulfate (CsNO3)

are used as test reagent. D. magna immobilization test was carried out
based on OECD Guidelines for the Testing of Chemicals (TG202). 20
neonates within 24 hours old were placed into M4 medium (exposure
and control) under constant temperature (20±2?). The neonates were
observed at 24 and 48 hours after exposure and the number of affected
and survived neonates were recorded. The EC50 in M4 medium was 68.8
mg Li2SO4 / L, 6218 mg Na2SO4 / L, 706 mg K2SO4 / L, 82.0 mg
Rb2SO4 / L, and 59.3 mg Cs2SO4 / L. The EC50 in M4 medium without EDTA was 72.2 mg Li2SO4 / L, 6887 mg Na2SO4 / L, 737 mg
K2SO4 / L, 77.7 mg Rb2SO4 / L, and 64.3 mg Cs2SO4 / L. Chelate
formation constant (logKf) did no correlate with the EC50s variation.
Both of the EC50s in M4 medium and the EC50s in M4 medium without EDTA were almost same value. These results suggest that chelate
less affect to sulfate metals’ Daphnia inhibition.
MP107 Detection of Lead (Pb2+) in the Lower Cache River
Watershed, AR
C.A. Rosado-Berrios, J.L. Bouldin, Arkansas State Univ / Biological Sciences
Lead (Pb2+) is a nonessential metal of great concern due to its worldwide
presence in the environment as well as its potential effects on animals,
ecosystems and human health. Surface water bodies are not exempt
from the presence of this metal. Among those surface water bodies with
detectable metals is the Cache River Watershed and this is one of the
reasons for its inclusion on the list of impaired waters by Arkansas Dept
of Environmental Quality (ADEQ ). This watershed is also included
in the Mississippi River Healthy Basin Initiative (MRBI) due to high
nutrients and sedimentation. The MRBI includes the development and
promotion of a series of water quality improvement projects. As part of
those improvement efforts, several monitoring projects were developed
to determine the presence and concentration of several metals including Pb2+ within the entire watershed. This Pb2+ monitoring project
focused in the lower section of the Cache River Watershed. This project
monitored the total and dissolved concentration of Pb2+ extended from
January 2013 to July 2014. The samples were collected from seven sites to
monitor five subwatersheds. The water samples collected had measured
dissolved Pb2+ concentrations ranging from 0.0506 µg/L to 13.5274
µg/L, with the highest concentrations detected during the first few
months of the year. Additional monitoring projects are needed to gain
a better view of the distribution of this, and other metals present in the
watershed as well as their source.
MP108 Embryotoxicity of maternally-transferred methylmercury to
fathead minnows (Pimephales promelas)
K. Bridges, B. Soulen, A.P. Roberts, Univ of North Texas / Dept of
Biological Sciences, Inst of Applied Science
Mercury is a ubiquitous environmental contaminant and potent neurotoxin. In aquatic environments, mercury can be transformed into
methylmercury (MeHg), which bioaccumulates in aquatic food webs,
including fish. In addition to exerting neurotoxic effects in adult fish,
MeHg has been shown to cause neurodevelopmental toxicity in embryos
due to transfer from female fish to developing eggs. Here, we evaluate
the effects of dietary MeHg exposure on neurotoxicity in adult fathead
minnows and their offspring. Brain tissue and embryos were collected
from adult fatheads exposed for 30 days to one of three concentrations of dietary MeHg: a control diet (0.02 ppm MeHg wet weight), a
low diet (0.87 ppm MeHg wet weight), or a high diet (5.5 ppm MeHg
wet weight). No effects on spawning frequency, clutch size, or total
egg output were observed. In embryos, MeHg concentration was a
function of female diet and the duration (number of days) of female
exposure. Compared to controls, embryos from the low diet treatment
displayed altered embryonic movement patterns (hyperactivity), as well
as decreased time to hatch. Embryos from the high diet treatment had
delayed hatching and increased mortality compared to the other treatments, and larvae exhibited altered development (spinal deformities) and
behavior (circular swimming patterns). Collectively, these results suggest
maternally transferred mercury may impact survival, behavior, and
developmental milestones of embryo-larval stages of fish.
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MP109 Evaluating the Effects of Groundwater Nitrate/Hexavalent
Chromium on Salmonids in the Columbia River
C.J. McCarthy, CH2M / Environmental Services; M. Elias, USEPA /
Office of Water; R. Zajac, CH2M; J. Hansen, US Dept of Energy / Richland
Operations Office; A. Aly, INTERA Incorporated
The Hanford Reach of the Columbia River contains three salmonid
species listed as Threatened or Endangered under the Endangered
Species Act, the Upper Columbia River spring-run Chinook salmon
(Oncorhynchus tshawytscha), Upper Columbia River steelhead trout
(Oncorhynchus mykiss), and bull trout (Salvelinus confluentus). To assess the
impacts of current and future groundwater discharges from the Hanford
Site, the potential effects of nitrate and hexavalent chromium (Cr(VI))
on the aforementioned species and on fall run Chinook salmon were
evaluated. Detailed reviews were performed on salmonid life cycles,
habitat requirements, and spawning trends within the Hanford Reach of
the Columbia River. Published results of toxicological testing of salmonids exposed to nitrate and Cr(VI) were reviewed relative to temporal
exposure conditions and to life stage of salmonids exposed to discharging groundwater plumes. Data collected from surface water, porewater,
aquifer tube, near shore groundwater, and groundwater sources over
multiple years were reviewed relative to toxicological data applicable for
specific life stages. From this research and analysis, it was concluded that
listed salmonids within the Hanford Reach are not affected by current
or future groundwater plumes. By documenting the strong evidence that
remedy decisions will have no effect on listed species, DOE concluded
that there was no need for a formal biological opinion. This work not
only helped document the sound remedial decision making process,
but allowed for the available resources that would have completed the
biological opinion to be focused where it makes the most difference for
the cleanup efforts.
MP110 Evaluation of Multiple Linear Regression (MLR) Models
for Predicting Chronic Aluminum and Iron Toxicity to Freshwater
Aquatic Organisms
D.K. DeForest, Windward Environmental LLC; K. Brix, Univ of British
Columbia / Zoology; L.M. Tear, R.C. Santore, A.C. Ryan, Windward
Environmental LLC; W.J. Adams, Rio Tinto / Legacy Management
The bioavailability of both aluminum (Al) and iron (Fe) to freshwater aquatic organisms varies as a function of several water chemistry
parameters, including pH, dissolved organic carbon (DOC), and water
hardness. Each of these parameters may individually affect Al or Fe
bioavailability or interact such that the relative influence of one parameter is diminished or enhanced depending on the magnitude of another
parameter. For example, the influence of DOC on Al bioavailability is
greatest at approximately pH 6 and then reduced as pH increases. We
evaluated the ability of multiple linear regression (MLR) models to
predict Al and Fe toxicity to a green alga (Pseudokirchneriella subcapitata), a cladoceran (Ceriodaphnia dubia), and a fish (Pimephales promelas)
as a function of multiple combinations of pH, DOC, and hardness
conditions. Both individual water chemistry terms (pH, ln[DOC],
ln[hardness]) and interaction terms (pH×ln[DOC], pH×ln[hardness],
ln[DOC]×ln[hardness], pH2) were included as independent variables
in the analysis; either EC10s or EC20s were included as the dependent
variable. The Akaike Information Criterion (AIC) was used to tell us
which combination of terms resulted in the best models for predicting
Al EC10s and EC20s for P. subcapitata, C. dubia, and P. promelas. The
MLR models were generally able to predict Al and Fe EC10/20s that
were within a factor of two of observed in >90% of the toxicity tests. The
MLR models were then used to normalize species sensitive distributions
(SSDs) such that Al and Fe HC5 values could be derived for site-specific
pH, DOC, and hardness conditions of interest. The MLR-based HC5
values for Al were compared to those derived from a recently developed
Al BLM. For Fe, we are not aware of any other models where toxicity (or HC5 values) can be estimated as a function of site-specific water
chemistry conditions.
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MP111 Major-Electrolyte Depletion in Daphnia magna Exposed to
Mining-Influenced Water
R.S. Mason, E. Traudt, J.F. Ranville, Colorado School of Mines / Chemistry
and Geochemistry; J.S. Meyer, ARCADIS; J. Williamson, Colorado School
of Mines / Chemistry and Geochemistry; R. Pastorinho, Unive de Aveiro /
Biology
Streams that are classified as Mining Influenced Waters (MIW), generated by the addition of acidity and/or metals, often have severely reduced
species diversity and populations of aquatic organisms compared to reference streams. Because some individual metals (e.g., Cd, Cu, Zn) have
been demonstrated to cause acute lethality via ionoregulatory failure in
laboratory studies, we hypothesized that organisms exposed to mixtures
of metals in MIW die of depletion of major body ions (Ca2+, Mg2+,
Na+, K+). To test this hypothesis, we conducted in situ and ex situ exposures of the aquatic invertebrate Daphnia magna to MIW waters in the
North Fork of Clear Creek (NFCC) in central Colorado. Up to 100%
of caged D. magna placed in impacted reaches of NFCC died within
48 h, depending on location relative to the sources of contamination.
The stream had approximately circumneutral pH (5.7-8.2) and elevated
concentrations of several metals, especially Cu and Zn. Although wholebody concentrations of Na and K in dead organisms were 10- to 20-fold
lower than in survivors, interpretation of the in situ results was complicated by uncertainty about losses of body ions in the time between death
and retrieval. To test if those decreased Na and K concentrations were
caused by exposure to the metal mixtures in the stream or by leaching
of the ions during the potentially long time period between death and
sampling, we exposed D. magna in the laboratory to water collected from
the most-contaminated site on NFCC. Alive and dead organisms were
collected hourly in order to limit the possibility of post-mortem changes
in electrolyte concentrations. On a wet-weight basis, the living D. magna
contained considerably higher whole-body concentrations of Na and K
(~450 and ~300 mg/g respectively) than dead organisms (~100 and ~125
mg/g, respectively), but whole-body Ca and Mg concentrations were
only slightly reduced in dead organisms. Concentrations of Ca, Mg, Na,
and K in dead D. magna left to age in the test water decreased at similar
first-order loss rates and approached stream-water concentrations in
approximately 10 h. The results lend support to an ionoregulatory mechanism of toxicity in invertebrates in NFCC and possibly other MIWs.
We conclude that in in situ experiments, researchers should consider the
possibility of post-mortem equilibration of organisms to the surrounding
water, in which 10 to 20% loss of Ca, Mg, Na, and K can occur within 1
to 2 h after death.
MP112 Maternal Transfer of Essential and Nonessential Metals in a
Thresher Shark
J. Dutton, Texas State Univ / Dept of Biology; V. Venuti, Adelphi University
/ Environmental Studies Program
The majority of studies investigating metal accumulation in marine
organisms have focused on dietary and aqueous exposure routes, and the
importance of maternal transfer has been largely overlooked. This study
investigated the maternal transfer of two essential metals (Cu, Zn), three
nonessential metals (Cd, Hg, Pb), and one nonessential metalloid (As)
in a pregnant common thresher shark (Alopias vulpinus) caught off the
south shore of Long Island, New York, during July 2013 using ICP-MS
(Inductively Coupled Plasma Mass Spectrometry). Thresher sharks are
ovoviviparous, giving birth to 2 to 4 pups after a gestation period of
about 9 months. The female had a curved fork length of 218 cm and the
three pups had a curved fork length ranging from 73 to 82 cm. The concentration of each element in the pup muscle tissue was compared to the
concentration in the female muscle tissue. Cd was below the detection
limit in the female and the pups. As, Cu, Pb, and Zn were found at a
higher concentration in the pup muscle tissue than in the female muscle
tissue, whereas Hg was found at a lower concentration. The female had
the following muscle concentration of As, Cu, Hg, Pb and Zn (µg/g dry
weight): 4.24, 0.86, 4.55, 0.009, and 33.3, respectively. The concentration of As, Cu, Hg, Pb and Zn (µg/g dry weight) in the pups and the
percentage of the female muscle tissue body burden found in the pup
muscle tissue are as follows: 3.74-4.76 (88-112%), 1.06-1.37 (123-160%),
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0.24-0.34 (5.3-7.4%), 0.025-0.067 (282-740%), and 54.5-62.2 (164187%), respectively. The female had a Hg level that was 1.4 times higher
than the Food and Drug Administration (FDA) safety guideline of 1
ppm wet weight (3.3 ppm dry weight) and the pups had a Hg level that
was between 7.3 and 10.2% of the FDA guideline. This study shows that
the importance of the maternal transfer of metals, particularly Hg, in
large pelagic sharks should not be overlooked.
MP113 Modeling Mercury Flow Dynamics and Bioaccumulation
along East Fork Poplar Creek (EFPC) in Tennessee
M. Balaji Bhaskar, Texas Southern Univ / Environmental and
Interdisciplinary Sciences; M. Bevelhimer, M.J. Peterson, Environmental
Sciences Division
Monitoring of mercury (Hg) accumulation in fish has been conducted
in East Fork Poplar Creek (EFPC) inOak Ridge,Tennesseesince 1985
under the Biological Monitoring and Abatement Program (BMAP).
The bioaccumulation of Hg in EFPC fish has proven to be enigmatic
over the past several years, with remedial actions at the industrial facility
in the creek’s headwaters successfully decreasing total Hg concentrations in water, but not resulting in commensurate decrease in fish Hg
concentrations. The primary goal of this project was to develop a model
to understand the Hg loading and distribution in the EFPC watershed.
Specific objectives of the project includes 1) modeling the transport
and fate of Hg through the 20 km stretch of EFPC; 2) to simulate and
analyze the Hg loading from different sources and 3) to evaluate the
outcomes of different possible future scenarios in the region. A simulation model using STELLA™ was developed using an object-oriented
modeling environment to simulate and analyze the Hg loading, distribution and bioaccumulation patterns in the EFPC. The model comprises
of five interactive sectors namely: Water flow, Total Suspended Solids,
Total Mercury, Methyl Mercury and Fish bioaccumulation. These sectors are interlinked and changes in one sector will impact other sectors
through feedback loops between sectors. Key parameters in the model
include erosion, mercury dissolution, methylation factor, and bioaccumulation factor. The STELLA model results showed that in general, the
Hg bioaccumulation increased in downstream reaches of EFPC. The rate
of Hg bioaccumulation depended not only on the erosion and water flow
but also on the rate of Hg dissolution, methylation and bioaccumulation
factors. The model was calibrated to match field results so that alternative situations could be simulated in future. This study suggests that
the model, developed with STELLA, is a useful tool for estimating Hg
dynamics in EFPC.
MP114 Nickel effects on benthic macroinvertebrate community composition in field-contaminated sediments
R.M. Mendonca, D. Costello, Kent State Univ / Biological Sciences; C.E.
Schlekat, NiPERA; C.R. Hammerschmidt, Wright State Univ / Dept of
Earth Environmental Sciences; J.M. Daley, M. Hudson, A. Burton, Univ of
Michigan / School of Natural Resources Environment
Nickel in aquatic ecosystems can be toxic to aquatic invertebrates,
potentially impairing diversity and ecological functions. However, the
cycling and toxicity of Ni is coupled to other elemental cycles that can
limit its uptake by biota. In sediments, reduced sulfur (AVS) and organic
carbon are the primary metal ligands in anoxic environments, while iron
oxides can be an important binding fraction for Ni under oxic conditions.
Sediment geochemistry and binding capacity thus govern Ni partitioning and bioavailability. Our study aimed to assess Ni bioavailability in
sediments exposed to effluent from mining operations in Thompson,
Manitoba, Canada by coupling sediment geochemical characteristics
and Ni speciation to the indigenous macroinvertebrate community.
Benthic macroinvertebrates were collected with petite ponar grabs in 10
locations at two pairs of reference and effluent-exposed sites (Birchtree
and Weir), concurrently with intact sediment cores and overlying water
samples. Sediment cores were separated into surface (top 2 cm, “oxic”)
and deep (bottom 2 cm, “anoxic”) samples for geochemical characterization. Invertebrates were identified to lowest possible taxonomic level
(generally genus) and summarized with common community indices.
Ni bioavailability was assessed through a suite of geochemical analysis

for determination of water column Ni, AVS, organic C, total metals,
Fe-oxides, Fe-bound Ni, and acid extractable Ni in oxic and anoxic layers. Effluent-impacted sites contained high concentrations of sediment
Ni and AVS. Roughly 80% less AVS was observed in surface sediments,
as expected by the instability of reduced sulfur under oxic conditions.
Sediments from both mine sites were geochemically similar in respect
to reduced solid-phase ligands (AVS, organic C), but Weir sediments
had about 9x greater Fe-oxide concentrations. Total abundance did not
significantly differ between reference and effluent-exposed sites, but
mayflies (Hexagenia sp.) were sensitive to sediment Ni. Mayfly relative
abundance significantly decreased with total Ni concentration in surface
sediments at both mine sites. Weir site required more Ni to effectively
reduce mayfly relative abundance by 10% (EC10) than Birchtree, which
indicates the role of Fe-oxides in complexing Ni and limiting its toxicity.
Our results highlight the importance of considering coupled elemental
cycles when predicting benthic invertebrate toxicity to sediment metals.
MP115 Organic Arsenic Trends Naturally Found in Seafood
G.I. Greenberg, Gradient Corporation; I.A. Bamgbose, D.B. Mayfield,
Gradient
Humans and ecological receptors are primarily exposed to arsenic via
seafood consumption. A large proportion of the arsenic naturally occurring in seafood consists of organic forms having generally low toxicity,
while only a small percentage of total arsenic is comprised of the more
toxic inorganic form. With the widespread focus on arsenic (total,
inorganic, and organic) in human and ecological risk assessments, recent
research has been directed towards characterizing arsenic speciation
in seafood. In recent years with improved analytical methods, more
organic arsenic species are being reported. To explore arsenic speciation in seafood, we compiled a database of arsenic measurements (more
than 10,000 unique data points) from 79 peer-reviewed studies and
government surveys. We divided seafood into two categories: finfish
and shellfish. Majority of the arsenic found in fish and shellfish marine
are arsenobetaine (AB) and arsenocholine (AC), a metabolic precursor
of AB. We focused on less studied organic arsenic species monomethylarsenic acid (MMA), dimethylarsinic acid (DMA), trimethyl arsine
oxide (TMA), tetramethyl arsonium ion (TETRA), and arsenosugars.
To the extent possible we looked at trends based on habitat, trophic level,
and species. Based on our initial analysis, as expected, the highest mean
AB concentrations were found in marine fish and shellfish, followed by
freshwater shellfish and anadromous finfish. In freshwater finfish, the
highest mean concentrations were observed for arsenosugars, followed
by AB and DMA. AB weighted mean concentrations increased with
increasing trophic levels for marine fish and shellfish. Conversely, DMA
weighted mean concentrations decreased with increasing trophic levels
for marine fish and shellfish. No other trends based on trophic levels
were observed for the other organic arsenicals. The highest weighted
mean DMA concentrations were found in fish from the Cyprinidae
family (e.g., carp, minnow) and marine crabs (Portunidae family) and
clams (Arcidae and Myidae families). The highest MMA and TETRA
mean concentrations were found in species from the Littorinidae family
(gastropods). While our analysis gives a broad perspective of organic
arsenic concentrations measured in fish and shellfish, the reliability of
some of the analyses are affected by small sample sizes and inconsistent
measurement methodologies.
MP116 Predicting aluminum toxicity as a mixture of effects from dissolved and precipitated metal
R.C. Santore, A.C. Ryan, D.K. DeForest, Windward Environmental LLC;
B.A. Stubblefield, Oregon State Univ / Environmental and Molecular
Toxicology; A.S. Cardwell, Oregon State Univ / Faculty Research Assistant;
W.J. Adams, Rio Tinto / Legacy Management
Aluminum (Al) bioavailability and toxicity to aquatic organisms is
strongly affected by water chemistry. In particular, pH, dissolved organic
carbon (DOC), and hardness can change the observed toxicity of Al
to aquatic organisms resulting in wide variation in observed effects.
These types of bioavailability interactions have been well-described by
the biotic ligand model (BLM) framework in previous applications to
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cadmium, copper, cobalt, lead, nickel, silver, and zinc. The BLM framework for metals considers how chemical changes can impact the chemical
speciation of dissolved metal and the interaction of metal ions with biological surfaces, thereby resulting in changes in metal bioavailability. A
review of Al toxicity data, however, shows that concentrations of Al sufficient to cause toxicity are frequently in excess of solubility limitations.
Al solubility is strongly pH dependent, with a solubility minimum near
pH 6 or 7, depending on temperature and other water chemistry characteristics (e.g., DOC concentrations). Conceptually, the BLM framework
should be a valid description of metal bioavailability when toxicity is a
result of exposure to dissolved Al, but the mechanistic framework needs
to be extended to allow toxicity from a combination of dissolved and precipitated Al. We have developed a modified BLM for Al that considers
Al solubility and combines effects due to dissolved and precipitated Al
when water chemistry conditions indicate that both forms of Al would be
required to reach a specified toxicity effect level. This model determines,
for given chemistry conditions, if the solubility of Al is sufficient for Al
to accumulate at the biotic ligand (BL) to a critical level associated with a
specified toxic effect. In cases where solubility is limiting, a combination
of dissolved and precipitated Al is considered. In these cases, a responseadditivity calculation is performed to determine the predicted effect
concentration that results from both dissolved and precipitated metal.
This approach requires a modified BLM parameter list that includes the
specification of concentration-response relationships based on Al bound
to the BL and on the basis of precipitated Al.
MP117 Using Eichhornia crassipes as an alternative to grow Pleurotus
ostreatus
M. Castañeda Antonio, Benemerita Univ Autónoma de Puebla / Laboratorio
de Ecología Molecular Microbiana; J. De la Cruz Enriquez, Benemerita
Univ Autónoma de Puebla / Facultad de Ciencias Quimicas; D. Martinez
Carrera, Colegio de Postgraduados / Biotecnología de Hongos Comestibles
Funcionales y Medicinales; R. Reyes Portillo, Benemerita Univ Autónoma de
Puebla / Facultad de Ciencias Quimicas; P. Morales Almora, M. Sobal Cruz,
Colegio de Postgraduados / Biotecnología de Hongos Comestibles Funcionales
y Medicinales; A. Munive Hernández, J. Muñoz Rojas, Benemerita Univ
Autónoma de Puebla / Centro en Investigaciones en Ciencias Microbiológicas;
D. Santamaría Juárez, Benemerita Univ Autónoma de Puebla / Facultad
de Ciencias Quimicas; R. Munguía Perez, Colegio de Postgraduados /
Biotecnología de Hongos Comestibles Funcionales y Medicinales
The objective of this study was to determine the feasibility of using
Eichhornia crassipes (water lily) as pasteurized substrate for Pleurotus
ostreatus (mushrooms). The treatments were: traditional farming (straw
only) and straw with Eichhornia crassipes. Heavy metals were analyzed by
flame atomic absorption (Zn, Ni, Cu, Pb, Cd) and the generator hydride
(As, Hg), and organic compounds by gas chromatography coupled with
mass spectrometry. Results: Both substrates showed a translocation of
metals whose risk is high. Mercury (0.085 mg / kg) was detected no
significant differences, but the most important values for arsenic was
0.08 mg / kg in straw, while 0.155 mg / kg for straw and water hyacinth.
Organic compounds found in basidiocarps were ergosterol, limonene,
gluconic acid, malic acid, and water hyacinth compounds not detected
60.4% of 3-methyl amphetamine and 31.5% for dimethyl alphaphenethylamine. Conclusion: E. crassipes can be used as the substrate,
whenever assessed before use by the toxicity of arsenic. Also consider a
potential application in bioremediation.
MP118 A Wetland Case Study: Connecting Toxicity and Chemistry
Through Multiple Lines of Evidence
C. Ray, Ramboll ENVIRON; W.W. Gardiner, Ramboll ENVIRON / Port
Gamble WA; J. Kaspar, Farallon Consulting
Sediment quality guidance values and standards are generally developed
from paired chemical and biological data representing a variety of aquatic
habitats. However the applicability of these standards may be limited in
specialized habitats, such as alpine lakes or small pocket wetlands. Sitespecific factors (e.g., pH, redox potential, sediment grain size, organic
carbon, and AVS binding capacity) can affect metals availability and
toxicity, as well as the ability of chemical criteria to predict a relationship
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between chemicals of potential concerns and toxicity. In such cases a
site-specific approach is necessary to understand the potential impacts
and to define remedial alternatives. Sediments from a small isolated wetland in Yakima, Washington exhibited elevated levels of cadmium with
inconsistent toxicity across the site. Wetland sediments were re-evaluated
using a step-wise approach involving whole sediment bioassays with
sediment chemistry including AVS-SEM, pore-water toxicity testing
and chemistry and finally toxicity identification/reduction evaluations
(TRE) with confirmatory chemistry analysis. Whole sediment bioassays
showed that toxicity was limited to acute toxicity with the freshwater
amphipod Hyalella azteca at one location despite elevated cadmium
concentrations throughout the site. AVS-SEM analysis indicated the
potential for metals toxicity, and the main constituents were Cd, Pb, Zn,
and Mn. TRE manipulations targeting particulates, organics, metals,
and cationic metals further implicated metals, particularly cationic metals such as those identified in the AVS-SEM analysis. Porewater TRE
manipulations and subsequent chemical analysis indicated that although
whole sediment concentrations of cadmium exceeded sediment quality
standards, it was not biologically available or directly causing toxicity.
High levels of free zinc were directly related to toxicity observed in porewater tests, and reduced effects in TREs. Based on these observations it
seems more likely than not that zinc was the primary driver of toxicity in
this wetland.
MP119 Bioaccumulation of cadmium in invertebrates along
the Buffalo National River due to historic lead and zinc mining
operations
J.R. McCauley, Arkansas State Univ / Ecotoxicology Research Facility; F.
Usrey, National Park Service; J.L. Bouldin, Arkansas State Univ / Biological
Sciences
Buffalo National River (BNR) in North-central Arkansas is a 246 km
long free-flowing river that is considered to be untouched by many
anthropogenic means of pollution. Collections over the past decade,
however, have shown a decline in population and diversity of many
aquatic invertebrates, most notably with the freshwater mussel populations. While no single reason for the decline has been established, one
factor largely overlooked is the Buffalo River’s history of lead (Pb) and
zinc (Zn) mining operations along its banks and in particular near the
mid-river town of Rush. The tails and spoils of these operations release
heavy amounts of raw ore into streams. One element that is of particular concern and is associated with Pb and Zn mining is Cadmium.
Cadmium is a non-essential metal in higher functioning organisms and
is extremely toxic when input exceeds the rate at which an organism may
depurate pollutants. Periphyton colonies, the catalyst for metal contamination in the food chain along the BNR, have mean Cd concentrations
of 215.32 and 774.24 ppb in Clabber and Rush Creeks respectively, both
located in the Rush Mining District. The mean cadmium concentration in periphyton from a control site along the BNR is 29.92 ppb. This
research will progress the assessment of bioaccumulation of cadmium
within several invertebrate species and relevant water quality variables
that affect the metal’s toxicity to further understand the role of cadmium
in the Buffalo River.
MP120 Contamination and Multi-Decay of Reservoir-Liberated
Mercury in a Downstream Fishery: Effects of Fish Trophic Level,
Size, and Age
D. Green, Univ of Saskatchewan - Toxicology Centre / Toxicology; M.
Duffy, Saskatchewan Ministry of Environment; D.M. Janz, Univ of
Saskatchewan / Toxicology Centre; K. McCullum, Saskatchewan Ministry
of Environment; G. Carriere, Univ of Saskatchewan Toxicology Centre; T.
Jardine, Univ of Saskatchewan / School of Environment and Sustainability
Aquatic mercury (Hg) can be biomethylated into a potent neurotoxin,
MeHg. Hydroelectric reservoir construction is frequently responsible for bioaccumulation of MeHg within endemic biota. [Hg] in
fish impounded in artificial reservoirs and affected downstream sites
can exceed this limit and take decades to decay below the 0.5 mg/kg
consumption guideline. The present study examines the characteristics
of fish affecting mercury decay from a hydroelectric reservoir created
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in 1963 and an affected downstream fishery in the Saskatchewan River
Delta. Rates of decay in Tobin Lake (reservoir) and Cumberland Lake
(delta) were analyzed using exponential regression. Northern pike (Esox
lucius), sauger (Sander canadensis), goldeye (Hiodon alosoides), and walleye
(Sander vitreus) all showed significant decay rates between the 1970s and
present (Tobin: p < 0.05 for all regressions; Cumberland: p < 0.01 for all
regressions). In S. vitreus, contemporary tissue [Hg] was strongly correlated with length, age and reservoir proximity. Stable nitrogen isotopes
were used to assess correlations between Hg and trophic levels, but
explained little additional variation beyond that accounted by length and
age. Our results suggest that contemporary fish [Hg] have decayed below
consumption guidelines.
MP121 Comparing the chronic toxicity of binary metal mixtures
between Ceriodaphnia dubia and Pimephales promelas
K.M. Newton, Clemson Univ Inst of Environmental Toxicology / Biological
Sciences ENTOX; S.J. Klaine, Clemson Univ / Inst of Environmental
Toxicology CUENTOX
Aquatic organisms are exposed to mixtures of metals for long durations
in their natural environment. While a lot of research has focused on
acute toxicity, there is a need for more research into chronic effects. The
goal of this study was to utilize our previous results on the chronic effects
of binary metal mixtures on Ceriodaphnia dubia to predict the response of
Pimephales promelas. A titration experimental design was used where the
dose-response curve of a single metal is compared with that of the same
metal with a constant background concentration of a secondary metal.
After linearizing the dose-response curves the slopes are compared to
statistically differentiate between additive and non-additive effects.
Preliminary results for C. dubia, showed that ZnCd mixtures were additive for the dose response of Zn with background concentrations of 1, 9,
26, and 53 ug/L Cd. Similarly, additive effects were seen for P. promelas
when the dose-response for Zn was conducted at 13, 36, 39 ug/L Cd
backgrounds and a more-than-additive effect was evident at background
Cd concentrations 43 ug/L. When the dose-response curve for Cd was
characterized in the presence of background Zn concentrations C. dubia
showed an additive effect at 69 ug/L Zn background and more-thanadditive effects at higher concentrations (183, 266, and 392 ug/L Zn).
For P. promelas the dose response relationship for Cd at background
concentrations of 110, 412 680 and 874 ug/L Zn showed additivity.
Ceriodaphnia dubia was more sensitive to high background concentrations of Zn while P. promelas were more sensitive to high background
concentrations of Cd. Results of other binary metal mixtures including
CuCd, CdCu, and NiCd, CdNi, CuNi and NiCu will also be presented.
This knowledge will facilitate the development of predictive models for
the chronic toxicity of metal mixtures.

Bioavailability: 21st Century Nexus Between
Site Characterization, Risk Assessment and
Remediation
MP122 Using Bioaccessibility Data for Site-Specific Adjustments to
Bioavailability for Dioxins in Soil: A Case Study
Y. Lowney, R. Kalmes, Exponent, Inc. / Health Sciences
Over the last two decades, nearly a dozen studies have been conducted to
evaluate the relative oral bioavailability (RBA) of dioxins in soil. These
efforts have included original research studies in rodents and/or swine,
as well as testing using in vitro soil extraction methods. Review of this
body of evidence has led the USEPA to conclude that “[c]urrently available research information suggests than an RBA of dioxin in soil can be
expected to be less than 100%.” However, USEPA has also concluded
that available data are not adequate to support a default RBA other than
100%, thus leaving risk assessors to their own devices in determining
bioavailability adjustments for use in risk assessment of dioxin-contaminated sites. This presentation provides a brief review of the state
of the science on dioxin bioavailability from soil, describes animal and

“in vitro” methods that have been applied to the evaluation of bioavailability from soil. The presentation also presents a “weight of evidence”
evaluation that was performed to support a site-specific bioavailability
adjustment for dioxins in soil. This assessment was performed for a
former magnesium plant, with the objective to provide site-specific information to understand the RBA of dioxins and furans from site soils (on
a toxicity equivalent [TEQ ] basis). The evaluation considered sources,
congener mixes, and site-specific data, and recommended RBA values
that have been accepted by regulators, producing a site-specific remediation target that was approximately 3-fold higher than the default value.
MP123 Urban Park soils metals distribution and bioaccessibility in
Greater Victoria, BC, Canada
M. Dodd, Royal Roads Univ / School of Environment Sustainability; K.
Allan, SLR Consulting (Canada) Ltd.
To assess the potential risk associated with exposure to contaminants
in soils in municipal playgrounds, total metals concentrations were
determined in soil samples collected from 20 urban parks in the Greater
Victoria, British Columbia, Canada. The parks were selected from different geographic areas of the city to represent variable surrounding land
use including residential, highways, industrial, commercial and agricultural. All the parks had existing infrastructure, such as playgrounds
and picnic areas which implied use by children and potential exposure
through ingestion during playtime. Samples were screened for total
metals using a field portable X-ray fluorescence analyser (FPXRF). A
comparison of the FPXRF data to total metal results obtained by aquaregia/ICP-MS analysis indicated a strong linear correlation between the
two methods suggesting that the FPXRF is a useful tool for screening
a large number of samples for potential human health risk assessment
of metal exposure in these parks. A search of the Environment Canada
National Pollution Release Inventory database (NPRI) showed seven
industries in the Victoria area as reporting emissions of chemicals into
the environment. Data obtained from this study suggested that there was
a geospatial relationship between these metal emitting sources and metal
concentrations in the park soil samples. Metal concentrations were below
the Canadian Council of Ministers of the Environment (CCME) soil
quality guidelines for residential/parkland use except for As and Cr in
a few of the parks. To assess the potential health effects associated with
the ingestion of contaminants associated with soils at these urban parks
the samples were analyzed for metal bioaccessibility using an in vitro
physiologically based extraction test. Soil organic carbon had the most
notable influence on bioaccessibility whereas soil pH or inorganic carbon
did not show statistically significant relationship to the bioaccessibility.
The human health risks associated with metals at the parks were deemed
low based on either the overall low total metal concentrations or the low
bioaccessibility of the metals; for example for the parks with elevated Cr
bioaccessibility values were relatively low (maximum of 3.5%). Ongoing
investigations include delineation of the areas with elevated Cr and As
levels using the FPXRF and further elucidation of the potential sources
and characterization of the As and Cr detected.
MP124 Arsenic soil bioaccessibility used to refine soil cleanup levels
at a historic smelter facility
J.M. Clark, Golder Associates, Inc. / Environmental Sciences; S.C. Robinson,
Golder Associates / Toxicology Risk Assessment; D. Crawford, Golder
Associates Inc; C. McKeon, Resolution Copper Mining LLC
A historic copper smelter facility in Arizona was evaluated to determine site-specific soil remediation levels (SSSRLs) for arsenic, copper,
and lead. The SSSRLs were calculated to determine where soils need
remediation to remove potential health risks from incidental ingestion
and dermal exposure for current and future site workers and possible
trespassers. An initial sensitivity analysis for the probabilistic calculation
showed that arsenic oral bioavailability was one of the more sensitive parameters in the arsenic calculation, hence site specific data were
determined to be beneficial to establish the SSSRLs. Collected soils were
analyzed by the EMPA Plus Laboratory at the University of Colorado
using the relative bioavailability leaching procedure method. No correlation between measured arsenic to arsenic bioaccessibility was found with
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these data. Electron microprobe analysis was useful in determining dominant arsenic species present in the soils across the site. Bioaccessibility
data differed across the site, with higher arsenic bioaccessibility in soils
downwind from the smelter and lower bioaccessibility in soils crosswind
from the smelter. These site-specific data allowed a more accurate calculation of remediation levels than using a default bioavailability value or a
generic data distribution from the literature.
MP125 Evaluation of Dermal Absorption of PAHs from Soils
Impacted by Clay Target Fragments for Application in Human
Health Risk Assessment
G. Hoeger, ARCADIS / IEST; B.H. Magee, ARCADIS; N.D. Forsberg,
Arcadis U.S., Inc. / Environmental and Molecular Toxicology
Polycyclic aromatic hydrocarbons (PAHs) are ubiquitous in the environment from both natural and anthropogenic sources. Seven of these PAH
compounds are currently listed as probable human carcinogens with
benzo(a)pyrene (BaP) serving as the surrogate compound for evaluating mechanisms of carcinogenicity and relative carcinogenic potency
in humans. The proposed update to the USEPA’s toxicity assessment
for BaP includes a dermal cancer potency slope factor, which has been
developed to estimate skin cancer risks at the site of contact. For human
health risk assessment, the USEPA Risk Assessment Guidance for
Superfund (RAGS) Part E assumes that 13% of administered PAHs are
absorbed based on an in vivo study of the absorption of BaP from spiked
soil samples in rhesus monkeys by Wester et al. (1990). The Wester et
al. (1990) study evaluated soil samples spiked with a radio-labeled BaP.
Several studies in the literature have indicated that aged, weathered
PAHs in soil have lower dermal absorption compared to freshly spiked
soil samples. Currently, there are no established methodologies for
evaluating the dermal absorption of BaP and other potentially carcinogenic PAHs. To address this knowledge gap, an approach was developed
to evaluate dermal PAH absorption that relies on testing in human
cadaver skin using Franz diffusion cells, which are commonly employed
in dermal penetration testing. In this study, samples of skin and receptor fluid are analyzed for PAHs following up to 48 hours of exposure
to evaluate the rate of dermal penetration of PAHs from soil samples
impacted by clay target fragments. The approach included tape-stripping
skin samples at exposure termination to evaluate the binding of PAHs to
the stratum corneum. BaP concentrations in impacted soil samples and
pulverized target fragments range from 1 part per million (ppm) to 1,000
ppm, which provided a range of PAH exposures. The goal of the study
is to provide data that support modifications to the dermal absorption
assumption for application in human health risk assessment and calculation of risk-based cleanup goals.
MP126 Rhamnolipid Biosurfactant and Linoleic Acid Amendment
Effects on Bioavailability of PAHs in Soil
D.C. Wolf, Univ of California Riverside / Environmental Toxicology; J.
Gan, Univ of California, Riverside / Dept of Environmental Science
Polycyclic aromatic hydrocarbons (PAHs) are ubiquitous contaminants in soil with anthropogenic sources such as fossil fuel combustion,
wood treatment processes, and waste incineration. The United States
Environmental Protection Agency recognizes 16 PAHs as priority pollutants due to their possible mutagenic, carcinogenic, and teratogenic
properties. The use of bioremediation methods such as microbial degradation has been recognized as an efficient, cost-effective, and versatile
approach to clean up PAH-contaminated sites. However, biodegradability of PAHs in soil is limited by their bioavailability represented by the
soil porewater fraction. The bioavailability of PAHs may be intentionally
increased by the addition of microbial-produced biosurfactants such
as rhamnolipids or sophorolipids to achieve accelerated biodegradation. Recently, linoleic acid, one of the three most common fatty acids
in plant cell membranes, and its sodium derivative have been shown to
increase PAH degradation. However, the mode of action, e.g., increased
bioavailability or selective PAH-degrading microbe enrichment, has yet
to be elucidated. The objective of this study was to evaluate the addition
of rhamnolipid biosurfactant, linoleic acid, and sodium linoleate on PAH
bioavailability and microbial populations in soil that has been previously
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contaminated with PAHs. Amendment of biosurfactants below, above,
and at the critical micelle concentrations were used to determine the
most effective PAH biodegradation rate. Matrix solid-phase microextraction (SPME) was used in the study to monitor the freely dissolved
PAH concentrations in soil porewater. The results of this study will
provide beneficial insights towards future bioremediation applications
of PAH-contaminated soils and demonstrate SPME as a simple tool
to offer real-time measurement of contaminant bioavailability during
remediation treatments.
MP127 Effect of Source Material on PAH Bioavailability to Humans
and Ecological Receptors
H. Xia, U. Ghosh, Univ of Maryland Baltimore County / Chemical
Biochemical and Environmental Engineering
Polycyclic aromatic hydrocarbons (PAHs) are released into soils within
different sorption domains (e.g., soot, char, coal tar or NAPLs) that may
alter their bioavailability. The objective of this study was to investigate
the effects of PAH source materials on bioavailability and use kinetic
exposure models to explain dermal uptake by humans and uptake by
ecological receptors from soils. In this study, a number of baseline soils
were constructed with a range of native organic carbon contents, and
PAHs were introduced into these soils using different source materials
(soot, coal tar and fuel oil). A subset of the contaminated soils was then
treated with biochar. The PAH porewater concentrations and partitioning coefficients (Kd) for all the soils were determined through aqueous
partitioning experiments using polyoxymethylene passive samplers. To
measure PAH uptake by ecological receptors, a bioaccumulation study
was carried out by growing adult earthworm E. fetida in both biochartreated and untreated soils with a variety of PAH sources for 30 days.
The uptake of PAHs in E. fetida was quantified and worm assimilation
efficiencies ( of PAHs via soil ingestion were measured for individual
soils. With experimentally determined parameters (e.g., PAH soil
and porewater concentrations (Cs and Cw)) and those from literature
(e.g., dermal uptake and elimination rates), a first-order kinetic model
inclusive of both dermal and dietary ingestion and elimination pathways
was proposed to explain the uptake of PAHs into E. fetida from soils.
The performance of the kinetic model is being assessed by comparison
with measured uptake results using different PAH sources. Separately,
the same constructed soils are being used in ongoing work to assess
PAH dermal bioavailability to humans, which is simulated by in vitro
uptake into pig skin. Polydimethylsiloxane (PDMS) is used as an infinite
receptor for PAHs. The total dermal uptake of PAHs from each soil is
quantified by extracting and combining the amounts in the skin and
the PDMS sink. A model of partitioning and diffusion based on Fick’s
law will be used to explain and predict the dermal uptake process using
empirical literature permeability values and experimentally determined
parameters (e.g., Kd and Cs). The model’s performance will be evaluated
for the various source materials against measured results.
MP128 Understanding the Effects of Aging on the Bioavailability of
Legacy Contaminants in Marine Sediments
A.R. Taylor, C. Liao, D. Schlenk, J. Gan, Univ of California, Riverside /
Dept of Environmental Science
Ocean sediments at many locations in the world are contaminated with
persistent organic pollutants (POPs) such as DDT and PCBs. Due to
their hydrophobic nature, these compounds are resistant to chemical
and physical degradation and have a strong affinity for soil and sediment
particles. This contamination is often due to historic use and manufacturing activities. The use of many of these compounds was banned in
the 1970s, and therefore they have undergone many decades of aging,
which may have rendered their residues less bioavailable. Understanding
how bioavailability relates to aging of these contaminants is important
for developing accurate methods of risk assessment and evaluating
remediation performance. In this study, we tested the assumption that
contaminants become less bioavailable as they age. We used sediment
cores taken from the Palos Verdes Shelf Superfund Site off the coast of
California, known to be heavily contaminated with DDT and PCBs.
210Pb dating and a newly developed isotope dilution method (IDM)
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were used to relate age and sediment depth with relative bioavailability.
Samples from two sediment cores were characterized and analyzed for
total contaminant concentrations and bioavailable fractions using IDM.
Through this study we hope to validate the use of IDM as a measure of
bioavailability on aged contaminants in sediment and establish quantitatively the relationship between the age of contaminants and their
bioavailability.

Alternative Approaches for Ecotoxicity
Assessments
MP129 Life stage terminology in regulatory test guidelines:
Improvements for harmonization
M.R. Embry, ILSI Health and Environmental Sciences Inst (HESI);
S.E. Belanger, The Procter & Gamble Company / Central Product Safety
Dept; T.J. Norberg-King, USEPA / NHEERLMid-Continent Ecology
Division; J.M. Rawlings, The Procter & Gamble Company / Environmental
Stewardship and Sustainability; B. Farr, ILSI Health and Environmental
Sciences Inst (HESI); T. Braunbeck, Univ of Heidelberg / Centre for
Organismal Studies; M. Halder, European Commission Joint Research
Centre / DG Joint Research Centre IHCP EURL ECVAM; M. Lampi,
ExxonMobil Biomedical Sciences, Inc.
A detailed review of current OECD, ASTM and USEPA fish test
guidelines covering acute and chronic toxicity, bioaccumulation and
endocrine disruption endpoints was conducted to assess variations in life
stage terminology and life history descriptions. The goal was to develop
recommendations for harmonization to improve and facilitate transparency in terminology and assist how guidelines are intended to be used.
Harmonization of terminology and appreciation for life history descriptions take an impact on interpretations of fish tests in regards to animal
welfare (what stages are or are not protected, how to decide when protection occurs, etc.) and can also assist in emerging discussions regarding
adverse outcome pathways. Over thirty life stage terms (embryo, eleutheroembryo, larva, fingerling, etc.) were catalogued along with the context
in which they were used. Terms were compared against standard definitions of life stages as given in the fish developmental biology, systematics,
and ontogeny literature, grouped into well-defined life stage indicators,
and frequency of use was mapped. Egg and embryo constituted roughly
50% of all life stage indicators. Sac-fry and sac-fry stage, a more ambiguous stage, constituted ~5% of the terms used. Proposed alterations of
terminology in some contexts were identified to facilitate harmonization
between tests. To supplement this analysis, we reviewed available studies
on fish acute and chronic toxicity tests with respect to test species diversity and categorized them as to reproductive strategy and likelihood of
precocial or altricial development, a common delineator of fish developmental sequences and durations at each life stage. Research needs for fish
terminology harmonization include: 1) clear delineation of toxicologically relevant developmental stages for all frequently tested species (today
this is limited to only a few); 2) harmonization of endpoints relevant for
each stage and test such that tests can continue to inform each other; 3)
agreement on life stages and reduction in the mixing of technically informative terms and lay terms. This may require further research to define
their meaning across systematically diverse test species and life histories.
The views, conclusions and recommendations expressed in this poster are
those of the authors and do not necessarily represent the policies or positions of the European Commission or the USEPA.
MP130 The fathead minnow embryo normal development
S. Böhler, S. Oberrauch, S. Mieck, T. Braunbeck, Univ of Heidelberg / COS
Centre for Organismal Studies
Together with the zebrafish (Danio rerio) and the Japanese medaka
(Oryzias latipes), the fathead minnow (Pimephales promelas) is one of the
three most commonly used OECD test species. However, relatively
little is known about the development, even though the fathead minnow
has extensively been used for toxicological testing. After the adoption
of the fish embryo toxicity test (FET) with the zebrafish as OECD test

guideline 236, it seemed essential to adapt the zebrafish FET protocol
to other OECD species to broaden the applicability of the test. As a first
step to standardization and the use of the fathead minnow embryo for
assessing both toxicity and teratogenicity, developmental stages from fertilization to hatching and even beyond had to be clearly identified both
macro- and microscopically, and endpoints of toxicological relevance
needed to be characterized. For this end, embryos were studied in vivo
from fertilization until 144 h at 25.0 ± 1.0 °C. After macroscopical investigation, embryos were first embedded in agarose, then in paraffin and
sectioned both frontally and sagittally prior to staining with hematoxylin
and eosin. The first appearance and the development of specific organs
and tissues were recorded. In addition to in vivo observations and general
histological data, special focus was put on the craniofacial development.
For this purpose, embryos were fixed at certain time points during development and stained with an adapted acid-free double staining protocol
for cartilage and bones. The first appearance and the position of emerging bone and cartilage structures were recorded.
MP131 Additional endpoints for the fathead minnow FET test:
Evaluation of growth, developmental and gene expression metrics
M.K. Sellin Jeffries, Texas Christian Univ / Dept of Zoology; K.S. Roush, J.
Malmquist, D.A. Stephens, Texas Christian Univ / Dept of Biology
The European Union’s recent adoption of a fish embryo toxicity (FET)
test using zebrafish embryos (OECD test guideline 236) as an alternative
method in acute toxicity testing represents a positive step forward with
regard to the welfare of fishes used in toxicity testing. In an effort to promote the geographic expansion of FET test adoption, the development
of a FET test featuring fathead minnows (Pimephales promelas), a United
States Environmental Protection Agency sentinel species, has been
previously proposed. Previous studies aimed at the development of a fathead minnow FET test provided data for a limited number of chemicals
suggesting that the FET test may be a viable replacement for the larval
growth and survival (LGS) test. However, unlike the LGS test, which
allows for the assessment of both acute and chronic toxicity, the FET
test does not include sublethal endpoints. With this in mind, the primary
objective of this study was to identify potential sublethal endpoints for
use in the fathead minnow FET test. To accomplish this, fathead minnow FET tests were conducted with four reference toxicants – sodium
chloride, sodium dodecyl sulfate, ethanol and 3,4-dichloroaniline. In
addition to standardized lethal endpoints (e.g., coagulation, lack of
heart beat, etc.), a suite of potential sublethal endpoints were evaluated,
including mass, length and the incidence of developmental abnormalities
(e.g., pericardial edema, craniofacial deformities, etc.). In addition, the
relative expression of genes involved in growth (e.g., insulin-like growth
factors, growth hormone receptors, etc.) and the generalized stress
response (e.g., glucocorticoid receptors, heat shock proteins, etc.) are
also being evaluated as potential FET test endpoints. Of the endpoints
evaluated thus far, reductions in growth and increases in the incidence
of pericardial edema appear to be the most responsive to the reference
chemicals tested. This finding suggests that inclusion of these endpoints
is likely to enhance FET test utility by identifying possible sublethal
adverse effects and by increasing FET test sensitivity.
MP132 Use of High Accuracy QSARs for reliable regulatory endpoint
predictions and further uses in environmental risk assessment
P. Thomas, CEHTRA SAS / Ecotoxicology and Risk Assessment; P. Bicherel,
KREATiS; F. Sahigara, CEHTRA SAS
Despite the growing popularity of in-silico approaches as an alternative
to replace animal testing, the majority of existing QSAR models have
been designed for screening purposes and are therefore considered unacceptable to replace experimental studies due to lack of precision and strict
validation. KREATiS has developed a series of High Accuracy QSARs
(termed HA-QSARs) based on the strong and recognised relationship
between fugacity, chemical activity and toxicity for narcotic substances
(MoA 1 and 2). These thermodynamically sound HA-QSARs for
various physicochemical and ecotoxicological endpoints are interlinked
within a cascade approach, where each endpoint (eg. Water Solubility)
can be determined from another endpoint (eg. log KOW) providing
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results as good as those from quality experimental studies. This poster
will provide an overview of how these HA-QSARs are generated implementing the Good Modeling Practice (GMoP) and validated following
OECD principles3. Using this cascade approach as a case study, it will
be shown how the use of HA-QSARs could be extended to validate or
invalidate the experimental study results and how this approach could be
an interesting tool to explore other areas of concern in ecotoxicology such
as Acute to Chronic Ratios (ACRs).
MP133 Acute fish toxicity QSARs are useful in predicting fish
embryo toxicity
S.E. Belanger, The Procter & Gamble Company / Environmental
Stewardship and Sustainability Organization; J.M. Rawlings, The Procter
& Gamble Company / Environmental Stewardship and Sustainability
The 96-h Fish Embryo Toxicity Test (FET) was adopted as an OECD
Test Guideline (TG 236) as an alternative to the fish acute toxicity test
(OECD 203). The FET was validated by OECD (Busquet et al. 2014,
Belanger et al. 2013). Method improvements, development of applicable test species, and probing of the chemical domain of applicability
continue. Assessment of the ecotoxicology of fish embryos in predicting
juvenile fish acute toxicity is ongoing. We evaluated the applicability
of existing fish QSARs to predict fish embryo acute responses. Using
a database of comparative OECD 203 and 236 toxicity data we evaluated slopes and intercepts of acute fish QSARs in ECOSAR and other
published QSARs to those derived from the FET-fish acute toxicity
database (Belanger et al. 2013, supplemented with new data generated
since). Approximately 1000 FET and 2500 acute fish studies are in the
FET-fish database. From the database, FET-only and Fish-only SARs
were compared against the existing published QSARs using Kow as the
predictor variable. Neutral organic, phenol, aliphatic amine, and several
surfactant classes had sufficient data to derive quantitative comparisons
of slope and intercept. FET and fish only QSARs derived solely from
the FET-fish database indicate no significant differences with several
USEPA ECOSAR QSARs. For example, with the neutral organic class,
the ECOSAR, FET and acute fish (derived from the FET-fish database)
QSARs had slopes of -0.88, -0.77 and -0.84, respectively. Differences in
slope reflect that each regression was constructed from slightly different chemicals and test data. To test this further, we have experimentally
derived new FET data for a series of aliphatic alcohols and a cationic
surfactant. Results of these studies were compared against categoryspecific fish QSARS based on chain length as opposed to Kow. As
with ECOSAR QSARs, FET results were well predicted by fish-only
QSARs. Results were consistent with the overall FET-fish prediction
relationship of Belanger et al. (2013) in that FET results were < 0.5X
different from fish toxicity. In this comparison of FET and fish acute
toxicity QSARs we show equivalency of predictions for several important
chemical classes thereby increasing the utility and confidence in the FET
assay. FET tests are the preferred acute test in some geographies and
future QSARs should take advantage of this by combining both FET
and juvenile fish toxicity data.
MP134 Assessing Uncertainty of Interspecies Correlation Estimation
Models for Aromatic Compounds
A.C. Bejarano, Univ of South Carolina / Dept of Environmental Health
Sciences; M.G. Barron, USEPA / Gulf Ecology Division
We developed Interspecies Correlation Estimation (ICE) models for
aromatic compounds containing 1 to 4 benzene rings to assess uncertainty in toxicity extrapolation in two data compilation approaches. ICE
models are mathematical relationships between surrogate and predicted
test species that can be used to extrapolate chemical toxicity from one
surrogate test species to species with unknown toxicity. ICE models can
also be used to augment taxa diversity in Species Sensitivity Distributions
(SSDs), which are probabilistic distributions of toxicity data across species. One set of ICE models (Type1) were developed with data compiled
across studies, which assumes that there is inherent inter-laboratory variability introduced across studies. The second set of ICE models (Type2)
were developed with data compiled within studies, which assumes that
variability is reduced when toxicity data come from the same study.
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Tissue residue-based ICE models were also developed using target lipid
modeling (TLM) by calculating compound specific Kow-based target
lipid concentrations using the Type2 model dataset (Type2-TLM). Most
statistically significant models (90%) had Mean Square Errors (MSE) <
0.27, and adjusted coefficients of determination (adj-R2) >0.59, with the
lowest amount of variation in MSEs noted in Type2 and Type2-TLM
models. Comparison of the fold difference between observed versus predicted values within matching surrogate-predicted species pairs showed
that Type2 and Type2-TLM models had fold differences generally 3-fold
smaller than those from Type1 models. Despite differences in model
predictive ability, no statistically significant differences (p-value>0.05)
were found between most ICE-based SSDs and empirical SSDs. In most
cases and regardless of model choice the 5th percentile hazard concentrations of the SSDs were within or below the 95% confidence intervals
of the empirical values. Despite lower uncertainty in Type2 and Type2TLM models, improvements in model accuracy are lost when values from
predicted species are used to develop SSDs likely due to larger differences
across species than across models. This research demonstrates that TLM
and ICE models can be coupled and ICE models developed for a range of
narcotic aromatic compounds can be used to generate species sensitivity
information for a broad range of taxa.
MP135 Determination of Physical-Chemical Domains for HighThroughput Screening of Ecotoxicological Hazards of Substances
C. Lehman, Dow Chemical Company / Toxicology and Environmental
Research and Consulting; K. Hutchinson, The Dow Chemical Company
/ Toxicology and Environmental Research and Consulting; H.L. Kan,
The Dow Chemical Company / Toxicology Environmental Research and
Consulting
Guideline-driven evaluations of acute aquatic toxicity can be costly,
time consuming, and resource intensive, especially when screening large
numbers of substances coming from product development research.
The OECD guideline-based acute aquatic studies for the algae, fish,
and daphnid have been adapted to small-scale 24-well plate formats to
enable toxicity evaluations for both regulatory-mandated hazard assessments and for high-throughput screening in selection of development
stage substances for further market development. Preliminary testing
with standard reference toxicants (e.g., zinc sulfate, potassium chloride,
sodium chloride) demonstrated that these assays meet guideline-based
validity criteria and generate data comparable to that from standard testing formats. Further investigations have explored the applicable chemical
domains for these assays and how physical-chemical properties (e.g., log
Kow, Henry’s Law Constant) may impact the ability to maintain exposure concentrations under reduced volume testing. Results from these
studies will be summarized along with recommendations for application of this reduced-scale testing format with respect to test substance
properties.
MP136 Application of passive dosing and quantitative structureactivity relationships to characterize aromatic hydrocarbon toxicity to
zebrafish
J. Butler, ExxonMobil Biomedical Sciences, Inc / Environmental Toxicology
and Chemistry Laboratory; T. Parkerton, ExxonMobil Biomedical Sciences
Inc. / Toxicology Environmental Science; D. Letinski, ExxonMobil
Biomedical Sciences Inc; A.D. Redman, ExxonMobil Biomedical Sciences;
K.R. Cooper, Rutgers Univ / Dept of Biochemistry and Microbiology
A common limitation of toxicity studies is poorly defined exposures.
Passive dosing (PD) techniques overcome these challenges by delivering
controlled exposures. Aromatic Hydrocarbons (AH) are an important
compound class that pose concern to fish early life stages (ELS). Since
AHs occur as multi-component mixtures, tests on individual structures
would support the calibration and validation of predictive models that
could limit future vertebrate testing. The objectives of this study were to:
1) apply PD to obtain acute and chronic effect data for zebrafish ELS with
selected AHs, 2) assess if acute to chronic ratios (ACRs) are consistent
with literature for other species, 3) determine if toxicity data from this
study and literature can be described using the target lipid model (TLM)
and chemical activity (CA) frameworks, and 4) test the assumption of
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AH additivity for a simple, defined mixture. Results demonstrate the
advantages of PD for generating reliable toxicity data. Embryo-larval
mortality was more sensitive than larval growth endpoints and calculated
ACRs of < 10 were consistent with data on other species. The TLM and
CA models were shown to provide complimentary frameworks for predicting toxicity of AHs to zebrafish and other fish species and additivity
provided a conservative basis for evaluating AH mixture toxicity.
MP137 An In Silico Approach for the Prediction of Estrogenic
Bioactivation of Environmental Chemicals
C.L. Pinto, ORISE / OCSPPOSCP; K. Mansouri, ORISE at USEPA /
ORD; R. Judson, USEPA / Office of Research Development; P. Browne,
USEPA / Office of Science Coordination and Policy
The USEPA’s Endocrine Disruptor’s Screening Program (EDSP) aims
to identify chemicals that can potentially interfere with the estrogen,
androgen and thyroid hormone signaling pathways, and cause adverse
outcomes in humans or wildlife. EDSP is committed to utilizing computational tools and high-throughput in vitro data to screen chemicals for
potential endocrine effects, and build confidence in these tools as possible
alternatives for existing in vitro and in vivo screening methods. A major
limitation of many in vitro assays, however, is their inability to account
for metabolic processes that are present in a whole organism. While
xenobiotic biotransformation usually results in inactivation of the parent
compound, it is known that environmental chemicals (e.g., methoxychlor) can be metabolically activated by the cytochrome P450 (CYP450)
system to produce active estrogenic metabolites. We demonstrate an in
silico strategy that integrates the use of CYP450-mediated metabolite
prediction with a QSAR estrogen receptor (ER) agonist model for the
identification of chemicals that have the potential to undergo estrogenic
bioactivation. To demonstrate this approach, chemicals with indications
of being biotransformed into more potent estrogenic metabolites were
selected, and their primary and secondary metabolites were predicted,
followed by the estimation of the ER agonist potency of the metabolites
using a QSAR ER agonist model. The QSAR ER scores of the primary and secondary sets of metabolites were averaged, and the parent
chemicals were ranked based on the estimated estrogenicity of their
metabolites. We demonstrate that the estrogenic activity of the metabolites of the known bioactivated compounds was generally predicted to
be higher than the activity of their respective parent chemicals, indicating that the strategy has the ability to identify chemicals that undergo
estrogenic bioactivation. This rapid and cost-effective in silico approach
can potentially be used for an initial characterization and ranking of
the bioactivation potential of environmental chemicals in the EDSP
Universe, and the predicted bioactivation profile of the compounds could
be further confirmed with in vitro/in vivo testing. The views expressed
are those of the authors and do not necessarily reflect the views or policies of the USEPA.
MP138 Assessment of Potential Ecological and Health Impact of
Coal Ash Spill in Dan River, North Carolina
M. Hu, Dept of Civil and Environmental Engineering; X. Wen, P.
Larese-Casanova, Northeastern Univ / Dept of Civil and Environmental
Engineering; M.E. Schreiber, Virginia Tech / Dept of Geosciences; B.M.
Williams, Dan River Basin Association; A. Gu, Dept of Civil & Env
Engineering / Dept of Civil and Environmental Engineering
On February 2, 2014, the nation’s third-largest coal ash spill occurred
at Eden, North Carolina, spewing 39,000 tons of coal ash and toxic
sludge mixed with millions of gallons of contaminated water into the
Dan River. The coal ash contains toxic metals (arsenic, lead, chromium
etc.) along with dioxins and PAH compounds. Due to the lack of the
information regarding the short- and long-term physical, chemical and
biological impacts from the ash, there is a demand for an investigation
of the fate and transport of the toxic substances released from the ash, as
well as the associated toxicity and the implied ecological and health risks.
This study aims to provide a fast and initial assessment of the toxicity
of the Dan River water and sediment with spatial and temporal resolution. We applied an array of toxicity assessment methods including both
conventional cytotoxicity tests as well as quantitative toxicogenomics

and in vitro molecular assays targeting a variety of toxicity endpoints and
mechanisms. In addition, we measured the spatial and temporal changes
in various metals and investigated the major drivers among them for
reactive toxicity by testing the toxicity of designed mixtures of ten metals
at their detected concentrations. The results suggested that sediment
leaching seemed to lead to higher effect on chemical and protein stress
and was generally more toxic than surface water. In addition, most of the
designed mixtures showed higher total PELI values than actual samples.
This study demonstrated the application of a new, cost-effective toxicogenomics-enabled in vitro assay scheme and methodology platform that
can be an effective toxicity evaluation method for timely and informative
water quality monitoring, as urgently needed by incidents like the North
Carolina coal ash spill.
MP139 Estimating baseline toxicity and in vivo and in vitro bio-partitioning of complex mixtures of nonpolar analytes using GCxGC
D. Nabi, Masdar Inst / iWater; J.S. Arey, Architecture Civil and
Environmental Engineering; J. Gros, EPFL Swiss Federal Inst of Technology
Existing estimation methods are generally not successful for the estimation of aquatic baseline toxicity and bio-partitioning properties of the
hundreds to thousands of potentially bioaccumulative contaminants
found in complex mixture of nonpolar analytes. Ideally, these estimation approaches should be targeted at compounds actually measured in
environmental samples. In the present study, we showed that aquatic
baseline toxicity and bio-partitioning properties can be mapped onto
the separation space offered by comprehensive two-dimensional gas
chromatography (GC×GC). We used GC×GC chromatogram retention
information to estimate baseline toxicity and bio-partitioning properties
for a diverse set of non-polar halogenated and hydrocarbon compounds
that undergo negligible or limited hydrogen bonding interactions. When
compared to the experimental data our model exhibited root mean square
error (rmse) of 0.32 log unit for 96-hourmedian lethal concentration (−log
LC50) endpoint for fathead minnow. We also show that in vivo and in
vitro bio-partitioning properties can successfully be calculated by parameterizing the multiphase biopartitioning model using GC×GC-estimated
bio-partition coefficients. Our model performance in both cases was comparable to that of Abraham solvation model. Thus, GC×GC can be used
as a powerful tool for the risk assessment and fate modeling for complex
mixtures of nonpolar organic compounds in environmental media.
MP140 Hazard assessment of Chlorantraniliprole and its Formulated
Product Altacor® to Ceriodaphnia dubia using a population-level
approach
J.D. Stark, Washington State Univ / Dept of Entomology
The effects of the anthranilic diamide insecticide, chlorantraniliprole
and its commercial formulated product Altacor® were evaluated on
the Cladoceran, Ceriodaphnia dubia. These substances were evaluated
separately to determine whether the formulated product and active
ingredient exhibit differences in toxicity. Acute LC50s were estimated as
well as chronic effects on populations. Both products were highly toxic
after acute exposure. Chronic exposures reduced the number of founding individuals, survival duration, offspring, final population size, and
population growth rate in a concentration-dependent manner. A hazard
assessment using a risk quotient approach was also developed comparing acute toxicity to the expected environmental concentration. The risk
quotient was compared to population-level impacts to determine how
accurately it predicted effects at the population level.
MP141 Toxicity in the absence of inbreeding: Aquatic pollutioninduced deformities in the cosmopolitan chironomid Paratanytarsus
grimmii
B. Gagliardi, The Univ of Melbourne / Zoology; A. Hoffmann, The Univ
of Melbourne / School of Biosciences; S.M. Long, CAPIM / School of
Biosciences; V.J. Pettigrove, The Univ of Melbourne / Zoology
Morphological deformities in the larvae of chironomids (Diptera:
Chironomidae) are commonly used as endpoints in both field aquatic
pollution monitoring and laboratory ecotoxicology. It has long been
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observed that chironomid larvae collected from grossly polluted freshwater sites exhibit a higher frequency of deformities of the mouthparts and/
or antennae than those collected from reference sites. As chironomids
are near-ubiquitous in freshwater habitats worldwide, deformities present
a powerful screening tool in environmental toxicology. However, while
field studies clearly suggest pollutants as causal to chironomid deformities, laboratory results—using the standard test genus Chironomus—have
proven more equivocal, with pollutants often failing to induce a
statistically significant frequency of deformities, relative to controls.
Furthermore, it has recently been shown that inbreeding depression
can induce chironomid deformities. Inbreeding depression is common
in laboratory Chironomus cultures, hence this non-pollutant stressor
may have complicated many laboratory results. Use of the cosmopolitan
chironomid Paratanytarsus grimmii may resolve this issue. Unlike the
sexually-reproducing Chironomus, P. grimmii reproduces by obligate
parthenogenesis, meaning it does not mate and therefore cannot inbreed.
This project therefore investigates the relationship between chemical
concentration and deformity incidence in P. grimmii larvae. In these
experiments, we test the common pollutants copper, lead and imidacloprid in traditional dose-response experiments. We have previously
observed deformities in P. grimmii larvae collected from polluted sites,
suggesting pollutants as a causal factor. Investigation of this relationship in the laboratory, in the absence of both extraneous environmental
stressors and inbreeding depression, robustly assesses this causal
relationship. Though chironomid deformities have been investigated as
a pollution monitoring endpoint since the early 1970s, uncertainty about
the causality of pollutants has limited their utility. This study clarifies this relationship, and potentially presents a novel test species—the
cosmopolitan, non-inbreeding P. grimmii—as an international model
species for laboratory deformity studies.

Impacts of Naturally Occurring, Catastrophic
Events on Ecosystems
MP142 Mercury mobilisation from burnt soils and ashes after a wildfire and rainfall events: Effect of vegetation type and fire severity
I. Campos, Unive de Aveiro / CESAM Departmenf of Environment; C.
Vale, IPMA - Portuguese Inst for the Sea and Atmosphere; N. Abrantes,
Univ of Aveiro / CESAMDAO; J. Keizer, Univ of Aveiro / CESAM Dept
of Environment; P. Pereira, Portuguese Inst for Fisheries & Sea Research
Wildfire is a major disturbance of forests worldwide, posing an important threat to life, human goods and natural resources. The number of
catastrophic wildfires is increasing over the past few decades mainly
due to a combined effect of climate change and poor land-use management. Interestingly, wildfires have an important role in contaminants
production and mobilization and, thus, on their biogeochemical cycles.
For instance, trace elements could be mobilized during a wildfire from
burned vegetation and ashes and then may eventually achieve the
aquatic systems upon a rainfall period. In this regard, wildfires represent a relevant diffuse source of trace elements to aquatic systems that
has, so far, been poorly investigated. The current study aims to mitigate
such lack of knowledge for mercury, a well-recognized toxicant for
humans and aquatic wildlife. Thus, a field study was conducted in two
Portuguese forests with distinct vegetation coverage (pine and eucalypt)
during 4 months upon the wildfire. In parallel, a non-burnt area was
also monitored for comparison proposes. Soil samples and ashes were
collected in the seven areas (3 burnt eucalypt – BE; 3 burnt pine – BP;
1 non-burnt eucalypt- NBE) and analyzed for total mercury levels and
interpreting parameters (organic matter content, electric conductivity
and pH). Burnt soil samples showed significantly lower levels of mercury
than non-burnt soil, confirming the potential of a forest fire to release
accumulated mercury in soil prior to the burning. Such process could be
particularly relevant for this element due to its low volatilization temperatures. Both burnt eucalypt slopes and the respective ashes showed
significantly higher levels of mercury than burnt soils and ashes collected
in the burnt areas covered by pine. This result suggest that eucalypt
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accumulate higher levels of Hg and that is burning could contribute in a
higher extent to mercury mobilization than pine. Moreover, burnt soils
and ashes produced during a fire with moderate severity had higher levels
of mercury than similar samples collected upon a high severity wildfire,
pointing out the relevance of the fire severity on mercury mobilization.
The first rainfall after the wildfires caused an accentuated reduction of
mercury levels in ashes (30-60%) related with a washing out process.
Consequently, the produced runoff after these rainfall events would
probably introduce considerable levels of mercury in the water systems
located in the vicinity of a wildfire area.
MP143 Post-Wildfire Consequences on Watershed Hydrology and
the Environment
P.J. Shaller, P.L. Shrestha, Exponent / Civil Engineering; T.L. Deardorff,
Exponent / EcoScience; J. Wren, Exponent / Civil Engineering
Watersheds in the semi-arid regions of the western United States are
prone to wildfires. In recent time, the severity and frequency of such
wildfires have been increasing as a result of extended periods of drought.
Post-wildfire changes in watersheds include: loss of vegetation, canopy
and ground litter, development of temporary hydrophobic soil conditions
from combustion of leaf litter, reducing interception, evapotranspiration, infiltration and percolation. The overall hydrologic response of
post-wildfire rainfall events is an increase in surface runoff and sediment
transport that depends upon the intensity and duration of rainfall, the
geology, watershed soil characteristics and topography. Impacts include:
(i) flooding, (ii) erosion, (iii) mud and debris flows, (iv) slope failures, and
(v) landslides. The above can result in a reduction in channel carrying,
alteration of stream morphology, damage to property and infrastructure,
and loss of human and wildlife. Ecosystem and environmental impacts
include: (i) destruction of native vegetation and replacement with fireintolerant vegetation species resulting in more frequent future fires in
the watershed, (ii) air contamination, (iii) adverse effects on the water
quality of downstream waters from flash floods, significant erosion,
elevated turbidity levels, and transport of contaminated sediments (e.g.,
heavy metals, nutrients, organics and other contaminants present in the
soils), (iv) deposition of contaminated sediments in the floodplain and
surfaces of aquatic systems, and (v) adverse impacts on threatened and
endangered species. A site-specific historical perspective on post-wildfire
mitigation measures and their relative impacts on the hydrology and
environment will be presented.
MP144 Risk Factors that Reset the Ecological Process of a Forest
Ecosystem: Causes of California Wildland Fires
T.L. Deardorff, Exponent / EcoScience
The natural process of Western forest ecosystems is associated with
wildland fires. Fires can open ecosystems by removing accumulated
debris from the forest floor, reduce the forest canopy to allow the
penetration of sunlight, and create meadows. Many plants and animals
rely on fire-induced changes to successfully thrive in the forests. Thus,
decades of effective fire suppression policy has drastically changed the
look – as well as the behavior of fires − in Western forests and rangelands. Our forests are growing older and thicker with tree densities on
a “per acre basis” having increased to a staggering 40 times the natural
condition. As a result, today’s wildfires typically burn hotter and higher
into the forest canopy than fires of the past. In turn, the number of catastrophic wildfires has increased dramatically over the past few decades.
This presentation examines environmental conditions and risk factors
that contribute to different fires in California. The condition of the forest, including fuel accumulation, was evaluated along with dryness, as
indicated by rainfall or periods of drought, and the frequency and type
of fire-initiating events. While there are a myriad of factors contributing to the likelihood of catastrophic wildfires in California forests, of
salient importance are the moisture content of the forest, the pre-fire
condition of the forest, and fuel accumulation. The latter factor appears
to be related to the historical forest management practice of fire suppression. This finding is consistent with assessments made by the US Forest
Service, and with the current emphasis of forest managers on fuels management and their desire to return forests to more natural fire regimes.
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Advances in National-Level Data for Risk
Assessment of Pesticides to Federally Listed
Threatened and Endangered Species
MP145 Exploring a Mechanism to Access Existing and Localized
Best Available Data for National Pesticide Risk Assessment
D. Campana, Compliance Services International / Risk Assessment; A.R.
Frank, Compliance Services International / Principal Consultant; R.A.
Rupp, Washington State Univ / Dept of Crop and Soil Sciences; P. Beale,
Washington State Dept of Agriculture; T. Hall, Bayer CropScience /
Environmental Toxicology and Risk Assessment; D. Campbell, Syngenta /
Dept of Regulatory Affairs
All federal agencies seek to apply “best available data” to reach conclusions in their ecological risk assessment activities. However, the scope
of a national pesticide assessment under the registration review process
requires a tiered approach, moving from screening level processes to
those focused on the use of higher tiers of data or modeling. In practice,
time and budgetary constraints deprive regulatory agencies the opportunity to vet all relevant and accessible datasets and select those that are
“best available.” As a result, data provided by non-federal entities, such
as states, that can inform risk conclusions often go unrealized because
there is no convenient or aggregated way to validate and access them.
Therefore, federal agencies have favored the use of national datasets such
as the NASS Cropland Data Layer (CDL) and the USGS National Land
Cover Dataset (NLCD) over smaller and more localized datasets when
operating at the “national assessment” level. When the need to address
endangered species under consultation or in advance of it, as necessitated
by the Endangered Species Act, is added to the equation, localized data
can become very important to analyzing potential pesticide exposure and
effects. Reliance on national data may be practical for some geographical regions, but it is insufficient for areas where more accurate, precise,
and “ground-truthed” data can be obtained from non-federal sources.
For example, the Washington State Dept of Agriculture (WSDA) has
developed its own state-wide program to collect and distribute agricultural land use data that improve upon the predominant national datasets.
The FIFRA Endangered Species Task Force (FESTF) is examining data
sources and datasets at the state and regional levels to determine which
are of demonstrably better quality than commonly used national datasets.
WSDA, FESTF and other parties will explore how these datasets and
others like them might be knitted into a framework that delivers WSDA
and other best available data sources via a single national platform. This
platform would inform the data user of all “best available” sources for a
given geographical region, document their validity, array, and document
the status and applicability of such data under the activity of individual
assessments, making them readily accessible to risk assessors for pesticide
registration review.
MP146 National Endangered Species Assessment for Diazinon:
Screening-level Ecological Risk Assessment
R.L. Breton, R. Teed, D. Moore, Intrinsik Environmental Sciences, Inc;
M.F. Winchell, Stone Environmental, Inc. / Environmental Systems
Modeling; L. Phelps, ADAMA
A national endangered species assessment (NESA) is currently underway
for diazinon, an organophosphate pesticide, and one of the three case
study pesticides (i.e., chlorpyrifos, malathion, diazinon) being evaluated
by the US Environmental Protection Agency (USEPA) and the US Fish
and Wildlife Service (USFWS). A problem formulation summarizes the
best available fate, behavior, and effects data, and provides a conceptual
model and analysis plan for a conservative screening-level risk assessment (SLERA). The SLERA was used to determine which threatened
and endangered aquatic and terrestrial species and their critical habitats
could potentially be at risk from exposure to diazinon. The SLERA
results were then combined with the results of the co-occurrence analysis
prepared by the FIFRA Endangered Species Task Force (FESTF), and
listed species were then retained or removed from further consideration
in the NESA. Data sources and input parameters are discussed and

sources of uncertainty identified. A weight-of-evidence assessment using
multiple lines of evidence will also be discussed to provide context to the
screening-level risk assessment conclusions.
MP147 National Endangered Species Assessment for Malathion:
Refined Aquatic and Terrestrial Ecological Risk Assessment
R. Teed, R.L. Breton, D. Moore, Intrinsik Environmental Sciences, Inc; P.
Whatling, Cheminova, Inc. / Senior Manager of Regulatory Science
A national endangered species assessment is currently underway for
malathion, an organophosphate pesticide, and one of the three case study
pesticides (e.g., chlorpyrifos, malathion, diazinon) being evaluated by the
US Environmental Protection Agency (USEPA) and the US Fish and
Wildlife Service (USFWS). A conservative screening-level risk assessment (SLERA) was previously conducted to determine which threatened
and endangered terrestrial species and their critical habitats could
potentially be at risk from exposure to malathion. Spatial data were also
applied to evaluate co-occurrence and proximity to malathion use patterns. The SLERA used highly conservative assumptions to generate risk
estimates. A refined aquatic and terrestrial ERA was conducted using
more realistic assumptions based on the best available data to characterize exposure, potential effects, and risk to the identified listed species.
As recommended in the National Academy of Sciences Panel Report
(NAS), methods applied included probabilistic analyses. We conduct
these analyses for entire receptor groups, focal species as surrogates, and
where appropriate specific listed species. Selected data sources and input
parameters will be discussed and sources of uncertainty identified. A
weight-of-evidence assessment will be described and multiple lines of
evidence evaluated to provide support and context to the risk conclusions.
MP148 A refined ecological risk assessment for the California RedLegged Frog potentially exposed to malathion
R.L. Breton, Intrinsik Environmental Sciences, Inc.; Y. Kara, Wilfrid
Laurier Univ; S.I. Rodney, Intrinsik Environmental Sciences / Biology;
G. Manning, Intrinsik Environmental Sciences Inc; M.F. Winchell, Stone
Environmental, Inc. / Environmental Systems Modeling; T.L. Estes, Stone
Environmental, Inc.; J. Hanzas, Stone Environmental, Inc. / Agrochemical
Fate and Exposure; K. Szita Toth, Univ of Miskolc / Inst of World and
Regional Economics; P. Whatling, Cheminova, Inc.
The California red-legged frog (Rana draytonii) is endemic to California
and Baja, Mexico. The species was listed as threatened in 1996.
Populations remain in approximately 256 streams and drainages in 28
counties in California. Under the Federal Insecticide, Fungicide and
Rodenticide Act, the US Environmental Protection Agency (USEPA)
registers pesticides for use in the US. Registration or reregistration of a
pesticide is the authorization of a “federal action” under the Endangered
Species Act. As such, USEPA is required to ensure that pesticide registration actions are unlikely to jeopardize threatened and endangered
species or their critical habitat. In 2007, USEPA issued their malathion
effects determination for California red-legged frog (CRLF). Based on
their conservative and deterministic risk assessment, USEPA made a
Likely to Adversely Affect (LAA) determination for the CRLF. After
the release of the National Academy of Sciences panel report (NAS,
2013), the USEPA, USFWS, NMFS and USDA adopted an interim
approach for conducting endangered species assessments for pesticides.
The interim approach consists of 3 steps: (1) a conservative analysis to
determine which listed species could be exposed, (2) refined analyses to
determine risks to individuals, and (3) population modeling to determine
if species are in “jeopardy” from pesticide use. Currently, the interim
3-step approach is being tested with 3 case study pesticides including
chlorpyrifos, diazinon and malathion. In light of the current interim
approach and the need for improved risk estimation, a refined assessment
was carried out and focused on direct and indirect effects to the CRLF.
Three worst-case scenarios for exposure of CRLF and their prey to malathion in California were investigated. Refined modeling was undertaken
including the use of the Soil and Water Assessment Tool (SWAT) to
predict aquatic EECs in the water bodies within the CRLF critical
habitat. We also used a weight-of-evidence approach and evaluated
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independent lines of evidence (e.g., incident reports and field studies).
The results of the weight-of-evidence assessment for the CRLF and its
prey potentially exposed to malathion will be presented.
MP149 A refined ecological risk assessment for the delta smelt potentially exposed to malathion in California
R.L. Breton, Intrinsik Environmental Sciences, Inc.; M.F. Winchell, Stone
Environmental, Inc. / Environmental Systems Modeling; S. Teed, Intrinsik
Environmental Sciences Inc.; L. Padilla, Stone Environmental, Inc.; G.
Manning, Intrinsik Environmental Sciences Inc; S.I. Rodney, Intrinsik
Environmental Sciences / Biology; Y. Kara, Wilfrid Laurier Univ; D.
Moore, Intrinsik Environmental Sciences Inc; P. Whatling, Cheminova, Inc.
The Delta smelt (Hypomesus transpacificus)is an annual fish endemic to
the Sacramento-San Joaquin Estuary. The species was listed as threatened on March 5, 1993 by the US Fish and Wildlife Service (USFWS).
Under the Federal Insecticide, Fungicide and Rodenticide Act, the US
Environmental Protection Agency (USEPA) registers pesticides for use
in the US. Registration or reregistration of a pesticide is the authorization of a “federal action” under the Endangered Species Act. As such,
USEPA is required to ensure that pesticide registration actions are
unlikely to jeopardize threatened and endangered species or their critical
habitat. In 2010, USEPA issued their malathion effects determination
for Delta smelt (DS). Based on their conservative and deterministic
risk assessment, USEPA made a Likely to Adversely Affect (LAA)
determination for the DS. After the release of the National Academy of
Sciences panel report (NAS, 2013), the USEPA, USFWS, NMFS and
USDA adopted an interim approach for conducting endangered species
assessments for pesticides. The interim approach consists of 3 steps: (1) a
conservative analysis to determine which listed species could be exposed,
(2) refined analyses to determine risks to individuals, and (3) population
modeling to determine if species are in “jeopardy” from pesticide use.
Currently, the interim 3-step approach is being tested with 3 case study
pesticides including chlorpyrifos, diazinon and malathion. In light of the
current interim approach and the need for improved risk estimation, a
refined assessment was undertaken and focussed on direct and indirect
effects to the DS. The Soil and Water Assessment Tool (SWAT) was
used to predict aquatic EECs in the water bodies within the DS critical
habitat. The application of the SWAT model considered all uses of malathion within the watershed draining into the California Delta, including
the Sacramento and San Joaquin drainages. We also used a weight-ofevidence approach and evaluated independent lines of evidence (e.g.,
incident reports and field studies). The results of the weight-of-evidence
assessment for the DS and its prey potentially exposed to malathion will
be presented.

Fate and Effects of Chemicals from Diffuse
Sources and Stormwater
MP150 Organochlorine pollutants in Escambia Bay, Florida: Origin
and potential impacts
J. Liebens; C.J. Mohrherr, Univ of West Florida
We assessed potential sources and environmental impacts of organochlorine pollutants in sediment of the Escambia River and Bay system
(ERBS) in Northwest Florida, USA, which went through major environmental crises in the 1970s as a result of unregulated industrial and
domestic sewage releases. We collected fifty-seven composite sediment
samples with a ponar grab sampler. Organochlorines were extracted
with USEPA Method 3550 and concentrations were determined with
USEPA Method 1668A for PCBs, USEPA Method1613B for PCDD/
Fs and USEPA Method 8081A for 4,4’DDT, 4,4’DDD and 4,4’DDE.
Principal component analysis of the congener profiles of the sediment
PCBs and common Aroclors demonstrates that major similarities exist
between the congener profiles of the sediment PCBs and pre-1971
Aroclor 1254. Chronologically, pre-1971 Aroclor 1254 corresponds to
the time of a documented spill of PCBs from a factory on Escambia

242 | SETAC North America 36th Annual Meeting

River just upstream of Escambia Bay. Three of the dominant sediment
PCB elutions from ERBS sediment consist of single congeners, two of
which (PCB 118 and PCB 110) are dominant PCBs in pre-1971 Aroclor
1254. Current PCB concentrations are well below those from soon after
the spill but they are still highest in the river sediment near the factory,
which corroborates the notion that current PCBs originate from the
spill. PCB concentrations are also elevated in the upper bay near a site
of a former and current chemical plant and thus, a multisource origin for
the PCBs cannot be excluded. PCDD/Fs were detected throughout the
ERBS. No specific section of the ERBS is suggested by the data for the
origin(s) of the PCDD/Fs but the controlled burns and wild fires that
frequently occur in the lower wetlands may be a significant source of the
PCDD/Fs. The mean TEQ of the dioxin-like PCBs and the PCDD/
Fs combined exceeds the US NOAA TEL for total TEQ in 56 % of the
samples, implying that these organochlorines may have a negative impact
on biota in the sediments. DDT was found in about 25% of the samples.
Samples with detected DDT were located in Escambia River and the
nearby riverine wetlands. The detected DDT concentrations exceed the
Florida PEL (4.77 µg/kg). DDT degradation products, DDD and DDE,
were not found in the samples. This absence of breakdown products has
to be verified but, if real, suggests that illegal use of DDT may be taking
place unless some undescribed mechanism has prevented DDT breakdown or favored rapid DDD and DDE leaching.
MP151 Performance of Commercial Ion Exchange Resins for
Enhanced Copper Removal in Bioretention Media
K.M. Hauser, R. Hana, N.A. Hartig, D.R. Ownby, R.E. Casey, Towson
Univ / Chemistry
Bioretention structures such as planter boxes, swales and rain gardens are
being increasingly utilized in built landscapes as a strategy to attenuate
both stormwater flows and contaminant loads. Copper roofing materials
can contribute much higher mass loads of dissolved copper per unit area
than other surfaces such as parking lots and roadways. While a recent
study demonstrated that conventional bioretention media can remove
over 90% of copper from copper roof runoff, the median discharged Cu
concentrations from bioretention structures (66 µg L-1) still did not
achieve the lowest copper levels sought by some jurisdictions (< 10 µg
L-1). In this laboratory column study, a commercial cation exchange
resin, sold as replacement media for home water softeners, was evaluated for its ability to enhance the performance of bioretention media
for copper removal. The resin is sold in the sodium form, however both
sodium-form and hydrogen-form resin were evaluated in the laboratory.
Hydrogen-form resin was generated by repeatedly washing commercial resin with an HCl solution. All resin treatments were compared to
controls composed of conventional bioretention media with no added
resin. Artificial stormwater containing 1000 µg L-1 was added to each
column in 500 mL increments. When resin was included as a separate layer under a column of conventional media, hydrogen-form resin
showed immediate improvement of copper retention, resulting in outlet
copper concentrations from of 53 µg L-1 compared to 130 µg L-1 from
controls. Sodium-form resins showed an initial phase of negative performance in which copper export in resin-amended columns exceed that of
controls. However, upon subsequent additions of artificial stormwater,
copper concentrations in resin-amended columns declined and achieved
10 – 25% decreases in copper export compared to control columns.
Subsequent sample analysis demonstrated that the phase of copper
export coincided with high sodium export from the columns. Thus it
appears that sodium-form resin has less potential for copper removal, but
that after an equilibration period may behave more like hydrogen-form
resin and offer a net benefit for copper retention. Further experiments
will evaluate potential pre-treatment options for commercial resins and
seek to optimize the composition of enhanced bioretention media with
alternative amendments.
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MP152 Pollutant Removal Efficiencies of Self-Converted Dry
Detention Ponds in Baltimore County, MD
R. Owen, KCI Technologies, Inc; N.A. Hartig, Towson Univ / Chemistry;
C. Hill, M. Pieper, KCI Technologies, Inc.; R.E. Casey, Towson Univ
/ Chemistry; K. Brittingham, S. Stewart, Baltimore County / Dept of
Environmental Protection and Sustainability; D.R. Ownby, Towson Univ
/ Chemistry
Stormwater ponds have become a common best management practice
(BMP) for the management of runoff from impervious surfaces in
suburban and urban landscapes. These ponds range from constructed
depressions designed to detain and slow stormwater runoff to allow some
sedimentation to occur or can be deeper more engineered structures that
hold water year round. In this study, ponds designed to have short hydroperiods, and therefore be dry most of the time, were evaluated for their
pollutant removal efficiencies. Over time, these ponds can convert from
“dry” ponds to ponds that have wetland characteristics (soils, plants) and
may also hold water for longer periods of time. Apportioning appropriate credit to ponds is key in the TMDL process. This ongoing study has
collected data from six ponds (three control and three self-converted),
since August 2014. Inlet and outlets have continuous water level sensors
installed for continuous flow record and during selected rainfall events,
grab samples were collected at inlet(s) and outfalls during the rise, at the
peak, and during the falling limb of the hydrograph. Grab samples are
analyzed for TSS, Total N, nitrogen species, Total and Ortho-P, and
major ions (Na, Cl). Pollutant loading and removal efficiencies are based
on flow-weighted event mean concentrations. Endpoints of this study
will include data to potentially revise TMDL assumptions and assist
Baltimore County in determining whether restoration activities are necessary for self-converted ponds to maintain pollutant load reductions.
MP153 Biosolids as a Concentrating Process for Diffuse PCB Sources
in an Urban Environment
T. Needham, Univ of Maryland Baltimore County / CBEE; U. Ghosh, Univ
of Maryland Baltimore County / Chemical Biochemical and Environmental
Engineering
Polychlorinated Biphenyls (PCBs) continue to impact the environment
despite their ban in the 1970’s with many areas still acting as ongoing diffuse sources. One potential ongoing source for PCBs is through
municipal and storm water sewer systems. PCBs in wastewater influent
concentrate in the biosolids generated by the wastewater treatment plants
(WWTPs) especially ones that have served industrial clients in the past.
Biosolids, in the form of centrifuged cake, were sampled over the course
of one year from March to December 2014 from wastewater treatment
plants in the Baltimore, MD area. One treatment plant located in the
former industrial part of the city, showed an average PCB concentration
of 600 ug/kg in the biosolids leaving the plant. A combined approach
utilizing polyethylene (PE) passive samplers and bulk solids sampling
were deployed to determine the fate and possible ongoing sources of
PCBs to the plant. Currently the industry best management practice
is land application of biosolids for disposal in both agricultural and
non-agricultural lands creating the potential for new diffuse sources of
PCBs removed from traditional urban or industrial sources. The primary
exposure of PCBs from land-applied biosolids is to the terrestrial ecosystem, largely through the uptake in earthworms. A bioaccumulation study
was conducted to evaluate uptake of PCBs from land-applied biosolids
in earthworms. Activated carbon and biochar amendments to biosolids
were tested to determine the effects on bio-uptake by Eisenia fetida in
biosolid amended soils as a risk reduction tool by adsorbing PCBs to
black carbon and reducing bioavailability to terrestrial food webs.

Human Exposures to Chemicals in Consumer
Products
MP154 USEPA’s Safer Choice Program evaluation of ingredients
within personal care products
J.G. Suski, USEPA / Safer Choice Program; E.T. Lavoie, USEPA / Office of
Pollution Prevention and Toxics
The US Environmental Protection Agency’s Safer Choice Program is
currently working to expand Safer Choice recognized products into the
Personal Care Sector. To date the program has largely focused on cleaning products. The Safer Choice program intends to label safer Personal
Care Product (PCP) formulations by assessing chemical ingredients
and identifying those that qualify as safer alternatives to ingredients
that do not pass Safer Choice criteria. The approach is based on the
DfE standard for Safer Chemicals that uses specific criteria for health
and environmental endpoints to define safer chemicals. The standard is
being applied to personal care products to determine if it is protective
for this product sector or if additions and exceptions may need to be
added to specifically address the use profiles and chemistry of personal
care products. To begin integrating personal care products into the
safer choice program we have identified and created a database of 400
chemicals found in rinse-off cleansing products that may contain less
hazardous ingredients. The most prevalent chemical groups identified
for these products are processing aids, solvents, surfactants and essential
oils. Ingredients within these chemical groups are being evaluated for
hazards to aquatic organisms and humans using the Safer Choice Master
Criteria. Thus far we have found a small number of products that may
be considered acceptable as all product ingredients satisfy the master
criteria. These products are identified as facial cleansers, body wash and
baby shampoo. This effort will ultimately aid consumers in identifying
personal care products within the marketplace that are safer for both
them and the environment. The views expressed in this abstract are those
of the authors and do not represent USEPA policy or endorsement.
MP155 A Suite of Integrated Predictive Models for the Evaluation of
Consumer Exposures to Organic Chemicals in Paper Products
M. Posson, Exponent, Inc. / Occupational and Environmental Health Risk
Assessment; K. Bogen, M. Glomski, P.J. Sheehan, Exponent / Health Sciences
A suite of models was developed to estimate consumer exposures to
organic chemicals in paper packaging for foods. These models can
address the need for standardizing approaches for evaluating food packaging in light of increased regulatory awareness of chemicals in food in
both the United States and International arenas. These models estimate
chemical dose to consumers for various paper product categories using
corresponding representative NHANES 2003–2008 food-consumption
data for selected packaged foods and migration-related physico-chemical
parameters compiled for more than 120 chemicals (e.g., molecular
weight, temperature-specific vapor pressure, water solubility, and log
octanol-water partition coefficient). Data from a review of more than 80
published studies on chemical migration from paper into food products
and food simulants were extracted into a database used to fit physicochemical regression (PCR) models that predict the extent of chemical
migration over time using three different paper characteristics (basis
weight, presence of paper coating, and contact surface area), for four
categories of foods (e.g., dry fatty foods, dry non-fatty foods, liquid or
semisolid fatty foods (LSSF), water and aqueous liquids) under seven
different conditions of storage and handling. The models developed
address exposure by ingestion, wet-dermal contact, dry dermal contact,
and inhalation. The resulting chemical doses generated from the PCR
models can be used for screening purposes for the evaluation of consumer exposures to organic chemicals in paper packaging for regulatory
purposes including regulatory compliance, product stewardship goals,
and risk management and communication. Examples of assessments
of consumer exposures to chemicals released from paper packaging are
provided to demonstrate the utility of the PCR models.
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MP156 Assessing Formaldehyde Exposure from Consumer Hair Care
Products
M. Posson, Exponent, Inc. / Occupational and Environmental Health Risk
Assessment; R. Kalmes, J. Fedoruk, Exponent Inc
Formaldehyde exposures to hair smoothing personal care products have
been a recent focus of media attention and government agencies. This presentation descries an approach to characterize and quantify the potential
inhalation exposure of salon stylists to formaldehyde associated with the
use of professional hair smoothing products under typical and representative salon conditions. In-salon measurements of formaldehyde were
made to support average short-term and long-term estimates of airborne
formaldehyde levels associated with product use. Such measurements
directly take into account use procedures and variability in application of
the smoothing products by stylists. Air samples were collected at numerous commercial hair salons over several years. Personal air samples were
collected from the breathing zones of hair stylists over the full duration of
the treatment that included four distinct steps: pre-application preparation, application, blow-drying, and ironing. Pre- and post-area treatment
samples were also collected. Samples were collected and analyzed using
either NIOSH Method 2016 or USEPA Method TO-15. Although all
formaldehyde concentrations were well below the OSHA PEL (0.75
ppm) and STEL (2 ppm) in some cases, task-specific formaldehyde
concentrations were above the ACGIH Ceiling limit (0.3 ppm). The
tasks associated with the highest exposure levels were further evaluated
to determine control methods to lower the short-term air concentrations.
This study confirmed the value of sampling actual use conditions and
assessing factors such as application method, amount of product used and
ventilation in quantifying potential inhalation exposures.
MP157 Assessing Incidental Hand-to- Mouth Exposure to Lead from
Consumer Products
R. Kalmes, Y. Lowney, Exponent Inc; P.J. Sheehan, A. Singhal, Exponent /
Health Sciences
A wide variety of consumer products have been the subject of Consumer
Product Safety Commission evaluations, as well as Proposition 65
actions with particular focus on potential incidental ingestion of lead
from hand-to-mouth contact after handling and use of the consumer
product. Any appropriate exposure assessment of the hand-to-mouth
pathway for lead must address the products unique features, use patterns and conditions of handling. Results of exposure simulation data
for different types of products are presented. Lead content measured
in the product and lead concentrations measured from a direct product
wipe and from fingertips and palms after contact with the product are
presented and compared. Use simulations followed by hand/fingertip wipe measurement provide more reasonable estimates of potential
exposure than direct product wipes and lead content measurements for
assessing exposure. Variability within and between subjects must also
be considered when conducting exposure simulation studies. Examples
of how hand/fingertip wipe measurements are combined with behavior
observations to determine more realistic measurements of exposure from
the hand-to-mouth pathway are provided.
MP158 Wearable Technology Products and Allergic Contact
Dermatitis: Chemical Exposure and Risk Assessment Challenges &
Developments
K.T. Bogen, Exponent, Inc. / Health Sciences; P.J. Sheehan, A. Singhal,
R. Kalmes, V. Volberg, Exponent / Health Sciences; M. Garry, Center for
Toxicology and Mechanistic Biology
Wearable “e-products” with electronic components are increasingly
being introduced to consumers without formal testing and assessments
of biocompatibility, chemical migration, dermal uptake, and health
risk. Some products that measure and track physiological functions
involve prolonged skin contact with plastic and metal components under
occluded conditions. Recent media reports describe occurrences of wearable technology products causing skin reactions due to allergic contact
dermatitis (ACD). European Union (EU) standards (e.g., EN 1811) for
acceptable leached amounts of certain metal allergens (nickel, chromium)

244 | SETAC North America 36th Annual Meeting

from consumer products that come into extended contact with skin, and
restrictions on a few allergenic fragrance chemicals in cosmetic products, are not readily adapted to wearable e-products and do not quantify
ACD risk. To address this gap, a quantitative approach was developed
to assess chemical exposure and ACD elicitation risk for such products. E-product testing involves using an artificial sweat solution, over
varying time periods, to reflect product-specific exposure-use scenarios
and analyzing leachate for sensitizing organic chemicals and metals.
Consistent with clinical ACD-related exposure-characterization practice, potential applied “dermal load” or dose is assessed as µg/cm2/unit
time. ACD elicitation risk was first modeled as the % of sensitized user
population expected to have ACD reactions at specified dermal loads,
for Ni, Cr(III), and Cr(VI), and based on an updated analysis of human
patch-test data (e.g., from 12 published studies involving 597 individuals
in the case of Ni). Related models of sensitized population response were
developed to address other sensitizing chemicals, many with limited
patch-test data. Results indicate that sensitizing metals (Ni, Cr, Co) and
sensitizing organics (primarily meth/acrylate and epoxy compounds) are
leached from a variety of tested wearable product prototypes. Dermal
loads were estimated to range from < 1 to >50 µg/cm2/week with chemical loads potentially posing a wide range of risks of ACD reaction in
sensitized users, with < 0.01% to >10% of the sensitized users expected to
react. This method can help manufacturers identify and avoid wearable
eproduct designs that pose high risk of leaching and causing ACD reactions, prior to introduction into consumer markets.
MP159 What is the purpose of ingredients used in household cleaning products? A study on the distribution of functions for ingredients
in products
P. DeLeo, P. DeLeo, American Cleaning Inst; C. Pacelli, EA Engineering,
Science, and Technology / Water and Natural Resources; S. Williams, Baylor
Univ; M.C. Ciarlo, EA Engineering, Science, and Technology
The American Cleaning Institute® (ACI) is the industry trade association
that represents the formulators of more than 90% of the consumer cleaning products in the United States. Recently, ACI set out to define and
publish the universe of ingredients used in its members’ products with the
goal of identifying the publicly available hazard data for every ingredient
and developing an associated exposure assessment and screening-level risk
assessment. To develop exposure estimates associated with the use of each
of the 900 cleaning product ingredients from the Ingredient Inventory
(http://www.aciscience.org/IngredientInventory.aspx), the function of
each ingredient in a particular formulation was researched. Ingredients
functions were defined in terms of functional use classes (FCs). Existing
FC lists such as USEPA’s Design for the Environment, REACH, AcToR,
INCI, manufacturer websites and other sources were reviewed and FCs
from each source compiled and compared. FC naming conventions and
assignments were then harmonized with the recently developed OECD
Functional Use Category listings. This presentation presents the methods
used to determine the appropriate FC(s) for each ingredient and fill data
gaps using alternate sources and read-across. It also presents trends in the
number of FCs and the distribution of FC types within broad cleaning
product categories (laundry care, dish care, hard surface cleaners).

Aquatic Toxicology and Ecology General –
Part 1
MP160 An Experimental Design for a 150-Day Fathead Minnow
(Pimephales promelas) Full Life-Cycle Exposure
J. Marini, Aquatic Ecotoxicology; L.E. Sayers, Smithers Viscient / Aquatic
Ecotoxicology; R.C. Biever, Smithers Viscient / Dept of Environmental
Toxicology
The fathead minnow (Pimephales promelas) remains a ubiquitous species
for fish life cycle assays. However, their life history (e.g., time to maturation) is long and reproductive data tends to be highly variable. Therefore,
evaluation of effects on fathead minnow reproduction and development
during exposures lasting for multiple generations is often limited by
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variable reproductive responses and the overall time required for the
exposure. One example is the Benoit (1981) test design, which outlines a
260-day exposure. In three fathead minnow full life-cycle exposures that
closely follow this guideline, the mean F0 generation maturation time for
four control data sets (four replicates each) was 100 days and reproductive
output was >40 eggs per female per reproductive day over a 42-day mean
spawning period. This design, as stated in Benoit (1981), initiates with <
24 hour-old embryos, monitors F0 generation development and reproduction, and concludes with F1 evaluation to four weeks post-hatch. This
refined fathead minnow full life-cycle test method yielded a reduced
overall exposure time (mean: 150 days) and spawning period (mean: 42
days) compared to the Benoit (1981) guideline. Even though the spawning period is condensed from the conventional design, all four controls
yielded consistent, high reproductive output. Coefficients of variation
were < 25% for all reproductive endpoints (eggs per female per reproductive day, spawns per female, and eggs per spawn), indicating high
statistical power in chemical hazard assessment analysis. This test design
illustrates efficient fathead minnow culturing and rearing methods as
well as consistent spawning activity over a six-week period to evaluate
chemical effects on fish including development, reproductive output, and
F1 hatchability and survival. A 150-day duration study design is more
in-line with other life cycle studies for other fish species such as medaka
(180 days), sheepshead minnow (110 days) or zebra fish (120 days).
MP161 Assessment of human-associated fecal bacteria markers in
stormwater outfalls
M.A. Stallard, Middle Tennessee State Univ / Molecular Biosciences; L.
Jarnagin, S.N. Youngman; F.C. Bailey, Middle Tennessee State Univ / Dept
of Biology
The USEPA recommends using fecal indicator bacteria (FIB), such
as Escherichia coli (E.coli), to assign impairment to recreational waters.
Members of the Order Bacteroidales have been recognized as promising
alternative FIBs, with some host-specific assays developed to identify
fecal pollution sources in water. There is evidence of proliferation of FIB
in unlikely matrices or “secondary habitats,” such as soils, vegetation,
and sediments, not involved with actual primary fecal deposition. If FIB
from historically deposited fecal inputs or even non-fecal sources are
transported to a waterbody by runoff or are resuspended with sediment,
then accurate assessment of water quality impairment and human health
risks may be skewed. Little research has been performed to evaluate
the extent to which biofilms serving as a secondary habitat to FIB and
pathogens in stormwater outfalls contribute to water quality impairment
and human health risks. Biofilms can provide protection from harsh
environmental conditions, contain concentrated nutrients for microbial
growth, and possibly create more interaction for gene transfer, such
as antibiotic resistance. Biofilm samples found in stormwater outfalls
draining impaired and unimpaired streams were collected 72 hours and
7 day after a rain event. Samples were analyzed for human-associated
Bacteroidales markers indicating presence of human sewage. Differences
were found between Bacteroidales markers for the time intervals and
impairment type. Information will be useful to stormwater managers and
regulatory agencies who need to implement best management practices
to minimize concentrations derived from stormwater outfalls.
MP162 Aurelia aurita: a prospective pelagic bioindicator
M. Lowder, B. Khan, Biology; W. Gray, Discovery Place, Inc.; A.H.
Ringwood, UNC-Charlotte / Dept of Biology
Estuarine and marine systems are continually threatened by anthropogenic modifications and inputs. Benthic bioindicator species such as
bivalves are well-established models for characterizing ecosystem health,
but there are few invertebrate bioindicator species for characterizing
potential impacts in pelagic realms. Gelatinous zooplankton constitutes a
significant portion of biomass in many of these systems. Macroplankton,
such as the scyphozoans (jellyfish), are found in estuarine and marine
systems in the free-swimming medusa form as well as benthic systems in
the sessile polyp form. Thus, scyphozoans of the medusa form may prove
to be valuable bioindicators and provide increasing knowledge regarding
the effects of anthropogenic stressors in pelagic estuarine and marine

systems. Furthermore, a cosmopolitan scyphozoan, such as Aurelia aurita,
should serve as a valuable model organism for establishing a framework of
knowledge that can be applied to other scyphozoans. Heavy metals, such
as copper, are a major anthropogenic pollutant found throughout aquatic
systems. However, there are few accounts of copper contaminant effects
on scyphozoans in terms of biochemical markers, or reported differences
of responses between polyps and adult medusa. We explored a variety of
biochemical markers to evaluate sub-lethal effects in Aurelia aurita when
exposed to a range of copper concentrations, 5ppb to 50ppb, for 48 hrs.
Acute toxicity (mortality) effects were observed at 50ppb in medusa, yet
unobserved in polyps. We found that lysosomal destabilization assay was
the most sensitive assay when compared to glutathione and lipid peroxidation. No adverse effects were seen in either medusae or polyps at 5ppb.
Aurelia aurita medusae and polyps exhibited sub-lethal effects at 25ppb,
but the polyps were slightly less sensitive than the medusae. This suggests
that the polyps may be more tolerant of copper exposures. These results
were compared to other metal-exposed cnidarians to determine differences in metal sensitivity between species. In determining sensitivity
for an assay, results should be compared to other species for which data
is established. Biochemical markers provide useful tools in determining
molecular responses to contaminants that may have an affect on A. aurita
populations and are valuable for identifying species-specific sensitivities.
These tests can then further be used to assess ecological implications at
the community and population levels.
MP163 Deciphering Causes of Biological Impairment in a Heavily
Urbanized Watershed
J.M. Diamond, Tetra Tech, Inc.; C. Boschen, A. Roseberry-Lincoln, Tetra
Tech; R. Kolb, City of San Diego
Streams in the Southern California coastal region such as the lower San
Diego River (LSDR) are affected by many stressors originating from
urban land uses, radical changes in precipitation regime and stream flow,
and hydrological modifications. Prioritizing effects of specific stressors
that can inform appropriate management actions is a challenge requiring a holistic technical approach. Biological condition in the LSDR
is impaired and several stressors have been implicated including high
dissolved solids or conductivity, pyrethroid insecticides, excess nutrients,
and poor habitat quality (e.g., sedimentation, channelization). Using land
cover and available biological, habitat, water quality, and hydrological
information, we evaluated the relative impact of different stressors in
the LSDR using watershed and ecoregion-based analyses. The Random
Forest Model was used to rank stressors affecting the macroinvertebrate
assemblage, and sensitive mayfly, stonefly, and caddisfly taxa (EPT)
specifically, which indicated that conductivity and nutrients (total phosphorous) were the most important stressors. Propensity score analysis
was used to help decipher these co-varying stressors, indicating that
conductivity was the major factor affecting macroinvertebrate integrity
in this watershed and possibly the LSDR. Using species trait information (for hydrological stressors and conductivity) and capture probability
analyses based on generalized additive models with ecoregional biological data, we developed tolerance values for many macroinvertebrate taxa
in the ecoregion that were used to help further identify primary causes
of biological impairment in the LSR. We observed some inconsistencies
between laboratory and apparent field sensitivity of certain taxa to water
quality stressors in the LSDR. Species sensitivity distribution analyses
based on laboratory toxicity data yielded certain predictions regarding effects of chloride or pyrethroids that were not supported by field
information from the LSDR. A more comprehensive use of available
field data, using different multivariate tools appeared to yield more useful
results in this case study.
MP164 Determining the Presence and Survival of Fecal Bacteria in
Murfreesboro, Tennessee USA Storm Drains
S.N. Youngman; L. Jarnagin, Middle Tennessee State Univ / Biology; M.
Stallard, Middle Tennessee State Univ; F.C. Bailey, Middle Tennessee State
Univ / Dept of Biology
Escherichia coli is a commonly used fecal indicator bacteria (FIB) in the
assessment of water quality for regulatory purposes in the USA. If a body
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of water in the state of Tennessee, USA is found to have concentrations of
E. coli greater than the recreational limit (defined as >126 colony forming
units/100mL of water), it is then placed on a list of water bodies called
the “303d” list and is considered to be impaired. Recent research has
shown that E. coli survives and potentially multiplies outside of the gut
of host organisms in alternative aquatic environments such as sediments
and biofilms. If so, biofilms present in municipal storm drains that flush
directly into recreational water bodies may be acting as false “recent fecal
inputs” during storm events. The objective of this study is to determine if
E. coli survives and multiplies in storm drains in Murfreesboro, Tennessee
USA. Extensive E. coli sampling has been completed and streams that are
impaired and unimpaired for E. coli have been identified. Biofilm samples
were collected from storm drains feeding into impaired and unimpaired
streams, both at 72 hours and 7 days following a rain event. A comparison of E. coli concentrations in biofilms from storm drains that feed into
impaired and unimpaired streams showed differences by location and
time. Such findings could aid policy makers in determining the efficiency
of E.coli use as an indicator of recent fecal input.
MP165 Development of a monitoring tool for the Saint John Harbour
using caged blue mussels (Mytilus spp.)
V.A. McMullin, Univ of New Brunswick Saint John / Biology; S.C.
Courtenay, Univ of Waterloo / Biology; K.R. Munkittrick, COSIA
Long-term exposure to anthropogenic stress may lead to the degradation
of ecosystem health. Specifically, exposure to anthropogenic stressors
may be detrimental to fish and benthic populations, impacting reproduction, energy storage, condition, and the overall fitness of these species.
There is considerable interest in understanding the significance of these
anthropogenic disturbances in the Saint John Harbour. The overall
objective of this study was to develop a monitoring tool for the Saint John
Harbour using the proposed sentinel species – the common blue mussel
(Mytilus spp.). This study investigated mortality, growth, energy storage,
reproduction, and the bioaccumulation of contaminants in Mytilus spp.
from 2011 to 2014. Adult mussels were collected by hand from a collection site in St. Andrews, New Brunswick, as well as provided by Cooke
Aquaculture, when necessary. One hundred adult mussels (size > 50 mm)
were caged, 10 per mussel sock, attached to 1 m2 ABS frames throughout
sites of interest in the Saint John Harbour. Tissue burden analyses were
conducted on soft tissues by investigating the presence of trace metals,
PAHs, and PCBs. Endpoints were analyzed using the analysis of variance
(ANOVA) and analysis of covariance (ANCOVA). Trace metals were
compared against NOAA published guidelines for shellfish monitoring in
the Gulf of Maine. Inner harbour sites experienced the greatest mortality (e.g., 44% mortality at the inner most site). Statistical significance
was observed in several trace metals including Cd, Cr, Fe, Pb, and Ni,
between sites (p< 0.001). Differences were also observed in mantle weight
and condition index between sites (p< 0.001). The results of this study
could form the basis for the development of a quality assurance protocol to
effectively utilize blue mussels as a viable sentinel species for environmental effects monitoring in Saint John Harbour.
MP166 Development of Amine Oxide Specific QSARs for Aquatic
Toxicity
J. Brill, The Procter & Gamble Co. / Environmental Stewardship and
Sustainability; J.M. Rawlings, The Procter & Gamble Company /
Environmental Stewardship and Sustainability; K. McDonough, P&G
/ Environmental Stewardship; S.E. Belanger, The Procter & Gamble
Company / Central Product Safety Dept; G.J. Carr, Global Statistics and
Data Management
Amine oxide is a high volume surfactant used in down the drain consumer cleaning products such as laundry detergents and dishwashing
liquids. Much of historical toxicity data has been conducted on UVCB
amine oxide substances typically used in cleaning products which include
predominantly the C12 and C14 amine oxide homologues. This work
aimed at evaluating toxicity of each chain length (C8-C16 AO) in order
to gain understanding into the effect of chain length on toxicity to
algae, fish and invertebrates. To execute this, a series of definitive acute
aquatic toxicity studies coupled with analytical analyses were conducted
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following OECD 201, 202, and 236 protocols for C8 through C16
amine oxide. Interestingly, orders of magnitude differences in inhibition to algae were observed across the range leading to unusual QSAR
shapes. The relationships are different from the classical exponential or
linear QSAR’s typically used to describe the aquatic toxicity of surfactants. This suggests an atypical mechanism of action beyond surfactant
hydrophobicity only. The data from the toxicity studies was used to
develop AO quantitative structure relationships (QSARs) for each species in order to better understand the toxicity of each chain length and
corresponding mixtures for risk assessment purposes. This poster presents newly developed algal, daphnid and fish QSARs for amine oxide
that will be used to develop a chain length specific Species Sensitivity
Distribution (SSD) that can be used to evaluate safety of any single chain
length or mixture of C8-C16 amine oxide and will form the basis of a
toxic unit assessment of amine oxide measured in effluents. Historic data
included in the amine oxide High Production Volume (HPV) assessment
and REACH Dossier will be compared with the current findings.
MP167 Ecological Effects and Ecotoxicity Benchmarks for Hypoxia
G.C. Weber, ERM; M. Shibata, ERM, Inc. / Risk Services
Eutrophication is the addition of nutrients that stimulates the excessive
growth of phytoplankton, alga, and other aquatic plants. The negative
environmental impacts include hypoxia (depletion of dissolved oxygen) in the receiving water body which may result in the mortality of
aquatic biota. Eutrophication is a leading cause of impairment of inland
freshwater waterbodies and the rise in eutrophic events in California
has been attributed to the increase in intensive agricultural practices
and industrial activities, which have increased nitrogen and phosphorus
loading to aquatic ecosystems. Hypoxia is not typically a CERCLA or
RCRA stressor. USEPA has published recommended water quality criteria for dissolved oxygen in its 1986 Goldbook. However, basic screening
level benchmarks are often not sufficient to support the development of
a site-specific feasibility study to address hypoxia in a complex limnetic
ecosystem. This case study focuses on a eutrophic, thermally stratified inland lake in California that experiences seasonal mixing events.
To characterize adverse effects due to hypoxia, an extensive query of
the existing ecotoxicology literature was conducted and relevant studies
were reviewed. Key findings are summarized and defensible ecotoxicity benchmarks are reported. Where data are supportive, dose-response
relationships are presented. Uncertainties are discussed and use in an
ecological risk assessment is described.
MP168 Effects of Natural Sources on Nutrient Levels in Altered and
Unaltered Streams
S. Chappell, Arkansas State Univ; M. Kilmer, ASU Ecotoxicology Research
Facility; J.L. Bouldin, Arkansas State Univ / Biological Sciences
The Cache River Watershed, Arkansas, is listed as focus watershed of for
the Mississippi River Basin Healthy Watersheds Initiative, indicating
its potential as a source for nutrients contributing to the hypoxic zone
in the Gulf of Mexico. Although this watershed has been highly altered
to maximize agriculturally productive land, some unaltered areas still
remain. Nutrient inputs were expected to be higher in altered areas of the
watershed due to channel and riparian changes and surrounding agricultural land use. Dissolved nitrite (NO2-) and orthophosphate (PO4-3)
were higher at altered sites. However, dissolved nitrate (NO3-) concentrations at unaltered sites exceeded those at altered sites for at least part
of the sampling season. These results were based on sampling of only two
altered and two unaltered sites in a single sub-watershed of the Cache
River. The present study expanded sampling to include an additional
five unaltered sites in five sub-watersheds, over a second growing season
(2014) to determine if the increase in NO3- at unaltered sites was a
temporally or spatially isolated occurrence. Similar results were noted to
the previous study, with NO3- concentrations at unaltered sites exceeding those at altered sites during the latter portion of the growing season.
Here we present investigations to explain the increase in dissolved NO3at unaltered sites, including influence of leaf litter, anthropogenic inputs
and natural in-stream nitrification processes as well as results from
preliminary experiments testing these hypotheses.
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MP169 Effects of Water Hardness on Bacterial Attachment to Fine
Sand
L. Jarnagin, Middle Tennessee State Univ / Biology; S.N. Youngman; M.A.
Stallard, Middle Tennessee State Univ / Molecular Biosciences; F.C. Bailey,
Middle Tennessee State Univ / Dept of Biology
Lees Spring Branch (Rutherford Country, Tennessee USA) is fed by
several springs that appear to have underground connections with
groundwater that could be coming from many sources, including urbanized areas and agricultural land. A two-part study was initiated on Lees
Spring Branch in 2014. In part one, nutrient and Escherichia coli sampling
was undertaken to determine seasonal concentrations of E. coli and
nutrients and to gather baseline data before future planned development
in the area. Concentrations of E. coli were found to exceed the Tennessee
Dept of Environment and Conservation recreational limit (126 colony
forming units/100mL) at most sites tested along Lees Spring Branch
during spring, summer and fall and values were approximately 3-4 times
higher during storm events. Many studies have recognized that bacteria
attach to substrates such as soil, sediments or algae and are potentially
washed into streams and carried downstream attached to these substrates
during storm events. Both biotic and abiotic variables may affect bacterial
substrate attachment (e.g., hardness, nutrient concentrations, pH, or bacterial strain). In part two of the study, the effect of water hardness on E.
coli attachment to fine sand (i.e., particle size < 220 um and > 90 um) was
examined. Attachment of two environmental strains and one laboratory
strain of E. coli were tested at 5 levels of water hardness (very soft, soft,
moderately hard, hard, and very hard). Known concentrations of E. coli
were added to flasks containing water of differing hardness. The flasks
were then shaken for 20 minutes and allowed to settle for 2 minutes
and the concentration of E. coli in the supernatant was determined. By
difference from the initial concentration, the fraction of E. coli attached
was determined. Differences in attachment at differing hardness will be
reported.
MP170 Effects of water hardness on the swimming performance and
metabolic status of freshwater fish species
A. Manek, B. Dillman, Univ of Lethbridge / Biological Sciences; C. Meays,
Ministry of Environment; L.P. Weber, Univ of Saskatchewan / Toxicology
Research Centre; G.G. Pyle, Univ of Lethbridge / Biological Sciences
Discharged industrial effluents can result in a considerable increase in
water hardness (calcium and magnesium ions). Contrary to this, some
waterbodies are witnessing a decline in calcium concentrations (e.g.,
lakes in eastern Canada) which as a result can lower water hardness
in impacted waterbodies. Scientific evidence suggests that increasing
water hardness ameliorates against metal toxicity in aquatic organisms. However, not much is known about the effects of acute changes in
water hardness by itself on the physiology (swimming performance) and
metabolism (triglycerides and glycogen) in aquatic organisms such as
fathead minnows or rainbow trout. Swimming performance can be used
as an indicator for hardness-induced effects related to ion-regulation, gas
exchange, and metabolism in a fish. Adult fathead minnows and juvenile
rainbow trout acclimated to varying hardness concentrations (5, 50, 600
and 1200 mg/L as CaCO3) are currently being assessed for their endurance swimming performance (Ucrit) and metabolic status (triglyceride
and glycogen analysis). Post exhaustion, liver and muscle samples were
collected from exposed fish for triglyceride and glycogen measurements.
Preliminary assessment of swimming performance in fathead minnows
suggests that exposure to 50 mg/L as CaCO3 and 600 mg/L as CaCO3
at a constant calcium:magnesium ratio may not affect endurance swimming performance (Ucrit). Ongoing Ucrit tests, and triglyceride and
glycogen analysis in across all the aforementioned hardness concentrations in these two species will shed light on their endurance swimming
performance and metabolic status. Based on evidence in the literature, a
change in water hardness (increase or decrease) in any water body could
have cascading effects from an organism to ecosystem level via trophic
transfer. Ultimately, findings of this study will provide useful information on effects of a change in water hardness at industry impacted sites
where hardness increase is being witnessed and sites where calcium
decline is reported.

MP171 Environmental Factors that Affect Target Susceptibility to
Bti Endotoxins
J. Iburg, R. Noblet, Univ of Georgia / Entomology
Proteins produced by Bacillus thuringiensis subsp. israelensis (Bti) are
highly toxic against black fly larvae. These protoxins must be ingested
by the larvae in order for mortality to ensue. Occasional reductions in
expected mortality have been observed when using products containing
these proteins for over a decade. Our research indicates that the efficacy
of a Bti application can depend on the types of suspended materials
in the waterway. Clay materials have little to no effect on Bti activity; however certain types of algal cells can have a significant effect.
Using fluorescent particles and videography we have been able to study
the feeding behavior of larvae when confronted with various types of
particles. With the exception of diatom frustules, materials with a larger
particle size had a greater effect on larval feeding behavior. Larvae
flicked their cephalic fans less often when confronted with large particles
and spent more time scraping material from them. Diatom frustules
caused larvae to retract their fans for long periods of time, most likely
due to abrasion. These changes in feeding activity may explain why there
has been less-than-optimum control in certain locations over the years.
MP172 Evaluation of whole mount in situ hybridization as a tool
for pathway-based toxicological research in early life stage fathead
minnows
J.E. Cavallin, USEPA; A. Schroeder, USEPA / Water Resources Center;
B.R. Blackwell, ORISE; K. Carlson, Univ of St. Thomas; K.M. Jensen,
M. Kahl, USEPA / National Health and Environmental Effects
Research Laboratory; E.C. Randolph, D.L. Villeneuve, USEPA / MidContinent Ecology Division; G.T. Ankley, USEPA / National Health and
Environmental Effects Research Laboratory
Early life stage fish can be more sensitive to chemical exposure than
mature, adult fish. Therefore, defining adverse outcome pathways (AOPs)
relevant to early life stages is critical for linking perturbations of key
events during fish development to potential adverse outcomes of chemical exposure. To determine chemical effects and/or mechanisms of action
in exposed fish embryos and larvae, whole mount in situ hybridization
(WISH) paired with quantitative polymerase chain reaction (QPCR)
assays hold excellent promise. While WISH has frequently been used in
zebrafish (Danio rerio) early life stage developmental work, this technology has not previously been applied to fathead minnows (Pimephales
promelas), another well-established laboratory small fish model. In the
present study, WISH was implemented in fathead minnow embryos and
larvae as a tool to aid in the development of AOPs associated with early
life stages. As a proof of concept, fathead minnow embryos were exposed
to the known estrogen receptor agonist, estrone (0, 18, and 1800 ng/L),
for 3 and 6 days in a solvent-free, flow-through test system. Relative
transcript abundance of three estrogen-responsive genes, estrogen
receptor-a (esr1), vitellogenin (vtg), and cytochrome P450-aromatase
B (cyp19b) was examined in pooled whole embryos using QPCR, and
spatial distribution of significantly up-regulated gene transcripts was
further examined using WISH in individual fish. After 3 d of exposure
to estrone, relative transcript abundance of esr1 and cyp19b was significantly up-regulated, while vtg mRNA expression was not significantly
affected. Transcripts for all three genes were significantly up-regulated
after the 6 d exposure to 1800 ng estrone/L. Subsequently, WISH assays
revealed spatial distribution of esr1 and vtg in the liver region, suggesting that estrone is activating estrogen receptors in the liver of exposed
embryos after 6 d of exposure. Using WISH (as a complement to
QPCR) to determine which specific tissues are targeted during chemical
exposure has potential to lend insight relative to those biological pathways perturbed by chemicals of interest. Consequently, WISH may be
particularly useful for further investigation of AOP development in fathead minnows, notably identification of tissue-specific alterations in key
molecular initiating events (e.g., ER activation in the liver in this study)
that may lead to subsequent effects on early life stage development.
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MP173 Generation of Tg(cyp1a: gfp) transgenic zebrafish for development of a chemical screening platform for aryl hydrocarbon receptor
activity
C. Li, H. Xu, Y. Li, G. Ng, Z. Gong, National Univ of Singapore
The dioxins and dioxin-like compounds as well as polycyclic aromatic
hydrocarbons are persistent organic pollutants causing multiple adverse
health effects on human and wildlife. Cyp1a is a commonly used
biomarker as it is sensitively induced by these pollutants through activation of the aryl hydrocarbon receptor (AhR) pathway. Here we used
medaka cyp1a promoter to successfully generated Tg(cyp1a:gfp) transgenic
zebrafish for establishing a convenient in vivo tool for analyzing these
xenobiotic contamination. The Tg(cyp1a:gfp) larvae at 4-5 day postfertilization were tested with 2,3,7,8-tetrachlorodiebnzo-p-dioxin (TCDD),
the most potent inducer of cyp1a expression, and GFP induction was
observed mainly in the kidney, liver and gut. Similarly, GFP expression
was also strongly induced by two dioxin-like chemicals, co-planar polychlorinated biphenyl (PCB126) and polychlorinated dibenzo-p-furan
(PeCDF), and relatively weakly by two other known AhR agonists,
3-methylcholanthrene (3-MC) and benzo[a]pyrene (BAP), In contrast,
there was no detectable GFP induction by heavy metals (sodium arsenate
and lead nitrate), indicating a specificity of Tg(cyp1a:gfp) zebrafish in
responding chemical inducers. The lowest observed effective concentration (LOEC) of TCDD was estimated to be about 1 pM and the
EC50 (effective concentration to induce GFP expression in 50% of
Tg(cyp1a:gfp) larvae) was about 10 pM. PCB126 and PeCDF had about
10 times lower potencies in induction of GFP expression than TCDD,
while the relative induction potencies for 3-MC and BAP were at least
1,000 times lower than TCDD. The sensitivity of Tg(cyp1a:gfp) larvae to
respond TCDD exposure were also favorable compared to the sensitivities of EROD (ethoxyresorufin-O-deethylase) assays in zebrafish fry and
adult livers, As GFP-based assay in transgenic zebrafish can be easily
accommodated in multi-well dishes, the Tg(cyp1a:gfp) zebrafish should
provide not only a valuable biomonitoring tool for aquatic contaminants,
but also a potential automatic, high-throughput chemical screening
platform for identification of new AhR agonists.
MP174 Hyalella azteca population level endpoints for assessment of
ecotoxicological stress
G.L. Ferreira, LEAL Laboratory of Ecotoxicology and Environmental
Microbiology School of Technology; G.d. Umbuzeiro, UNICAMP / Faculty
of Technology - LEAL; M. Flynn, LEAL Laboratory of Ecotoxicology and
Environmental Microbiology School of Technology
The integration of population-level endpoints in the evaluation of toxicological effects of contaminants is considered of greater ecological relevance
than the exclusive use of individual-level endpoints. Certain chemicals
can affect demographic parameters at concentrations much lower than
that indicated by traditional dose-response curve, resulting in population decline and extinction of populations. An offspring generated from
ten Hyalella azteca couples, a cohort, was followed in laboratory conditions from birth to death of all individuals. From this cohort, life table
was constructed and vital parameters obtained. The cohort monitored
started with 108 individuals, declining until reaching zero individual,
over seven months. Reproductive potential (Ro) of 4.7, generation time
(T) of 6.94 and intrinsic rate of increase (rm) of 0.22 were obtained and
are indicated as potential reference parameters for chronic toxicity test
with the population level approach. Toxical subtle sublethal effects can be
discerned through the use as referral of such parameters. An alternative
endpoint, instantaneous rate of increase (ri) is suggested as an alternative
endpoint, easier to work since it is obtained from a partial life table. To
get the instantaneous rate of increase we set up another experiment. We
followed eight couples of Hyalella azteca and all their offspring for 9 weeks
and applied the calculate the instantaneous rate of increase (ri)equation.
Through curve-fitting process, we tried different time intervals, and
obtained at four weeks, ri value of 0.25, a very good approximation with
the intrinsic rate. Life table construction is time consuming and expensive. For species in which the intrinsic rate is unknown, the curve-fitting
process may be an effective substitute in determining the minimum time
to achieve instantaneous rate, a quick and simple method.
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MP175 Indicating Water-Quality Conditions in Connected
Depressions Using Macroinvertebrate and Diatom Assemblages in
the Mississippi Alluvial Plain
J.L. Bouldin, Arkansas State Univ / Biological Sciences; B. Justus, USGS,
Lower Mississippi-Gulf Water Science Center; D.R. Burge, J.M. Cobb, T.D.
Marsico, Arkansas State Univ
Biological assessment methods that are frequently used for flowing
waters have not been established for most types of wetlands within the
Mississippi Alluvial Plain. This study evaluated biological metrics and
indices utilizing macroinvertebrate and diatom assemblages for their
ability to indicate water-quality conditions in connected depressions in
the Cache River Watershed in northeastern Arkansas. This particular
type of wetland has wide spatial extent within the Mississippi Alluvial
Plain. Macroinvertebrate and diatom metrics and indices were compared
to a water-quality disturbance gradient that was calculated using specific
conductance, pH, and NO3-N data. Four metrics with strongest correlations to the disturbance gradient were selected for both assemblages.
Scores for both indices (which combined metrics) decreased in relation to
disturbance gradient score. The macroinvertebrate index had a correlation of (rho = -0.71) to the disturbance gradient while the diatom index
had a similar correlation (rho = -0.64). These results indicate that biotic
indices can be used for monitoring water-quality disturbance in wetlands
in the Cache River watershed and for some wetland types within the
Mississippi Alluvial Plain.
MP176 Natural variability in reference site mussel samples: An
annual and seasonal analysis
A. Hills, Middle Tennessee State Univ / Biology; R. Otter, Middle Tennessee
State Univ; D. McKinney, S. Lanier, Tennessee Wildlife Resources Agency
Mussels are commonly used bioindicators of environmental pollution in
marine and freshwater ecosystems. Natural variability exists in mussel
populations, including those in non-polluted systems. The objective of
this study was to determine the inherent variability that exists in three
commercially relevant mussel species at reference locations. Ebonyshell
(Fusconaia ebena), Monkeyface (Quadrula metanevra), Mapleleaf
(Quadrula quadrula). Mussels were sampled annually and seasonally at
two sites: Richland Creek and Diamond Island in the Tennessee River
over a period of nine years, 1998-2007. Individual life history measurements of total mass, tissue mass, volume, age, and length were taken on at
least 20 mussels per site per year. Tissue density and percent tissue were
calculated from these measurements. All seven variables were analyzed
for each species and site using regression models, ANOVAs, and t-tests.
Results showed that age was not significantly related to mussel size or
density. Total mass related to length showed the least variance in all species at both sites. Seasonal differences were observed in all species and
showed significant differences: mussels had the highest tissue density
and percent tissue mass during fall at Diamond Island and in spring and
fall at Richland Creek. Significant differences between years within the
same site were also observed. Results from this analysis show the inherent
variability that exists, even at reference locations, and how caution must to
taken when comparing to reference locations across seasons and years.
MP177 Population Dynamics of Parhyale hawaiensis (Crustacea:
Amphipoda) in wild and laboratory culture: Endpoints for an ecotoxicity test
L. Alegretti, Unive Estadual de Campinas / Faculdade de Tecnologia;
B. Burstin, LEAL Laboratory of Ecotoxicology and Environmental
Microbiology School of Technology; G.D. Umbuzeiro, UNICAMP / Faculty
of Technology - LEAL; M. Flynn, LEAL Laboratory of Ecotoxicology and
Environmental Microbiology School of Technology
Population’s responses to environmental stress have been evaluated for
effects on parameters such as population growth rate, environment carrying capacity, population density and viability. The objectives of this
study are to describe the structure and dynamics of a wild and a cultured
population of Parhyale hawaiensis by constructing life tables to obtain
population vital parameters and provide methodological recommendations for chronic toxicity tests, known as LTRE (Life Table Response

MONDAY POSTER ABSTRACTS
Experiments). The population structure, age group, temporal evolution
of the density, sex ratio, survival curve, net reproductive rate, generation
time and per capita growth rate were established for a wild population of the intertidal belt algae and for a population cultivated in the
Laboratory of Ecotoxicology and Environmental Microbiology. The life
strategy identified for the species is associated with a pattern of population dynamics consistent with the behavior adopted by coastal species in
physically controlled environments and subject to frequent disruptions,
suggesting trends related to latitude, productivity and predictability
summarized by rK selection related to longevity, maturity and fecundity
of the species. The experimental approach recommended here seeks
to outline an experiment with 12-week period with the test species P.
hawaiensis, in order to get answers to stressors at the population level,
using endpoints with demographic statistics: the reproductive potential (R0), the intrinsic growth rate (r) and the generation time (T). The
estimated guide values were respectively R0 = 1.43 ± 0.982, r = 0.0497 ±
0.163 and 1.489 ± T = 3.71.

segments. In addition to these traditional methods for contaminant
analysis, two novel, field-portable analytical techniques were employed
to measure contaminants in sediments. A handheld X-ray fluorescence
device was used to quantify total metals in the sediments, and total PAH
measurement was accomplished using an antibody-based PAH biosensor.
Contaminant measurements from these techniques were compared with
ICP-MS and GC results to validate their utility for rapid and affordable
analysis of contaminated sediments. Toxicity test results were correlated
with contaminant measurements from the PAH biosensor and handheld
XRF device, as well as with results from traditional analytical techniques. By assessing correlations between toxicity and chemistry results,
this study compared the potential ability of each novel analytical method
to generate chemical data that can accurately predict sediment toxicity in
the context of an ecological risk assessment. Conclusions from this project will provide relevant information for future management decisions in
Bear Creek, and will contribute to the accurate analysis of ecological and
human health risks in the region.

MP178 Predicting energy content and fish condition of juvenile
rainbow trout (Oncorhynchus mykiss) using bioelectrical impedance
analysis
J.K. Durante; J. Guchardi, Univ of Ontario Inst of Technology / Faculty of
Science Aquatic Toxicology; D.A. Holdway, Univ of Ontario Inst. of Tech /
Science
Determining the body composition and condition of fish is an important aspect of aquaculture and fish ecotoxicology research. Traditional
destructive methods are costly, time consuming and usually result in the
loss of the animal. Bioelectrical impedance analysis (BIA) is a non-lethal
method which, once validated, can be used to quickly and accurately
determine the body composition and condition of fish. In this study,
rainbow trout were subjected to one of three different feeding regimens
for 90 days. Fish were sampled from each feeding group at 30 days, 60
days and 90 days into the experiment. Models predicting the total body
water (r2 = 0.99) dry mass (r2 = 0.98) and energy content (r2 = 0.96)
of rainbow trout (Oncorhynchus mykiss) were developed using BIA and
validated with traditional bomb calorimetry. Condition of the fish was
determined using bioelectrical impedance vector analysis (BIVA) which
uses a plot of the reactance and resistance of the fish normalized per
standard length of the fish. BIVA showed that fish fed on a satiation
diet (3.4% body weight per day) produced a distinct cluster (p < 0.0001)
from fish fed on a maintenance diet (0.4% body weight per day). These
findings suggest that BIA can be used to determine the body composition and condition of rainbow trout with high accuracy in a non-lethal
manner. BIA thus allows for repeated measurements of a fish which will
facilitate future energetics and growth studies on rainbow trout.

MP180 Recovery of the intertidal communities in Howe Sound: 25+
years of monitoring data analysis and modeling
K. Vassilenko, S.M. Bard, Keystone Environmental Ltd.
Marine biological community in Howe Sound (British Columbia,
Canada) has been recovering over the last two decades since initiation of
more stringent enforcement of environmental standards. Closure of one
of the two pulp mills, improvement in the effluent treatment at the second pulp mill and at the former copper mine site, as well as a number of
remediation and restoration projects led to the reduction of the contamination load on Howe Sound. Intertidal community monitoring has been
conducted in the area since 1990, which documented some recovery of
intertidal species diversity and abundance. However, the recovery at the
sites heavily impacted by industrial effluents and historically accumulated
marine depositions was minimal compared to the recovery of the less
impacted sites. Data collected since 1990 at several sites located along
contamination gradient were analyzed with the following questions in
mind: (a) what are the dynamics of recovery at the sites with different
impact level? (b) what are the major factors impairing recovery? (d) what
are the key species that could facilitate the recovery at the site? (e) can we
predict and stimulate the recovery of the intertidal community? Results
of the analysis and data modeling are presented to illustrate recovery of
marine communities in multi-stressor environments.

MP179 Quantifying contaminants in Bear Creek sediment:
Validation of novel analytical techniques and implications for risk
assessment
S.E. Hartzell, Environmental Science Technology; L.T. Yonkos, Univ of
Maryland / Environmental Science and Technology; M.A. Unger, College
of William & Mary / Environmental and Aquatic Animal Health; B.L.
McGee, Chesapeake Bay Foundation; A. Heyes, Univ of Maryland Center
for Environmental Science
Bear Creek is located near Baltimore, Maryland in one of the most
highly industrialized regions of the Chesapeake Bay. The sediments of
Bear Creek serve as a reservoir for industrial contaminants, particularly
heavy metals and PAHs. While previous studies have demonstrated
toxicity of Bear Creek sediments to benthic organisms, the extent of the
toxicity, both in terms of area and depth, is still unknown. This study
maps the extent and depth of contamination and toxicity in Bear Creek
near the historic site of steel production at Sparrows Point, and correlates
results from sediment toxicity tests with data from traditional and novel
analytical chemistry techniques. Both surface samples and sediment
cores were collected from Bear Creek, and ten-day acute toxicity tests
were conducted to develop a spatial array and depth profile of toxicity
within the study area. Heavy metals and organic contaminants were
measured with ICP-MS and GC in both surface sediments and core

MP181 Refinement of Harbor Sediment Samples to Characterize
Toxicity and Bioaccumulation under USACE’s and USEPA’s Ocean
Disposal Methodology
M.S. Bowersox, Tetra Tech, Inc. / Laboratory Dept
As part of the USACE’s and USEPA’s Evaluation of Dredged Material
Proposed for Ocean Disposal, sediments from Naiwiliwili Harbor on
Kauai Island, Hawaii were evaluated for toxicity and bioaccumulation.
Composite samples of multiple sediment grabs were collected for three
operating units in Nawiliwili Harbor. The toxicity of these sediments
was characterized using two invertebrate species, Leptocheirus plumulosus and Neanthes arenaceodentata. The toxicity of elutriates prepared
from these sediments were characterized using three species including
Americamysis bahia, Menidia beryllina, and Mytilus galloprovincialis. The
potential bioaccumulation of constituents of concern was assessed using
two species – Macoma nasuta and Nereis virens. The results of preliminary composite testing indicated that sediment from location N1 was
significantly toxic when compared to the reference and control samples
with respect to N. arenaceodentata. The N1 operating unit was original
composited from three locational grabs within N1. The refinement
of toxicity and bioaccumulation characterization divided N1 into five
individual dredge material management unit (DMMUs). Each of the
refined DMMUs were characterized using the same toxicity and bioaccumulation testing methodology as the original N1 DMMU. The results
of the refined DMMU indicate that some sediment is suitable for ocean
disposal while some will need to be left in place or disposed of using
other methods.
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MP182 Setting River Zone Specific Water Quality Objectives for the
Rum Jungle Rehabilitation Project
R. Smith, Hydrobiology Pty Ltd; J. Beyer-Robson, Hydrobiology
Default water quality objectives (WQOs) were set for defined zones of
the Finniss River, from the Rum Jungle mine lease area downstream,
based on stakeholder input to develop zone-specific environmental values
and agreed protection levels. However, compared with existing concentrations, these default values were very low for several parameters. An
assessment of the aquatic and riparian ecosystems of the Finniss River
system has demonstrated that recovery of the ecosystems has continued
since the first round of remediation in the 1980s, and that biodiversity in
the downstream river zones is better than would be predicted based on
the default ANZECC species sensitivity distributions and the prevailing
water quality. Therefore, it was agreed to consider developing water quality objectives based on in situ biodiversity relative to the observed water
quality gradient in the river system. While any such locally-derived
WQOs would need to provide the levels of biodiversity (and hence cultural/spiritual value) protection agreed to by the stakeholders, there was
the potential that WQOs that reflected the metal tolerances of the local
ecosystems would accommodate higher metal concentrations than the
default WQOs, and hence be more practically achievable as rehabilitation design targets. A method for deriving the water quality guidelines
was developed using water quality data from 2013 and 2014 and
biodiversity data from 2014. A second round of biodiversity sampling is
scheduled for June 2015. The method combines a log-logistic regression
fit of biodiversity with metal concentration data and a threshold-response
based decision scheme to provide robust and/or conservative water
quality objectives depending on available data quality and regression
goodness of fit.
MP183 Using carbon dioxide as a barrier to prevent bigheaded carp
movement
R.A. Erickson, A. Cupp, USGS / Upper Midwest Environmental Sciences
Center; N.M. Swyers, USGS / WFRC; K. Fredricks, J.J. Amberg, USGS /
Upper Midwest Environmental Sciences Center; T. Hatton, USGS / WFRC
Invasive species such as bigheaded carp adversely affect native ecosystems (e.g., out competing native mussels and fishes, destroying native
vegetation) and also threaten commercial and recreation fisheries and
tourism (in addition to degrading native habitats, “flying” carp threaten
the safely of recreational boaters). Controlling and limiting the spread
of bigheaded carp species (e.g., bighead and silver carp) requires an integrated management approach. Current control methods either under use
or development include commercial fishing, carp specific biocides, and
barriers. Physical barriers are not practical on many waterways due to the
obstruction of commercial and recreational activities. A preferred barrier
would allow waterway navigation while preventing upstream migration
of bigheaded carp. We examined the use of repurposed carbon dioxide as
a barrier agent. We conducted pond studies and have ongoing field trials
to examine the effectiveness of carbon dioxide as a barrier for bigheaded.
For each trial, naïve carp (i.e., no previous carbon dioxide exposure)
externally tagged with radio units were placed in research ponds or a
portion of the backwaters of the Illinois River and allowed to acclimate
for 48 hr. A carbon dioxide barrier was established by injecting carbon
dioxide into the water. We monitored fish locations continuously for 24
hr prior to exposure, 24 hr during exposure, and 24 hr post exposure.
Data from our pond studies suggest that the carbon dioxide barrier
decreased the probability of carp crossing and modified carp usage of the
pond. Ongoing field trials suggest this approach may scale to rivers.
MP184 Zebra Mussels as Bioindicators of Habitat Quality
M. Lowder, B. Khan, Biology; A.P. Jacob, K.L. Kimbrough, NOAA National
Ocean Service / National Centers for Coastal Ocean Science Center for Coastal
Monitoring and Assessment; E. Johnson, NOAA NCCOS CCMA / National
Centers for Coastal Ocean Science Center for Coastal Monitoring and
Assessment; A.H. Ringwood, UNC-Charlotte / Dept of Biology
Bivalve mollusks are valuable bioindicator species due to their sessile
lifestyle and filter-feeding capabilities, and their tendency to accumulate
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contaminants in their tissues. Therefore, bivalves can provide spatial and
temporal insights for identifying habitat stress, both environmental and
anthropogenic. Freshwater systems experience persistent anthropogenic
inputs (industrial/agricultural runoff, land development, etc.), which can
cause long-lasting impacts on biota. NOAA’s Mussel Watch program
has been used to monitor contaminants in aquatic systems and more
recently has been expanded to include freshwater areas-of-concern such
as the Great Lakes Restoration Initiative. In these studies zebra mussels
(Dreissena polymorpha) were used as bioindicators to evaluate the potential toxicity and bioavailability of contaminants from Great Lakes sites
in Lake Michigan and Lake Erie in collaboration with NOAA. NOAA
staff collected and dissected zebra mussel tissues from various sites, and
some samples were processed for contaminants (PCBs, metals, etc.) by
NOAA, while some samples were sent to UNC-Charlotte for cellular
biomarker analyses (lipid peroxidation and total glutathione). There were
highly significant correlations between the tissue concentrations of PCBs
and PAHs and glutathione levels. Changes in glutathione levels and lipid
peroxidation, indicated significant oxidative stress. Overall zebra mussels
and other freshwater bivalves have very low baseline levels of glutathione,
much lower than levels typically measured in marine bivalves, that would
increase their susceptibility to contaminant effects. These studies indicate
that while zebra mussels are typically branded as an invasive species, they
may also be a valuable bioindicator species to assess and make comparisons of habitat quality and ecosystem health in the Great Lakes and
other freshwater locales.
MP185 Determination of Acute and Sub-Chronic Toxicity of
Emerging Contaminants in Early Life Stages of Rainbow Trout
(Oncorhynchus mykiss)
D.R. Schultz, S. Beitel, S. Hanson, Univ of Saskatchewan / Toxicology
Centre; S. Tang, Univ of Saskatchewan / School of Environment and
Sustainability; B. Sarauer, Univ of Saskatchewan / Toxicology Centre;
M. Hecker, Univ of Saskatchewan / School of the Environment and
Sustainability and Toxicology Centre; D.M. Janz, Univ of Saskatchewan
/ Toxicology Centre; P.D. Jones, Univ of Saskatchewan / School of
Environment and Sustainability; S. Wiseman, Univ of Saskatchewan /
Toxicology Centre; J. Giesy, Univ of Saskatchewan / Dept of Veterinary and
Biomedical Sciences and Toxicology Centre
In recent years, emerging contaminants have gained notoriety due to
their ubiquity in the aquatic environment as well as the lack of data available regarding their toxicity to wildlife and humans. This is particularly
relevant in northern climates, where conditions are colder and many
fish species are longer-lived, which may make them more susceptible
to chronic toxic insults than their counterparts in warmer climates.
Furthermore, most data to date has been garnered using standard laboratory species, which may not be particularly relevant considering the
potential role of life history, trophic level, physiology, and climate on the
species-specific toxicity of chemicals. Emerging chemicals of concern
such as hexabromocyclododecane (HBCD), silver (Ag) nanoparticles,
short-chain chlorinated paraffins (SCCP), 17α-ethynylestradiol (EE2)
and Prozac™ (FLX) primarily enter the aquatic environment as mixtures through municipal wastewater effluent (MWWE). MWWE may
be released into receiving waters with little to no treatment, which is
not uncommon, especially in rural Canada. From there, chemicals may
sequester to sediments or expose biota through the water column. In this
study, O. mykiss gametes were obtained, fertilized, and exposed to six
concentrations of EE2, FLX, MWWE, and Ag nanoparticles through
water, and SCCPs and HBCD through sediments. For each chemical,
the lowest doses were selected based on environmental relevance and
increased incrementally thereafter. Fish were exposed under continuous
flow-through conditions, and subsamples were collected at critical developmental stages to assess acute and chronic toxicity of all test chemicals.
Endpoints include hatching success, time to hatch, survival, time to
swim-up, time and success of sexual differentiation, and morphological
and histological defects, as well as endpoint specific rates of development. We hypothesize that the chronic exposures to early life stages of
O. mykiss will have different toxic effects than the acute exposures, from
which most chemical characterizations are derived and that the selected
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ECs will exert life-stage specific toxicity. Future research will aim to
characterize the effects of these emerging chemicals on native fish species in comparison to standard laboratory fish models, as well as other
native species, in order to aid in the development of more appropriate
environmental risk assessment strategies.
MP186 Toxicology assessment of water samples: A portable device
based on phytoplankton chlorophyll fluorescence emission
M. Perron, J. Naoum, M. Lewis, Univ of Québec in Montreal / Biological
Sciences; F. Lefèvre, R. Izquierdo, Univ of Québec in Montreal / Computer
Science; P. Juneau, Univ of Québec in Montreal / Biology
Due to increasing aquatic pollution worldwide, rapid tools to evaluate water toxicity are required to limit the risk associated with this
problematic. In order to detect water toxicity, many tests and devices
have been developed in the past, but their widespread use is still very
limited. Indeed, their common utilisation is mainly prevented by their
non-portability, high cost or operational complexity. To address this
problem, we developed a laboratory on a chip that can detect the overall
toxicity of water samples in a simple, fast and inexpensive way. This test
is based on the use of algae as bio-indicators, since they are known to
be very sensitive to various pollutants. It is known that the inhibition
of photosynthetic activity, determined by the change of the chlorophyll
fluorescence emission, is a good and rapid indicator of harmful effects. In
this presentation, we will discuss different examples of the usefulness of
this device to evaluate water toxicity. Thus, results of samples from industrial and agricultural effluents will be presented, in addition to other
pollutants such as herbicides, fungicides and insecticides. Finally, we will
show the advantages of using several species of phytoplankton when this
type of approach is used.

Environmental or Analytical Chemistry
General – Part 1
MP187 Analysis of Pesticides from Farm-Raised Catfish in
Mississippi
S. Boone, A. Meredith, C. Childers, L. Ware, C. Foster, J. Atkins, G.
Hagood, A. Brown, Mississippi State Chemical Laboratory
The continued support and growth of the catfish industry in Mississippi
is based upon generating a product that tastes good and is safe for all
consumers. The Mississippi State Chemical Laboratory (MSCL) is
analyzing farm-raised catfish collected as part of a surveillance program
for multiple pesticides and metabolites including insecticides, herbicides,
and fungicides. Much of the catfish industry is located on land that
has historically been used for farming near the Mississippi, Pearl, and
Tombigbee Rivers and related tributaries. Multiple potential contaminants were selected for analysis based upon historical and current uses
of these chemicals in and around these areas. Even though some of the
compounds are no longer in use, they are classified as persistent organic
pollutants. Due to the chemical nature of these contaminates, two types
of instrumentation were required: LC/MS and GC/MS. The Agilent
1290 Infinity with the 6430 Triple Quad LC/MS was used for the analysis of acephate, atrazine, azoxystrobin, clomazone, cloransulam-methyl,
diuron and metabolites (DCPMU, DCMU), flonicamide, flumetsulam,
formesan, imidacloprid, myclobutanil, propiconazole, pyraclostrobin,
and thiamethoxam (positive), and novaluron (negative). The Agilent
7890A with the 7000 Triple Quad GC/MS was used for the analysis of
bifenthrin, chlorpyrifos, cyfluthrin, cyhalothrin, cypermethrin, deltamethrin, dicofol, dicrotophos, fenvalerate (total), malathion, profenofos, and
tribufos. Each fish fillet was ground, weighed, homogenized with water,
acetonitrile, and then with magnesium sulfate and sodium acetate (modified QuEChERs). The sample was centrifuged, filtered and analyzed by
either LC/MS or GC/MS.

MP188 Brominated/chlorinated dibenzo-p-dioxins and dibenzofurans in soils from Agbogbloshie e-waste recycling site in Accra, Ghana
T. Matsushita, A. Goto, T.M. Nguyen, T. Itai, K.A. Asante, S. Tanabe, T.
Kunisue, Ehime Univ / Center for Marine Environmental Studies
Informal recycling of waste electrical and electronic equipment (e-waste)
in Asian developing countries is known to cause serious contamination
by various hazardous substances, including brominated flame retardants
(BFRs) and dioxin related compounds. However, information on the
contamination status of these contaminants in e-waste recycling sites
in Africa is lacking. Therefore, in this study, we analyzed surface soils
(n=41) sampled from the Agbogbloshie e-waste recycling site in Accra,
Ghana in 2013, to elucidate the contamination status of polychlorinated
dibenzo-p-dioxins/dibenzofurans (PCDD/Fs) and polybrominated
dibenzo-p-dioxins/dibenzofurans (PBDD/Fs). PCDD/Fs and PBDD/
Fs were detected in all the soil samples analyzed in this study. PCDD/F
concentrations were higher at active open burning areas (4.9–380
ng/g dry weight), and PCDFs accounted for 68–93% at almost all the
sampling points. On the other hand, PBDD/Fs were detected at high
concentrations not only in open burning areas (9.6–860 ng/g dw) but
also in dismantling areas (23–1,000 ng/g dw), and PBDFs accounted for
88–100% of total PBDD/Fs. These results indicate the release of large
quantities of PBDFs from dismantling activities in addition to open
burning of e-waste. Possible contamination sources of PBDFs may be
the impurities in the particles of e-waste plastics containing BFRs and
generation from photolytic and thermolytic degradation of polybrominated diphenyl ethers. The concentrations of PCDD/Fs and PBDD/
Fs in Agbogbloshie were comparable to the highest levels reported in
soils from Chinese e-waste recycling sites. The WHO2005-TEQ levels
in soils exceeded environmental limit (1,000 pg TEQ/g dw) at 7 points
for PCDD/Fs (6.8–5,200 pg TEQ/g dw) and at 18 points for PBDD/Fs
(16–5,400 pg TEQ/g dw). In particular, TEQ levels of PBDFs in soils
were very high not only in open burning areas but also in dismantling
areas, indicating that e-waste recycling workers and inhabitants around
the Agbogbloshie e-waste site are potentially at risk due to constant
exposure to dioxins.
MP189 Chemical Characterization of Vermicomposted
Agroindustrial Wastes
L.B. Pigatin, Univ of São Paulo / Instituto de Química de São Carlos IQSC;
I.A. Atoloye, Obafemi Awolowo Univ / Dept of Soil Science and Land
Resources Management; M.d. Rezende, Unive de Sao Paulo / Chemistry
Vermicomposting is used as a method for recycling of organic waste,
resulting in a humified material of great agronomic potential. Inorganic
fertilizers supplies plant nutrients but cannot improve soil quality also
it promotes environmental pollution. It is necessary to evaluate specific
characteristics of the residues to be vermicomposted, such as C, N, P
and macro/micro-nutrient contents in order to understand the ability of
the vermicompost produced to supply nutrients required by plants and
also so as not to contaminate the environment. The aim of this study was
to evaluate the chemical characteristics of vermicomposts from cattle
manure (CM), orange peel (OP) and filter cake (FC) and to evaluate the
chemical transformations of agricultural wastes during vermicomposting in order to apply the vermicomposts to the soil for the maintenance
of soil organic matter. Three compost piles were set up, 2:1 OP+CM,
3:1 FC+CM and CM. The piles were initially composted for 60 days.
Thereafter, earthworms were added to the piles to initiate the vermicomposting process. The pH and the organic carbon contents were above the
minimum recommended values for organic fertilizers. The N content was
below the minimum value but, the C/N ratio was in the required range.
The C/N values where lower in OP+CM and FC+CM than in CM.
Further, the N contents of the piles were different with OP+CM having
the highest value. The C/N ratios of the piles were 9.52, 9.62 and 11.03
for OP+CM, FC+CM and CM, respectively and were lower than the
maximum recommended value by the Ministry of Agriculture, Livestock
and Food. The chemical compostions of the vermicomposting materials
had effect on the duration of the process. Co-vermicomposting of cattle
manures with orange peel or filter cake also resulted in a lower C/N
ratio. Results also showed out that co-vermicomposting of cattle manure
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resulted in higher contents of macronutrients. The micronutrient values
in the matured piles decreased in some piles and increased in others. The
mature FC+CM differed very significantly in the content of Cr due to
increased earthworm activity suggesting the bioaccumulation of Cr by
the earthworms. It was observed that vermicomposts from filter cake and
orange peel mixed with cattle manure resulted in better vermicomposts
than the ones produced from cattle manure only. Thus it is recommended
that these agricultural wastes can be co-vermicomposted and utilized for
sustainable agriculture.
MP190 Concentration of pesticides in the ground water of Merida
Metropolitan Area in Yucatan, Mexico
E. Norena-Barroso, Univ Nacional Autonoma de Mexico / Unidad de
Química Sisal; M. Ramos-Alcocer, Univ Nacional Autonoma de Mexico
/ Faculty of Chemistry; M.E. Chan, National Polytechnic Inst / Faculty
of Chemistry; F. Árcega-Cabrera, S. Capella-Vizcaíno, Univ Nacional
Autonoma de Mexico / Faculty of Chemistry; J. Pacheco-Ávila, A. CabreraSansores, Univ Autonoma de Yucatan / Facultad de Ingenieria
Karstic nature of Yucatan’s aquifer allows water to easily filter through
rock pores, cracks and solution conduits, in such a way that there are not
superficial water bodies and ground water reservoirs are the only source
of drinking water for Yucatecan population. Domestic, agricultural and
industrial wastewaters are discharged directly onto exposed ground
surfaces or into septic holes, being multiple sources of pollutants that may
migrate to the underlying aquifer. Merida, the capital city of Yucatan, has
shown a constant population growth during the last decades and pressure
upon the aquifer has increased. As a part of a larger study to assess ground
water quality, levels of pesticides in water from deep wells (≥ 30 m) that
supply drinking water to Merida and its Metropolitan Area were determined. Pesticides were analyzed by SPE (Strata-X 6 mL/500 g cartridges)
and analytes were quantified by GC-MS. Hexachlorobenzene, chlorpyrifos and DDE were the pesticides detected with highest frequency.
Pesticide concentrations in the samples were lower than the maximum
levels allowed by Mexican law (NOM-127-SSA1-1994) for drinking
water. Organophosphate pesticide chlorpyrifos stood out because, despite
being less persistent, it was found in more than 80% of the wells sampled
in Merida with levels from 0.6 to 46.2 ng/L, and it is not considered in
NOM-127-SSA1-1994. In addition, water samples taken at different
depths from selected wells from Merida I drinking water complex were
studied and the highest concentrations of pesticides were detected at 0
to 10 m of depth. Even if the levels of pesticides in the ground water of
Merida Metropolitan Area are low, some compounds are already present
in deep wells, so it is necessary to continue monitoring these pollutants,
with the aim of conserving good quality water reserves.
MP191 Contamination status of brominated flame retardants in
house dust from Japan and risk assessment for humans
R. Nishimura, T.M. Nguyen, S. Tanabe, T. Kunisue, Ehime Univ / Center
for Marine Environmental Studies CMES
Brominated flame retardants (BFRs), such as polybrominated diphenyl
ethers (PBDEs) and hexabromocyclododecanes (HBCDs) are used in
electronic and electrical equipment, textiles, construction materials, etc.
Recently, tetra-, penta-, hexa-, hepta-BDEs and HBCDs have been classified as persistent organic pollutants under the Stockholm Convention
because of their persistence, long-range atmospheric transport, bioaccumulation, and toxicity. These BFRs and newer alternatives such as
1,2-bis(2,4,6-tribromophenoxy)ethane (BTBPE) and decabromodiphenyl ethane (DBDPE) are still present in consumer products, and hence
there are concerns about their indoor contamination and exposure risk.
However, there are few reports on contamination status and factors
influencing the residue levels of BFRs, especially BTBPE and DBDPE,
in Japanese houses. In this study, dust samples collected from houses (n
= 31) in Matsuyama city, Japan in 2014 were analyzed for BFRs. Among
the target BFRs, DBDPE, which is an alternative flame retardant of
DecaBDE, had the highest median concentration (0.58 µg/g, range:
0.14–1.2 µg/g), followed by PBDEs (0.52 µg/g, 0.11–7.6 µg/g), HBCDs
(0.15 µg/g, 0.056–4.2 µg/g), and BTBPE (ND–0.016 µg/g, detection
frequency of 48%). Comparable concentrations of DBDPE and PBDEs
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in house dust indicate that DBDPE is replacing PBDEs as the major
BFR in Japan. DBDPE levels observed in this study were similar to the
reported levels in China, and 3–7 times higher than in Belgium and
the United States. In contrast, BTBPE, alternative to OctaBDE, may
be less commonly used than PBDEs. Potential relationships between
BFR concentrations in house dust and parameters of the households
were examined using statistical analyses. There was negative correlation
between HBCD concentrations and construction year, implying that new
building materials tend to contain higher amounts of HBCDs. Intake
of BFRs via dust ingestion was estimated to assess the exposure risk for
adults and toddlers. The intake doses of DBDPE, PBDEs, HBCDs and
BTBPE for toddlers were 0.71–6.3, 0.56–41, 0.30–22, and ND–0.082
ng/kg bw/day, respectively, an order of magnitude higher than in adults
(0.068–0.60, 0.054–3.8, 0.028–2.1, and ND–0.0080, respectively).
However, the intake estimates were two orders of magnitude lower than
the reference dose (RfD) values proposed by EPA for all BFRs.
MP192 Current Efforts by NIST to Produce Environmental
Matrix Reference Materials Certified for Organic and Inorganic
Contaminants
J.R. Kucklick, National Inst of Standards and Technology; J.L. Reiner, NIST
/ Chemical Sciences Division; S. Vander Pol, K. Huncik, NIST; S.E. Long,
National Inst of Standards and Technology / Analytical Chemistry Division;
R.D. Day, NIST Univ of Pau; J.A. Bowden, National Inst of Standards
and Technology / Environmental Chemical Sciences Division; M. Ellisor, B.
Catron-Kassim, A. Boggs, B. Benner, NIST; J.A. Murray, NIST / Chemical
Sciences Division
The quality of measurements used to assess the status of environmental
contaminants in the environment is enhanced by matrix-matched reference materials value-assigned for contaminants of interest. The National
Institute of Standards and Technology (NIST) has previously produced
numerous environmental matrix Standard Reference Materials (SRM)
including materials from sediment, mussel tissue, fish tissue, house dust,
sewage sludge, air particulate material, whale blubber, and human blood.
New SRMs are needed to replenish depleted SRMs and to respond to
the need for new types of materials with contemporary concentrations of
environmental contaminants. NIST is currently or has recently produced
reference materials for many new matrices and contaminant classes. For
example, stemming from the Deepwater Horizon oil spill, SRM 2779
Gulf of Mexico Crude Oil was recently certified and a weathered Gulf
of Mexico Crude oil is currently being certified for polycyclic aromatic hydrocarbons (PAHs), PAH alkyl groups, hopanes and steranes.
Materials in preparation include soil SRMs to be certified for trace
elements and organic contaminants, an SRM for mercury isotopes and a
clam tissue SRM for arsenic species. The objective of this presentation is
to summarize the information available or soon to be available on these
and other new environmental matrix SRMs.
MP193 Hebei Spirit Oil Spill and its environmental impacts - Six
years after the spill
S. Ha, Korea Ocean Research and Development Inst / Oil and POPs
Research Group; M. Kim, J. An, U. Yim, Korea Inst of Ocean Science and
Technology / Oil and POPs Research Group; J. Jung, Oil and POPs Research
Group; W. Shim, Korea Inst of Ocean Science and Technology / Oil and POPs
Research Group
After the collision between the oil tanker Hebei Spirit and a barge carrying a crane, approximately 10,900 M/T of crude oil was spilled in
December 2007. Whole western coast of Korea was directly or indirectly
impacted by the spill. Multi-media monitoring of oil contaminations in
seawater, sediment, pore water and bivalve have been conducted for six
years since the spill. Polycyclic aromatic hydrocarbons (PAHs) and/or
total petroleum hydrocarbons (TPH) were analyzed and their environmental risks were also evaluated. Immediately after the spill, the direct
impact of the spill was clearly recognized at most sites surveyed. TPH
concentration in seawater was, on average, 154 times higher than the
Korean marine water quality standard of 10 ppb. Since Sep. 2009 (21
months after the spill), TPH concentrations haven’t exceeded the marine
water quality standard. Following the spill, parent and alkylated PAHs in
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bivalves increased up to 1,200 and 106,000 ng/g, respectively, which were
60 and 1000 times higher than the pre-spill concentration level. PAH
concentrations in bivalves currently show local variations within the prespill contamination levels. 16 Parent PAHs in sediment initially ranged
from 1.6 to 3,400 ng/g with an average of 191 ng/g, which was lower than
NOAA’s SQG (ERL 4022 ng/g). However, alkylated PAHs was as high
as 66,000 ng/g and they are still showing decreasing trend as of Mar.
2014, approaching the pre-spill concentration level. Oil contamination
in pore water has decreased to background levels at most sites. However
signs of oil contamination (up to 1,650 ppb) were clearly observed at
certain locations even ~ 6.5 years after the spill. Overall, most of the sites
show local variations within the pre-spill or background contamination
levels. However, the presence of residual oiling and elevated contamination level in sediment and pore water at several sites, including mud
flats and beaches protected with boulders, even 6.5 years after the spill,
indicates long-lasting impacts of the spill in the environment. This study
suggests the need for continuous long-term monitoring of oil contamination especially at the sites of possible lingering oil to understand and
estimate the continuing impact of the Hebei Spirit oil spill.
MP194 Influence of Traffic Volume on the Distribution of Metals and
PAHs in Soils and Plants along Roadways in Victoria, Canada
C. Ghimire, M. Dodd, Royal Roads Univ / School of Environment
Sustainability; H. Hartmann, MB Laboratories Ltd
Heavy traffic can lead to increase concentrations of various contaminants
in roadside soils. These contaminants can potentially impact plants and
the surrounding ecosystems with the consumption of impacted plants
such as blackberries potentially having adverse effects on human and
animal health. This research was conducted to determine the influence
of traffic volumes on the concentrations and potential impact of selected
heavy metals and organic contaminants in roadside soils and plants. Soil
and blackberry shoots and fruit samples were collected from 30 different locations along two major highways and residential areas in Greater
Victoria, located on the southern tip of Vancouver Island off Canada’s
Pacific West Coast and analyzed for various contaminants. The concentrations of metals such as Cr, Cu, Pb, Sn, Zn in some of the soil samples
exceeded the Canadian Council of Ministers of the Environment
(CCME) soil quality guidelines (SQGs) for residential land use. Metal
concentrations in soils and plants collected along the two highways were
elevated compared to those obtained from the residential areas. For
example, the mean concentration of Pb in the highway soil samples was
144 mg/kg while in residential areas the mean was 64 mg/kg. A t-test
indicated statistically significant higher metal concentrations in the
highway samples compared to residential areas (P < 0.001). As with the
metals PAH concentrations were generally higher in the highways samples. BTEX concentrations in all the samples were below the detection
limit. There was a significant positive correlation between traffic volume
based on vehicle counts and the concentrations of the contaminants. For
example the highest PAH concentrations (fluoranthene - 2.2 mg/kg,
pyrene - 2.1 mg/kg, and benzo(a)pyrene 2.9 mg/kg) were detected at the
location closest to the Swartz Bay ferry terminal. The detailed results of
the investigations and the implications of the collection and consumption
of blackberry fruits from various locations along the two highways and
residential areas will be presented.
MP195 Occurrence and distribution of legacy pops and emerging
organic contaminants in a tropical reservoir
Q. Wang, B.C. Kelly, National Univ of Singapore / Civil and
Environmental Engineering
Despite strong regulatory action to eliminate or control emissions of
persistent organic pollutants (POPs), polychlorinated biphenyls (PCBs)
and organochlorine pesticides (OCPs) remain ubiquitous environmental contaminants, worldwide. In recent years, other emerging organic
contaminants (EOCs) have received increasing attention, including
halogenated flame retardants (HFRs), as well as synthetic musks and
the antibacterial agent, triclosan. In the present study, surface water and
sediment samples from five sites in a tropical reservoir in Singapore were
collected and analyzed for several legacy POPs and EOCs using triple

quadrupole tandem mass spectrometry (GC-MS/MS). C18 solid-phase
extraction disks were used to process water samples. Ultrasound assisted
extraction and florisil chromatography were used to extract and cleanup
sediment samples. PCB 153 and p,p’ DDE were typically the dominant
legacy POPs. The results further demonstrated the occurrence of polycyclic and nitro-aromatic musks (galaxolide, tonalide, musk ketone, etc.),
halogenated flame retardants, as well as triclosan and methyl triclosan.
Galaxolide, tonalide, celestolide, traesolide, musk ketone and methyl
triclosan were detected in surface waters and bottom sediments at all
five sites. Galaxolide exhibited the highest concentration among musks,
ranging from 5.16-42.87ng/L in water and 4.25-28.7 ng/g dry wt. in
sediment. The nitroaromatic musk, musk ketone, exhibited concentrations of 0.08-6.445 ng/L in water and 0.15-0.17ng/g in sediment.
Polybrominated diphenyl ethers (PBDEs) and dechlorane plus stereoisomers (syn and anti- DP) were the dominant flame retardants detected.
Monthly monitoring of legacy POPs and EOCs was conducted between
March, 2014 and March, 2015. The observed spatial and temporal variation patterns suggest the importance of land-use, human activity and
rainfall on concentrations of these compounds in the reservoir. Sediment
organic carbon content and organic carbon-water partition coefficient
(Koc) were also very important determinants of spatial variation and
sediment-water distribution of these hydrophobic organic contaminants.
MP196 Persistent organic pollutant and sterol distributions in the
offshore East China Sea influenced by the low salinity water mass
M. Kim, Korea Inst of Ocean Science and Technology / Oil POPs Research
Group; S. Ha, Korea Ocean Research and Development Inst / Oil and POPs
Research Group; G. Han, Oil and POPs research group; D. Choi, Korea Inst
of Ocean Science and Technology; W. Shim, Korea Inst of Ocean Science and
Technology / Oil and POPs Research Group
Surface seawater was analyzed for organochlorine compounds, polycyclic
aromatic hydrocarbons (PAHs), and sterols in the offshore (approximately 250 km from the shore) East China Sea influenced by low salinity
water masses. The spatial distribution and molecular composition of
the target chemicals were investigated to identify the origin of the low
salinity water mass and the organic chemicals. ΣDDTs and ΣPCBs in
suspended particulate matter (SPM) were ranging from 3.3 to 39 and
from 20 to 68 pg/L respectively. ΣPAHs were ranged from 3.0 to 33.6
ng/L with an average of 12.3 ng/L. PAHs, DDTs and Chlordane were
relatively higher in the less-saline water masses, suggesting the influx
of the organic contaminants into the northern East China Sea by the
low salinity water mass. ΣSterol concentrations ranged from 3.2 to 31.9
ng/L in the SPM. Although marine sterols dominated with 71% in the
overall sterol composition, molecular signatures of allochthonous terrestrial plants were still visible and there was a relationship between the
low salinity water mass in the East China Sea and the terrestrial sterols.
Considering the proximity of the Yangtze River and the presence of
the Changjiang River Diluted Water (CRDW) in the study area, it was
probable that these chemicals were transported for long-distance from
the Yangtze River runoff by the CRDW. The compositional similarity
of PAHs in the less-saline water masses with those of Yangtze River
water also confirmed the origin of the water mass and the allochthonous
organic compounds. The results shows that riverine discharge was a
primary source of the allochthonous organic compounds detected in the
study area and that the Changjiang River Diluted Water was an effective
carrier of land-derived organic chemicals to the offshore East China Sea.
MP197 Potential impacts to perennial springs from tar sand mining,
processing, and disposal on the Tavaputs Plateau, Utah, USA
W. Johnson; L. Frederick, Univ of Utah / Geology and Geophysics; M.
Millington, Univ of Utah; D. Vala, Murray High School; B. Reese, Butler
Middle School; D. Freedman, Hillside Middle School; C. Stenten, Draper
Park Middle School; J. Trauscht, C. Tingey, K. Solomon, D. Fernandez, G.
Bowen, Univ of Utah
Similar to fracking, the development of tar sand mining in the US has
moved faster than understanding of potential water quality impacts.
Potential water quality impacts of tar sand mining, processing, and
disposal to springs in canyons incised approximately 200 m into the
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Tavaputs Plateau, at the Uinta Basin southern rim, Utah, USA, were
evaluated by hydrogeochemical sampling to determine potential sources
of recharge, and chemical thermodynamic estimations to determine
potential changes in transfer of bitumen compounds to water. Because
the ridgetops in an area of the Tavaputs Plateau named PR Spring are
starting to be developed for their tar sand resource, there is concern for
potential hydrologic connection between these ridgetops and perennial springs in adjacent canyons on which depend ranching families,
livestock,wildlife and recreationalists. Samples were collected from
perennial springs to examine possible progression with elevation of
parameters such as temperature, specific conductance, pH, dissolved
oxygen, isotopic tracers of phase change, water-rock interaction, and age
since recharge. The groundwater age dates indicate that the springs are
recharged locally. The progression of hydrogeochemical parameters with
elevation, in combination with the relatively short groundwater residence
times, indicate that the recharge zone for these springs includes the surrounding ridges,and thereby suggests a hydrologic connection between
the mining, processing, disposal area and the springs. Estimations based
on chemical thermodynamic approaches indicate that bitumen compounds will have greatly enhanced solubility in water that comes into
contact with the residual bitumen–solvent mixture in disposed tailings
relative to water that currently comes into contact with natural tar
MP198 Presence of Third-Generation Antifouling Biocides in
Brazilian Ports
L.R. Diniz, São Paulo State Univ- Inst of Chemistry / Química Analitica;
T. Oliveira, Unive de Sao Paulo; C. Galinaro, Unive de Sao Paulo /
Chemistry; L. Capellini, Unive de São Paulo / Departamento de Quimica e
Fisica Molecular; T.C. Franco, Univ Federal do Maranhão / Technological
Chemistry; E.M. Vieira, Sao Paulo Univ / Departamento de Quimica e
Fisica Molecular
Biocides used in paints antifouling are the substances groups potentially
dangerous to marine ecosystems. Antifouling paints are treatments
used for understated corrosion processes, reducing maintenance expense
and reducing the transmission of non-native species of coastal ecosystems. After the ban on the use of organotins, the industries antifouling
paints sought new alternatives. A third generation of biocides have been
sinthetized, with emphasis on non-metallic organic compounds. The
ecotoxicity of these antifouling biocides is noticeable for some marine
species and the growth inhibition has observed in median effective
concentration (EC50) between ng L-1 and µg L-1. Some of the most
common booster biocides are 4-chloro-3-methylphenol, chlorothalonil,
dichlofluanid, diuron, thiram, irgarol 1051 and the latter’s degradation
product or a mixed together with up to five these components. This study
aimed to determination of antifouling biocides chlorothalonil, dichlofluanid, diuron, irgarol at samples of seawater from two Brazilian port
zones, complex port of Santos (SP) and complex port of São Luís (MA).
The extraction procedure was applied solid-phase extraction (SPE) on
reverse phase C18 cartridges and analyzed using a liquid chromatograph Agilent ® 1200 series with diode array detection (G1315D). The
elution program used was, a mobile phase consisting of methanol and
ultrapure water (A:B): 3 min: 50:50% (A:B)/ 14 min: 80:20% / 3 min
to achieve initial equilibrium. The analytical method for the simultaneous determination of anti-fouling reinforcement in samples of seawater
was optimized. These data are preliminary, but significant, considering
knowing the trends of environmental pollution by antifouling compounds on marine and coastal ecosystems.The results demonstrate that
the proposed method can be an effective tool for assessing the dynamics
of antifouling biocides in estuarine and marine ecosystems.
MP199 Spatial and Temporal Distributions of Mosquito Adulticides
in Houston during Spraying Season
A. Clark, Baylor Univ / Dept of Chemistry and Biochemistry; S. Yoon,
Baylor Univ / Environmental Science; R.J. Sheesley, S. Usenko, Baylor Univ
It is a common practice for urban areas in the south to control the
mosquito population through the routine spraying of pesticides utilizing ultra-low volume (ULV) foggers, either aerially or from trucks.
Adult mosquitoes are known disease-borne vectors, including, but not
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limited to, West Nile Virus. Two common mosquito adulticides include
Permethrin (a pyrethroid) and Malathion (an organophosphate), both
of which are neurotoxins. The USEPA has labelled these pesticides
good for mosquito treatment due to their low cost, high effectiveness
and low pest resistance. These pesticides are released directly into the
atmosphere during active ULV fogger spraying, resulting in potentially
significantly elevated atmospheric concentrations for hours to days after
spray event. Additionally, malathion can oxidize in the atmosphere to
malaoxon, a more toxic compound. The metropolitan area of Houston,
TX has a population of nearly 6 million people, making it the fourth
most populous city in the US, and covers over 9000 square miles. During
a September 2013 sampling campaign, nearly 300 atmospheric particular matter samples were collected during the month-long sampling
campaign at four different locations in the Houston metropolitan area.
Both total suspended particle (TSP) and particulate matter less than
2.5 microns in aerodynamic diameter (PM2.5) samples were collected,
the latter of which is more readily inhaled and presents a greater risk
to human health. Harris County, the main county of the Houston
metropolitan area, controls mosquito for ~4-7 months, annually, covering
the summer months. During 2013, Harris County utilized Permethrin
and Malathion via a weekly rotation from April to October. Proposed
daily ULV treatment plans are published online on a neighborhood
scale (Zip Code). Preliminary atmospheric concentrations show that
both Permethrin and Malathion have been with frequency that coinciding with days when treatment was proposed by the county. During or
directly after use, atmospheric concentration of Permethrin were measuring at typically >10 ng m-3, but as high as 90 ng m-3. Atmospheric
concentration of both Permethrin and Malathion were also examined at
downwind receptor sites. Size distributions (TSP v. PM2.5) and degradation products (malaoxon) were also examined.
MP200 The role of microRNAs in diazinon-induced infertility in C.
elegans
J. Cobb, C. Isaboke, East Carolina Univ / Dept of Biology; T. Oliveira, B.
Zhang, East Carolina Univ
Diazinon, a moderately toxic organophosphate insecticide, was marketed
for use on residential lawns and gardens and as a flea and tick deterrent
in pet collars until 2004. Exposure to organophosphate pesticides, such
as Diazinon, has been shown to produce negative long-term effects on
fertility, most often in agricultural workers who receive chronic low-level
exposure. However, the mechanisms resulting in this reduction in fertility are not fully understood. Here, we examine the effects of diazinon on
reproductive toxicity in C. elegans. Chronic diazinon exposure resulted
in a reduction in brood size. A stronger effect was observed on larvae in
comparison to fertile laid eggs, suggesting that diazinon may affect egg
hatching. Nevertheless, examination of oocyte apoptosis via acridine
orange staining did not show any difference in the rate of apoptotic cells
in diazinon-treated worms versus control. These results suggest that
diazinon may affect C. elegans fertility by compromising sperm, rather
than oocyte. Currently, we are using fog-2 and miR-35 mutants to dissociate the effect of diazinon on sperm versus oocytes. This is significant
because populations that experience high exposure to organophosphates
and associated infertility can receive treatment more focused to repairing
damage to the male germline. Further, our study would validate the role
of miRNAs in diazinon-induced infertility and suggest new avenues of
treatment for those exposed to organophosphate pesticides.
MP201 Time Trend of Polybrominated Diphenyl Ethers (PBDEs) in
Serum of the Korean General Population
J. Kim, Pohang Univ of Science and Technology; J. Kang, Korea Polar
Research Inst; E. Shin, Pohang Univ of Science and Technology; J. Kim,
Pohang Univ of Science and Technology / School of Environmental Science
and Engineering; Y. Chang, Pohang Univ of Science and Technology
Polybrominated diphenyl ethers (PBDEs) are a group of synthetic chemicals widely used as flame retardants and classified as persistent organic
pollutants (POPs) because these chemicals are ubiquitously detected
in the environment, resistant to degradation and accumulated in both
wildlife and humans due to their lipophilic property. The concentrations
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of seven PBDE congeners (BDE-28, -47, -99, -100, -153, -154, and -183)
were determined in 103 human serum samples collected in 2006. The
concentrations of ∑PBDEs (the sum of seven congeners) ranged from 0.13
to 31.8 ng/g lipid, with a median concentration of 6.70 ng/g lipid. Based
on the results of this study and the literature, the peak and schematic time
trend of ∑PBDEs concentration were estimated. Six pooled serum samples covering the period from 2006 to 2013 were also analyzed to observe
a temporal trend. The concentration of ∑PBDEs decreased with time, and
the peak of ∑PBDEs in serum obtained from the Korean general population occurred before 2001. In addition, each congener exhibited different
rates of decreasing concentration. Consequently, this study enabled us to
complement the time gab in previous studies and showed an overall trend
of PBDE levels in the Korean general population.
MP202 Transformation of proteinaceous compounds by
peroxymonosulfate
J.A. Pedersen, Univ of Wisconsin - Madison / Soil Science; M. Ruiz,
Univ of Wisconsin Madison; A. Chesney, Molecular and Environmental
Toxicology; C. Lietz, Univ of Wisconsin Madison / Chemistry; C. Booth,
Pace Analytical; L. Li, Univ of Wisconsin Madison
A variety of toxins and components of pathogens are peptidic or
proteinaceous in nature. These include some classes of cyanotoxins,
bacterial exotoxins, virus capsids, and pathogenic prion protein. As a
first step in investigating the utility of peroxymonosulfate (PMS) as an
in situ chemical oxidant for the decontamination of proteinaceous toxins
and pathogens, we investigated the oxidation of free amino acids by
PMS. Peroxymonosulfate is a strong oxidant with a standard reduction
potential of 1.8 V. Transition metals can catalyze the decomposition of
peroxymonosulfate to sulfate radicals. We studied the oxidation of 19 of
the 20 commonly occurring amino acids by PMS and PMS activated by
Co(II). In reactions with unactivated PMS, rates of oxidation decreased
in the order methionine > tryptophan > tyrosine> histidine > alanine.
Activation of PMS by Co(II) accelerated the rates of transformation for
all amino acids studied. Rates of oxidation by activated PMS decreased
in the order tryptophan > leucine > lysine. Products of oxidation were
determined by LC-MS/MS and included methionine sulfoxide and
hydroxylated tryptophan for the unactivated PMS reactions. To test the
efficacy of PMS in transforming amino acids in intact proteins, we investigated the degradation of pathogenic prion protein by unactivated PMS
and PMS activated by Co(II). Initial results indicate that peroxymonosulfate rapidly degrades disease-associated prion protein. Oxidation of
pathogenic prion protein can proceed directly without the activation by
exogenous transition metal cations. Activation of peroxymonosulfate by
cobalt to produce mainly sulfate radicals appears to enhance degradation
of pathogenic prion protein. We found that activated peroxymonosulfate
substantially reduced template-directed misfolding ability of prions as
measured by protein misfolding cyclic amplification. We find that PMS
holds promise as an in situ chemical oxidant for the inactivation of prions
and proteinaceous toxins.
MP203 Twenty years of air-water gas exchange observations for pesticides in the western Arctic Ocean
L.M. Jantunen, Environment Canada; F. Wong, Stockholm Univ / ITM;
A.B. Gawor, Depts of Chemistry and Physical and Environmental Sciences;
H. Kylin, Linköping Univ / Dept of Thematic Studies Environmental
Change; P.A. Helm, Ontario Ministry of the Environment and Climate
Change / Environmental Monitoring and Reporting Branch; G. Stern,
Fisheries and Oceans Canada; W. Strachan, D. Burniston, Environment
Canada; T.F. Bidleman, Umea Univ / Chemistry
The arctic has been contaminated by legacy organochlorine pesticides
(OCPs) and currently used pesticides (CUPs) through atmospheric
transport and oceanic currents. Here we report time trends and air-water
exchange of OCPs and CUPs from research expeditions conducted
between 1993-2013. Compounds determined in both air and water
were trans- and cis-chlordanes (TC, CC), trans- and cis-nonachlors
(TN, CN), heptachlor exo-epoxide (HEPX), dieldrin (DIEL), chlorobornanes (ΣCHBs, toxaphene), dacthal (DAC), endosulfans and
metabolite endosulfan sulfate (ENDO-I, ENDO-II, ENDO SUL),

chlorothalonil (CHT), chlorpyrifos (CPF) and trifluralin (TFN).
Pentachloronitrobenzene (PCNB, quintozene) and its soil metabolite
pentachlorothianisole (PCTA) were also found in air. Concentrations
of most OCPs declined in surface water, whereas some CUPs increased
(ENDO-I, CHT and TFN) or showed no significant change (CPF,
DAC), while most compounds declined in air. Chlordane compound
fractions TC/(TC+CC) and TC/(TC+CC+TN) decreased in water and
air, while CC/(TC+CC+TN) and TN/(TC+CC+TN) increased, suggesting selective removal of more labile TC over time and/or a shift in
chlordane sources. Water/air fugacity ratiosindicated net volatilization
(FR >1.0) or near equilibrium (FR not significantly different from 1.0)
for most OCPs, but net deposition (FR < 1.0) for ΣCHBs. Net deposition was shown for ENDO-I on all expeditions, while the net exchange
direction of other CUPs varied. Understanding the processes and current
state of air-surface exchange helps to interpret environmental exposure,
evaluate the effectiveness of International Protocols and provides insights
for the environmental fate of new and emerging chemicals.
MP204 Understanding the atmospheric pressure ionization of
petroleum components: the effects of size, structure, and presence of
heteroatoms
A. Huba, Chemistry Biochemistry and SERC; P.R. Gardinali, Florida
International Univ / Chemistry Biochemistry and SERC
Despite current advances in alternative resources, petroleum is still vital
for the production of energy and as a precursor for various materials, such
as plastics and medicines. Each year, considerable amounts of petroleum
are accidentally released into the environment during production and
transport, as well as through natural seepage. Understanding the composition of crude oil and its changes with time and weathering is essential
when assessing its fate and potential effects. In recent years, highresolution mass spectrometry has provided the opportunity to address
the complexity of crude oil and to assign molecular formulas, as well as
to sort compounds into “classes” based on heteroatom content. However,
factors such as suppression effects and discrimination towards certain
components severely limit a truly comprehensive mass spectrometric
characterization, and as of today oil characterization still represents a
major challenge. Therefore, in order to fully comprehend the significance of class abundances, as well as the nature of compounds detected,
one has to have a good understanding of the ionization efficiency of
the various compound types under the multiple ionization modes. The
current study, therefore, analyzed model compounds by direct infusion
high-resolution mass spectrometry with atmospheric pressure photoionization (APPI) and electrospray ionization (ESI), in order to provide a
better understanding of the size, polarity, and heteroatom range that can
be detected. Results indicate that polyaromatic hydrocarbons (PAHs)
as small as two rings and as big as seven rings are successfully ionized
in APPI. In both ESI and APPI, the positive ionization mode preferentially generates aldehydes, ketones and pyridinic nitrogen species,
while the negative ion mode preferentially produces carboxylic acids and
pyrrolic nitrogen compounds. The results from this study will provide the
fundamental knowledge required when interpreting data regarding the
class and functionality type of compounds found in oil characterization
studies using single or multiple ionization modes.
MP205 UV-induced degradation of complex polycylic aromatic hydrocarbon mixtures under accurately emulated terrestrial conditions
P. Hoffman, Oregon State Univ / Environmental and Molecular Toxicology;
K. Andersen, Oregon State Univ
While there exists substantial literature relating to UV-stimulated PAH
degradation, it’s applicability to real-world situations has been complicated by significant technical constraints; particularly difficulties in
generating accurate solar-simulating UV spectra from artificial sources
and the low solubilities of PAHs in pure water. Choices made to address
these concerns have led to technical compromises that distance studies
from real-world conditions. Elevated levels of UVB and the inclusion
of UVC in some studies dramatically effects degradation kinetics. In
other studies the spectral output of the UV source – a critical consideration in judging a study’s validity - is so inadequately described that
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it’s impossible to judge the relevance of the findings. Additionally, the
limited aqueous solubilities of PAHs in pure water and the resultant
low concentration of analytes, lead to multiple studies where irradiations are performed in organic solvents, allowing much higher analyte
concentration, but requiring extrapolation of those results to aqueous
environments. Moreover, irradiations are commonly comprised of single
analytes, rather than complex mixtures in which PAHs are typically
found. In this study, solar radiance is modeled using a xenon-arc source
with appropriate filters, dissolved organic carbon (DOC) is added
to levels typical to the Willamette river in Oregon (1.74 ppm), and a
mixture of PAHs representing the ten most prevalent PAHs found in
field sampling at the Portland harbor Superfund site is used as a model
complex PAH mixture. Analytes in this mixture, denoted SuperMix
10, are included at ratios approximating actual ratios at Portland harbor.
Using UV intensities normalized to the OECD standard rate, our results
show rapid degradation of benz(a)anthracene (half-life ~ 20 minutes)
and pyrene from the mix, as well as anthracene (added as a UV degradation control). Additionally, retene and chrysene showed significant
degradation, while phenanthrene, fluoranthene, acenaphthene, fluorene,
naphthalene and 2-methyl naphthalene showed limited or no change
under our initial - relatively low dose - conditions.
MP206 Water solubility measurements of atrazine and fipronil, in
freshwater and seawater
P. Saranjampour, K. Armbrust, Louisiana State Univ / Environmental
Sciences School of the Coast and Environment
Salinity has been reported to impact the water solubility of organic
chemicals entering marine ecosystems however there surprisingly is
scarce data available on the universe of chemicals potentially entering
seawater. Impacts on solubility would correspondingly impact chemical sorption as well as overall bioavailability and thus impact exposure
estimates. The water solubility of fipronil and atrazine were measured in
fresh water (pH = 5), 0.01 M phosphate buffer (1.22 g/L, pH = 7), and
sea water (salinity 32 g/L, pH = 8) at 25?C using an equilibration shakeflask method. The water solubility of fipronil was 1.9 mg/L in seawater,
5.8 mg/L in buffer and 4.8 mg/L in distilled water, which were similar
to the value of 1.9 mg/L reported in the literature. The water solubility
of atrazine was 50 mg/L in seawater, 65 mg/L in buffer, and 55 mg/L
in distilled water, which were slightly above the reported value of 34.7
mg/L at pH = 7 (22?C) using the EPA shake-flask method. While values
varied slightly from literature values, possible due to small variations in
experimental conditions such as temperature, the overall data still indicated overall reductions in solubility in seawater vs distilled water.
MP207 Evaluation of Exposures to Naturally Generated Diacetyl and
2,3-Pentanedione from Thermally Processed and Fermented Food
Products
L. Liang, M. Liong, S.H. Gaffney, Cardno ChemRisk
Diacetyl and 2,3-pentanedione are part of over 1000 volatile components
that are naturally generated in food products through thermal processing
via the Maillard reaction, and/or fermentation processing. In addition,
diacetyl has been incorporated into food products as a flavoring and
odorant additive for decades, and is among the food substances listed as
Generally Regarded as Safe by the US Food and Drug Administration.
However, the association between occupational exposure to diacetyl and
2,3-pentanedione in the food and flavoring industry and impaired respiratory function continues to be a subject of scientific study and debate.
Since there is a paucity of literature on the exposure to naturally generated diketones from food products, we performed a thorough literature
review to analyze the concentrations of diacetyl and 2,3-pentanedione in
thermally processed or fermented food products, and evaluated potential
occupational and consumer exposure in comparison to the proposed
and recommended occupational exposure limits (OELs) for diacetyl and
2,3-pentanedione. All studies evaluating foods in which naturally generated diketone concentrations were measured in a headspace and from
which potential airborne concentrations could be derived were included
in this analysis. Food products that contained diacetyl or 2,3-pentanedione as artificial flavoring or additive were excluded from the analysis. A
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total of 21 studies identifying dairy, bread, beer/wine, coffee, and other
food products were investigated and results were converted to ppm. The
estimated airborne concentrations of naturally generated diacetyl and
2,3-pentanedione were: i) 0.39-9.41 ppm and 0.73-6.46 ppm, respectively, in coffee, ii) 0.01-9.71 ppm and 0.24-0.68 ppm, respectively, in
dairy products, iii) 0.43-1.41 ppm and 0.49-0.91 ppm, respectively, in
bread products, iv) 0.017-0.872 ppm and 0.07-0.29 ppm, respectively, in
beer/wine, and v) 0.026-0.16 ppm diacetyl in other food products including fries and almonds. The results suggest there is a potential for food
processing workers and even consumers to be exposed to airborne concentrations of diacetyl and 2,3-pentanedione in excess of the proposed or
recommended OELs, and further research may be warranted.

Linking Science and Social Issues General
MP208 Development of an online platform to promote environmental public health within citizen scientists
D. Rohlman, Oregon State Univ / Environmental Health Sciences
Center; K.A. Hobbie, Oregon State Univ / Environmental Molecular and
Toxicology; M.L. Barton, Oregon State Univ / Environmental Health
Sciences Center; J. Willmarth, Oregon State Univ / Dept of Environmental
and Molecular Toxicology; L. Kincl, Oregon State Univ / College of
Public Health and Human Sciences; K.A. Anderson, Oregon State Univ /
Environmental and Molecular Toxicology
Following the Deepwater Horizon oil spill, impacted communities related the need for improved pre-event planning, as well as the
need for community input and involvement in the planning process.
Furthermore, improved report-back mechanisms to ensure complete
dissemination of research results was requested. In response, the online
portal, Environmental Preparedness and Resilience Empowering People
(EPREP), was created. Leveraging the adaptability of passive sampling
devices, EPREP is designed to enable citizen scientists to robustly collect environmental data within their homes and communities. With the
capacity of EPREP, citizen scientists will be able to merge their knowledge of their community and unique environmental exposures with
state-of-the-art samplers to gather unprecedented information regarding pre- and post-disaster scenarios. The goal of EPREP is to provide
training in environmental health, passive sampling, sample collection,
and quality assurance and control standards. Previous evaluation of
citizen science projects found that successful programs incorporated the
following: 1) capacity to teach field skills (including quality assurance/
compliance) through an online mechanism and; 2) low-maintenance
samplers and; 3) a well-designed report-back mechanism. EPREP has
been designed to address these requirements. First, citizen scientists will
meet QA/QC requirements via online, multi-modal training modules
that also explain the capacity of the passive sampling devices. Secondly,
the passive sampling devices have no energy or connectivity requirements
and do not need continued maintenance. Thirdly, in addition to providing personalized report-back to individual participants, EPREP will
host a database of aggregate environmental data, allowing communities
to perform their own analysis. It is anticipated that such open-access
to data will contribute to a more engaged, resilient community. Here,
authors will discuss the online training modules being developed in
collaboration with community partners, as well as the iterative process
to build an online data visualization program to enhance the EPREP
database of environmental data.
MP209 Engaging rural citizen scientists to explore impacts of fracking on ambient air
D. Rohlman, Oregon State Univ / Environmental Health Sciences Center;
E.N. Haynes, Univ of Cincinnati / Center for Environmental Genetics;
K.A. Anderson, L.B. Paulik, Oregon State Univ / Environmental and
Molecular Toxicology; P. Feezel, Carroll Concerned Citizens; L. Kincl,
Oregon State Univ / College of Public Health and Human Sciences
Over 1,800 horizontal wells have been permitted in Ohio. Of those, 480
are located in rural, low-income Carroll County. Residents of Carroll
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County raised concerns regarding air quality as a result of proximity to
unconventional natural gas drilling (UNGD). Landowners partnered
with researchers from Oregon State University and the University of
Cincinnati to place passive samplers on 23 properties within Carroll
County. The stationary passive air samplers sequester semi-volatile
organic compounds without use of power, connectivity or maintenance.
Landowners were recruited through a partner community organization.
Researchers worked with a key community contact to create recruitment
and educational materials for the study. All participants were informed
they would receive their results as part of participation in the study.
Landowners met with the research team to inform the placement of
the sampler on their property and to receive hands-on training with the
sampling material. All landowners were trained to remove and document
the passive sampling material, and to return it to the sampling team
after the 3 week study period. All samples were analyzed for 62 PAHs,
with 32 detected at measurable levels. To return data to the participants,
the research team developed a report template following best practices,
which was then reviewed internally and by the key community contact.
The report was three-fold, with a personalized cover letter, individual
results, and de-identified aggregate results. To gather feedback on the
efficacy of the report-back process, all study participants were contacted by telephone and their feedback collated. This feedback will be
used to inform report-back mechanisms for the next phase of the study.
The continued engagement of community members throughout the
research process was essential to the success of the study. Landowners
shared detailed information about their properties, enabling samplers
to be placed at appropriate distances from nearby UNGD wells; trained
landowners returned the samplers to the research team thereby reducing
research costs; participant feedback indicated that the results were presented in a useful and understandable manner and; novel environmental
data was collected to advance future studies.
MP210 Finding the Future of Food
A.J. Berardy, Arizona State Univ / School of Sustainability; T.P. Seager,
Arizona State Univ / School of Sustainable Engineering Built Environ
Two perspectives dominate competing visions regarding the future of
sustainable food systems. Technological optimists argue that embracing
scientific advancement is necessary because only efficiency improvements
can feed the world. Environmental purists believe that nature must be
preserved and favor cutting back consumption and improving distribution to solve hunger. Consumers exposed to these viewpoints are likely
to not know which side to trust or what arguments are valid, which
leads them to either not care or become zealots for one side or the other.
Sustainable consumers need tacit knowledge – unstated understanding
not easily written or verbalized, but necessary for tasks where explicit
information would be insufficient – to gain enough expertise to understand tradeoffs, context, and motivation in ways that explicit information
alone can’t provide. This paper provides an overview that attempts to
fairly represent and critique the diverse perspectives and arguments
in the debate over the future of sustainable food. Issues exist in and
across all stages in the life cycle of food, from production to disposal,
and abundant research is performed in most of these areas. However,
dogmatic viewpoints on controversial issues distract the public from significant issues with the food system which deserve more attention. This
talk highlights areas of the food system where significant improvement
is possible, and proposes a path forward to start resolving intractable
debates through increasing consumer competence.
MP211 Pesticides in surface water: Can citizen science help collect
the data scientists need?
M. Rakestraw, Univ of Nebraska - Omaha / Biology; K. Herrmann, A.S.
Kolok, Univ of Nebraska - Omaha / Nebraska Watershed Network
Historically, adopt-a-stream programs collect data that have limited
toxicological utility. For example, water pH or hardness is often collected
by citizen scientists but the explanatory power relative to organic pollution is limited. Our aim in the projects below was to test the hypothesis
that citizen scientists, equipped with rapid assessment analytical tools
can supply researchers with reliable data. To test that hypothesis, we

conducted a series of tests to: 1) examine citizen scientists type 1 and type
2 error, 2) determine how many people in a large geographical area would
participate in water quality testing on a single day, and 3) determine if
citizen scientists would have the stamina to serial sample over the course
of a 10-wks. The tool used by citizen scientists was the atrazine ATZ) test
strip, an inexpensive and rapid detection tool that indicates the presence
of ATZ concentrations exceed 3 ppb. To examine type 1 and 2 errors,
136 students conducted blind tests for ATZ in laced solutions. Of the 91
students that tested a blank solution (no ATZ) only 2.2% reported a false
positive. Likewise, 42 of the 45 students that tested a solution laced with
ATZ correctly interpreted the result as being positive; a type II error rate
of 6.6%. During 2014 a field trial was conducted with citizen scientists
testing water in the Mississippi River within the US states of:MN, IL,
MO, KY, and LA. Of the samples collected, over 80% were negative for
ATZ. A post-collection analysis of the data revealed two areas of primary
interest surrounding St. Louis, MO, and a region between IL, KY and
MO. In 2015, the goal of the project was to coordinate groups of people
to sample repeatedly at 24 different sites within IL along the Vermillion
and Illinois Rivers. During the first 5 weeks of the season, >95% of all the
sites were tested weekly. Citizen scientists can collect reliable data in a
simultaneously and coordinated fashion, as well as repeatedly over time.
MP212 Promoting environmental health education in a Native
American community through the lens of First Foods
D. Rohlman, Oregon State Univ / Environmental Health Sciences Center;
J. Donatuto, Dept of Environmental Protection; L. Campbell, Swinomish
Indian Tribal Community
To date, there are no established environmental public health programs
in widespread use in Native American communities, likely because these
conventional programs do not resonate in these communities due to
disparate knowledge, acquisition and transmission beliefs and practices.
This gap has been recognized by the Indian Health Service, which in
2014 recognized environmental health education and programming as
an essential component to public health. The Swinomish Indian Tribal
Community, a Coast Salish Tribe in the Pacific Northwest of the United
States, has developed a set of indigenous health indicators, which reflect
the health of the environment, culture, community, body and spirit in a
holistic view of health. This approach forms the foundation for developing a community-based environmental health education program. Using
principles of informal learning, the program will bridge EH education
with First Foods knowledge. First Foods, also called traditional foods,
subsistence foods or indigenous foods, are more than local resources harvested for caloric intake; they represent a unique, place-based knowledge
and practice, intimately tied to traditional ecological knowledge. Most
(if not all) Native communities in the United States have knowledge and
practices centered around local natural resources and First Foods. The
Swinomish environmental public health program is unique in that the
community determines the program’s objectives and priorities, thus creating community-specific curricula that are more engaging to community
members. The program employs both local indigenous knowledge and
non-Native environmental public health knowledge. This knowledge
will be captured through a variety of community engaged projects at
established community gatherings with adults and youth, and include
activities such as PhotoVoice projects, information walks, and community
newsletters/recipe books highlighting First Foods and environmental
health. Ultimately such a program may prove beneficial to multiple tribal
communities, who will be able to adapt the program to their communities
by substituting in their unique First Foods knowledge and practices.
MP213 Racial/Ethnic Disparities in Cumulative Phthalates
Exposure Among US Reproductive-age Women: Findings from
NHANES 2001-2012
J. Varshavsky, Environmental Health Sciences Division School of Public
Health; A. Zota, George Washington Univ; T. Woodruff, Univ of California,
San Francisco
Phthalates are hormonally active chemicals produced in over 470 million
pounds per year. They have been linked to a number of developmental
and reproductive health effects in animal and a limited number of human
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studies. Most notably, fetal exposure to phthalates and other “antiandrogens” has been linked to a group of male reproductive problems
known as the “phthalate syndrome” in animals, which includes birth
defects of the testes and penis, low sperm count, and infertility. Previous
studies find racial/ethnic and socioeconomic disparities in exposure
to certain individual phthalates; however no prior study has examined
demographic variations in cumulative phthalate exposures. The National
Academy of Sciences (NAS) finds that simultaneous exposure to multiple
phthalates poses a higher risk than individual phthalate exposure and
risks may also be higher from prenatal exposures. To determine whether
cumulative exposure to androgen-disrupting phthalates varies by race/
ethnicity among US reproductive-aged women, we analyzed data on
2509 reproductive-aged women from 2001-2012 National Health and
Nutritional Examination Survey (NHANES) years who self-identified as
non-Hispanic White (NHW), non-Hispanic Black (NHB) or Mexican
American. We calculated a potency-weighted sum of total daily intake
(∑androgen disrupters; µg/kg/day) of di-n-butyl phthalate (DnBP),
diisobutyl phthalate (DiBP), butylbenzyl phthalate (BBzP), di(2-ethylhexyl) phthalates (DEHP) and diisononyl phthalate (DiNP) using NAS
recommendations. Concentrations of ∑androgen disrupters varied by
race/ethnicity, which was a significant predictor of cumulative phthalate
exposure after adjusting for age, body mass index, and socioeconomic
status (educational attainment and household income). Preliminary results
indicate that Black women in the United States have higher cumulative
exposures to anti-androgenic phthalates; thus, they may be more vulnerable to the adverse effects of phthalates. These findings will advance our
understanding of racial/ethnic cumulative phthalate exposure disparities
and identify potentially vulnerable groups of reproductive-age women to
target for intervention and ultimately exposure mitigation.
MP214 Support for State-level risk management in the absence of
Federal guidance: StateHELP
A.M. Willis, O. Kroner, Univ of Cincinnati / Dept of Environmental
Health; D.E. Lee, M. Dourson, Toxicology Excellence for Risk Assessment
State environmental agencies in the United States are charged with
making risk management decisions that protect public health and the
environment while managing limited technical, financial, and human
resources. Meanwhile, the Federal risk assessment community that
provides guidance and resources to State agencies is challenged by the
rapid growth of the global chemical inventory. As a result, the risk
assessment and management needs have surpassed the Federal community’s ability to provide timely detailed guidance for a number of
chemicals and scenarios. When chemical profiles are unavailable from
Federal resources, each State agency must act independently to identify
and select appropriate chemical risk assessment/management procedures,
oftentimes with limited resources. Within this context, we describe the
StateHELP (State Hazard Evaluation Lending Program) efforts to lend
technical support to State, Tribal, and other agencies that are facing
resource limitation. Two recent projects are highlighted. Maine: The
Maine Board of Pesticides Control is investigating the toxicity of several
pesticide active ingredients to lobsters (which are key to Maine’s fishing
industry). Because EPA Office of Pesticides ecological reviews for pesticides can be somewhat outdated, there are typically little to no toxicity
data in lobsters, and there are inadequate resources to conduct toxicity
testing in this species, StateHELP was approached to lend support for
this review. Confederated Tribes of the Umatilla Indian Reservation:
While there is a great deal of data on plant uptake of chemicals and
the potential for human exposure, most of this data is available for crop
species and hyperaccumulator plants only. However, data was needed
on metal uptake from soil and sediment into plants eaten directly from
the wild (both foods and medicines), particularly in Native American
usage areas. This non-traditional information was needed to guide
Tribal risk assessments when target plant species data were unavailable, and for extrapolation between plant species across environment
types. StateHELP provided support on identifying available approaches.
Both of these projects showcase instances when Federal guidance was
unavailable and State resources were not fully applicable for these specific
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scenarios. We highlight the StateHELP approach for local risk management agencies to access support for environmental risk assessment issues
in cases where Federal guidance/support is limited.
MP215 Sustainability Assessment of a National Bioeconomy:
Approaches and Tools to Evaluate Emergent Properties
B.T. Walton, USEPA / ORD NHEERL; D.T. Perla, E.R. Smith, USEPA
/ Office of Research and Development
Bioeconomy describes a concerted initiative to utilize bioscience and
biological resources to reduce petroleum use on a national and global
scale. In a bioeconomy, renewable aquatic and terrestrial biomass
would be marshaled for food, fuel, and products to help meet economic, environmental, social, and national security needs. The National
Bioeconomy Blueprint (2012) was endorsed by The President in 2012 and
by the Congressionally mandated Biomass Research & Development
Board in 2014. Anticipated consequences of a bioeconomy include a
five-fold increase in biomass production and use in the next 15 years.
Expanded production of bio-derived industrial chemicals and markets
would likely ensue. Among the proposed benefits of a bioeconomy are
the identification and deployment of pathways to enhance ecosystem
services that ensure nutrient cycling, energy flow, aquifer recharge,
biodiversity, primary production, and other benefits. The concept of a
national bioeconomy embraces an enormously complex enterprise that
promises clean, affordable energy production marked by increased carbon
sequestration, net GHG reductions, and new options for disposal of
municipal and food wastes. The Bioeconomy has already invited substantial investment in research on green chemistry, nanocellulosics,
biocatalysis, photosynthetic refineries, plant genome research, bioengineering, biopolymers, and a plethora of emerging technologies. Thus the
challenge of conducting a Sustainability Assessment for the Bioeconomy
is confounded not only by the many technologic facets of the enterprise,
but by the uncertainties associated with an emergent technology with
unknown potential for benefit or harm to natural and human systems.
We highlight some promising tools and approaches that could be marshaled to address potential challenges to public health and the natural
environment posed by a bioeconomy. We endorse a suite of criteria
against which to evaluate the inter- and intra- generational sustainability
of a national bioeconomy.
MP216 The Penobscot River and Environmental Contaminants:
Assessment of Tribal Exposure through Sustenance Lifeways
V. Marshall, USEPA Region 1; R.H. Sugatt, R. Hillger, USEPA; A.A.
Elskus, USGS / School of Biology Ecology; C. Byrne, J. Ferrario, USEPA;
C.E. Orazio, USGS / Columbia Environmental Research Center; R.
Dudley, USGS; S. Warren, D. DeMarini, A. Swank, T. Hughes, J.
Diliberto, S. Stodola, USEPA; S.E. Mierzykowski, US Fish and Wildlife
Service / Maine Field OfficeEcological Services; K. Pugh, ATSDR; C.
Culbertson, USGS
As a riverine tribe, the Penobscot Indian Nation’s (PIN) culture and
traditions are inextricably tied to the Penobscot River watershed. It is
through hunting, fishing, trapping, gathering and making baskets, pottery, moccasins, birch-bark canoes and other traditional practices that
the Penobscot culture and people are sustained. The US Environmental
Protection Agency in collaboration with the PIN, US Geological Survey,
Agency for Toxic Substances and Disease Registry, and the US Fish
and Wildlife Service collectively embarked on a study to evaluate the
environmental health of the Penobscot riverine system by conducting
a contaminant screening in regions of the Penobscot River relevant to
specific cultural practices. Six reaches deemed ecologically representative were selected along 140 kilometers of the Penobscot River between
Old Town and Medway, Maine. Mercury, polychlorinated biphenyls,
and polychlorinated dibenzo-p-dioxins and furans were measured in
fish, plants, ducks and turtles. In addition, samples of river water were
assessed for mutagenicity. Results indicate mercury levels in fish and
snapping turtle to be of greatest concern for tribal health. There was little
evidence of water mutagenicity. The data collected for this preliminary
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screening can assist the PIN in developing health advisories, making
decisions regarding tribal member health, and the use of the PIN’s environmental resources for cultural practices.
MP217 Words Matter - Presenting Science-Based Information to the
Public
L. Kapustka, LK Consultancy
SETAC’s tripartite governance has served the Society well over the
years. The intent is to encourage technical exchange on challenging
issues with a minimum of organizational bias. Yet, the distinctly different missions of academia, business, and government create cultures
that encourages those who push the boundaries in the design of studies
and analysis of data that favour the sector. In his keynote address in
Vancouver (SETAC North America 2015 Annual Meeting), Bob Lackey
examined the dangers of slipping into normative science and stealth
advocacy that have become pervasive in the Science-Policy interface.
Biases may be intentional or subconscious; the most perverse has earned
the moniker of “bending science.” Even well-intentioned efforts when
presented to the general public can trigger unexpected reactions. Terms
such as “sound science,” “uncertainty,” “risk assessment,” and “support”
have negative connotation within some sectors of society. In this talk, I
will examine these and other word choices that can compromise acceptance of findings about the safety of chemicals in the environment.

Regulatory Directions General
MP218 Concentrations of Selected Elements in Unfinished Wood
and Other Natural Materials
A.M. Willis, O. Kroner, Univ of Cincinnati / Dept of Environmental
Health; D.E. Lee, J. Patterson, Toxicology Excellence for Risk Assessment
The Consumer Product Safety Act includes requirements for third party
testing of children’s products. Toys intended for children under the age
of six (or toys or toy parts that are likely to be “sucked, mouthed, or
ingested”) are to be tested for compliance with the American Society for
Testing and Materials (ASTM) F963-11, Standard Consumer Safety
Specification for Toy Safety Products. Babies and children can suck or
mouth toys and other children’s products, which may lead to ingestion
of chemicals or metals in the products. The purpose of this research was
to gather information that could be used to help determine whether
there is potential for any of seven elements (antimony, arsenic, barium,
cadmium, chromium, mercury, and selenium) to be present in several
types of unfinished natural materials (i.e., wood, bamboo, beeswax,
cotton, linen, wool, silk, and paper) at concentrations above the solubility limits established in ASTM F963-11. These are materials that are
sometimes used to make children’s products. We found few studies on
concentrations of the elements in the materials themselves and therefore
sought information to investigate more indirect lines of evidence such as
concentrations in plants or the environment. We developed a hierarchy
of evidence and an approach for bounding the literature review effort,
with the ability to stop a search once sufficient data were found showing metal concentrations above the solubility limit for each material. We
did not find concentrations of the ASTM elements above the solubility
limits in wood, bamboo, beeswax, silk, or linen cloth. However, we did
find studies demonstrating uptake and accumulation of one or more elements in the base material (trees, bamboo plants, silkworms, flax plants,
and cotton plants). The results of this project can best be characterized as
a screening exercise, wherein we sought information on concentrations
and conditions that might contribute to an element accumulating in each
type of material. More data are needed regarding uptake of metals into
natural materials that are used as the base for consumer products in order
to fully assess human potential exposures. This work was done by TERA
under contract with CPSC (CPSC-D-12-0001). The views expressed are
those of the authors and not that of CPSC.

MP219 Considerations for conducting higher tier pulse duration tests
to simulate realistic exposure patterns for aquatic risk assessments
A. Samel, DuPont Crop Protection / Ecotoxicology
Aquatic risk assessments for plant protection products (PPPs) are often
based on a tiered approach. Tier 1 is based on endpoints generated from
studies conducted following specific testing guidelines to ensure consistency in exposure methods. The ratios of these endpoints to predicted
environmental concentrations (PECs) are compared with set assessment
factors in the risk assessment. The guideline tests used in Tier 1 are considered worst case because they do not consider degradation (i.e., exposure
is constant for the duration of the test), binding to sediment or plants (i.e.,
conducted in water-only enclosures), or movement of organisms away
from the point of exposure. The Tier 1 risk assessment is also considered
very conservative; assessment factors or margins of safety are very high
since the overall risk assessment is based on results from few surrogate test
species and PECs are based on a maximum concentration reached, rather
than fluctuating concentrations over time. Higher tier approaches can be
used to lower the uncertainty inherent in the Tier 1 risk assessment and
can be refined to be increasingly representative of actual environmental
conditions if the Tier 1 risk assessment cannot demonstrate low risk to
aquatic organisms. Higher tier tests may involve further laboratory tests
on additional organisms in that taxonomic group, refining exposure
conditions in the laboratory so they are more realistic, or conducting
multi-species mesocosm tests with refined exposure patterns that are
similar to the proposed application label. Refinements to exposure can
be achieved via static, semi-static or flow-through exposures systems to
simulate exposure patterns of the test material to a body of water utilizing
exposure models such as FOCUS. This presentation will describe the
challenges in designing a pulse duration study that is representative of a
relevant exposure pattern modeled using FOCUS, can be used in a higher
tier risk assessment for a particular application label rate, yet must be
flexible enough to address potential changes to the application rate and
maintain its relevance in future regulatory discussions.
MP220 The Crystalline Silica Conundrum in the Classification of
Products Using the Globally Harmonized System for Classification
and Labelling of Chemicals
A. Lewis, Gradient; C.B. Tuit, Gradient Corporation
Respirable crystalline silica (RCS) has long been a focus of workplace
air monitoring because of well-recognized associations with silicosis
and lung cancer. Given the known health effects, under the Globally
Harmonized System for Classification and Labelling of Chemicals
(GHS) regulation manufactures must consider the appropriate classification for products containing crystalline silica so that appropriate
workplace warnings are communicated. Classification can carry
substantial implications, because products labeled as “carcinogenic” are
subject to use restrictions from both regulators and downstream users.
Classification of RCS is complicated by several technical and regulatory
issues. First, not all regulatory agencies specify clearly whether hazard
classification should be based on the respirable fraction. Although some
entities specify that RCS is the biologically relevant form that is subject
to classifications regulations, other jurisdictions are silent on the issue.
Second, even if it could be argued successfully that RCS is the relevant
form of silica for classification purposes, no promulgated method exists
in either the US or the EU for measuring the RCS concentration of
a bulk material. Currently, two methods of RCS measurement are in
use: a modified NIOSH 7500 method, and the size-weighted relative
fine fraction method for crystalline silica (SWeRFCS) developed by
IMA Europe. Neither has gained official regulatory acceptance. Third,
although general agreement exists that RCS causes systemic targetorgan toxicity in humans, the carcinogenicity classification varies among
regulatory entities, with determinations ranging from no classification to
the most stringent: Carcinogen Category 1A (GHS equivalent). A critical element of the cancer-classification debate rests on the fact that RCS
is a threshold carcinogen: RCS-related cancer is preceded by a host of
noncancer effects, including silicosis. Without regulatory guidance on all
of these issues, manufacturers must either take the conservative approach
of classifying RCS on the basis of total crystalline silica (TCS), which
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is not the relevant biological agent, or run the risk of non-compliance
penalties. This presentation will highlight the complexities associated
with classifying RCS and considerations for building a harmonized logic
for communicating RCS hazards across the globe.
MP221 Uncertainties of USEPA’s New Standard Default Factors on
Toxicity Assessment
C. Julias, T.R. Marcum, CDM
The purpose of the toxicity assessment is to weigh available evidence
regarding the potential for contaminants to cause adverse effects in
exposed individuals. Toxicity assessment for contaminants of concern
at Superfund sites includes hazard identification and dose-response
assessment. As part of the dose-response assessment, toxicity values (e.g.,
reference doses and slope factors) are used to estimate potential for adverse
effects to occur in humans at different exposure levels. Because most
toxicity values are based on animal studies, the degree of harm to humans
must be extrapolated based on a variety of assumptions, such as human
body weight. The US Environmental Protection Agency (USEPA)
recently released a new Directive titled Human Health Evaluation Manual,
Supplemental Guidance: Update of Standard Default Exposure Factors. This
Directive provides updates to several Superfund-specific default exposure
factors recommended in Risk Assessment Guidance for Superfund: Human
Health Evaluation Manual (RAGS), Part A and RAGS Part E, including an adult body weight of 80 kilograms (kg), as recommended in the
Exposure Factor Handbook – 2011 Edition. Toxicity values provided in the
Integrated Risk Information System (IRIS) database and Provisional Peer
Reviewed Toxicity Values for Superfund (PPTRV) are generally based
on the assumption of a human body weight of 70 kg. This paper presents
uncertainties associated with using toxicity values based on a body weight
of 70 kg as opposed to 80 kg and the impact of other updated default
exposure factors in the toxicity assessment, and subsequently the risk
assessment and risk management decision.

Terrestrial or Wildlife Toxicology and
Ecology General
MP222 A probabilistic risk assessment model for bird species foraging
in corn and soybean fields with different tillage practices
D. Moore, R. Teed, Intrinsik Environmental Sciences Inc.; C. Greer,
Intrinsik Environmental Sciences (US), Inc. / Biology; T.B. Fredricks,
Monsanto Company / Zoology; L.J. Schuler, Monsanto Company / School of
Biological Sciences
Even though agricultural practices use precise methods for sowing seeds,
there could be a small proportion of seeds that remains available on the
soil surface. Thus, avian species that forage in agricultural fields could
theoretically be exposed to unincorporated seeds treated with a pesticide.
In USEPA’s T-REX model, the exposure calculations for bird species
potentially consuming treated speeds do not account for seeds that are
incorporated (drilled) at planting. Therefore, we developed a higher
tier model known as the Seed Pesticide Avian Risk Assessment Model
(SeedPARAM) to refine the avian risk assessment for treated seeds. The
probabilistic model estimates acute and chronic risk to each of 20 birds
on each of 1000 fields. Currently, the model includes eight bird species
known to forage for seeds or shoots in corn and soybean fields. Three
routes of exposure are included in the model: consumption of seeds that
remain on the soil surface following planting, consumption of below
ground seeds obtained by pulling up young shoots, and consumption of
young shoots. For each simulated bird, values are randomly selected for
the major input variables (e.g., body weight, free metabolic rate, gross
energies, assimilation efficiencies, proportion time foraging on treated
fields) to estimate exposure. The simulation is repeated for a total of 20
birds on each treated field. The model then moves onto the next field.
Fields differ with regard to attractiveness to foraging birds and waste
grain availability on the soil surface (tilled, untilled, and reduced tilling
agronomic practices are considered). The number of waste grains on
the soil surface affects the probability that a bird will consume a treated
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seed. The outer loop continues for 1000 fields, which results in acute
and chronic exposure estimates for 20,000 birds (i.e., 20 birds x 1000
fields). Including a large number of birds in each model run allows for
intra-species variability in body weight, free metabolic rate, and foraging
behavior to be explicitly addressed in the model and estimates of risk.
Depending on the available effects metrics, the model can either estimate
probabilities of exceeding acute and chronic benchmarks or can generate
risk curves that define the relationship between cumulative probability
and magnitude of effect. In this presentation, we illustrate SeedPARAM
with a case study.
MP223 Assessment of Fungicidal Activity of Relevant Metabolites of
a Phenylamide Fungicide
G. Nallani, FMC Corporation / Biological Sciences; B. Sharma, FMC Corp
Global Regulatory Sciences; D. OLeary, Ricerca Biosciences; G.C. Mitchell,
FMC Corporation
The first step in the scheme for decision-making concerning the
‘relevance’ of a groundwater metabolite in Europe involves evaluation of its biological activity against the parent molecule. As per the
European Guidance on the Assessment of the Relevance of Metabolites
in Groundwater : SANCO/221/2000-rev.10-Final, 25 February 2003,
a metabolite could be considered to have no biological activity if the
activity is less than 50% of the parent. Biological activity tests on relevant
metabolites are critical for an active ingredient to be approved in Europe
according to the regulation 1107/2009. In the present study, fungicidal
activities of three relevant metabolites of a phenylamide class fungicide
were evaluated against two common plant pathogenic Oomycete species: Phytophthora infestans and Pythium ultimum. In this testing, agar
amended with the parent or metabolite in Petri dishes was inoculated in
the center of the dish with P. infestans or P. ultimum. At the completion
of a defined incubation period, the diameter of the growth outward from
the inoculum disk was measured. The results indicated that the three
metabolites had significantly lower activity compared to the parent and
hence are considered inactive.
MP224 Cadmium in gulls: A global overview
W.E. Espejo, Univ de Concepción / Facultad de Ciencias Ambientales
Eula; J. Celis, Univ de Concepción / Facultad de Ciencias Veterinarias; D.
González-Acuña, Univ de Concepción / Departamento de Ciencias Pecuarias
Facultad de Ciencias Veterinarias; S. Jara, Univ de Concepción / Facultad de
Ciencias Ambientales; R. Barra, Univ of Concepcion / Facultad de Ciencias
Ambientales EULA Chile Centre; M.S. Sepulveda, Purdue Univ / Dept of
Forestry and Natural Resources
Gulls are birds that are present in most aquatic and terrestrial ecosystems. These birds are excellent bio-indicators of anthropogenic pollution,
because they are opportunistic, omnivores and coexist with the man.
They are particularly important to assess the ecosystem´s health and can
reflect the environmental levels of pollutants. Cadmium is a non-essential trace element, but can be toxic depending on dosage and because
this metal can be biomagnified through the trophic chain. We reviewed
the Cd levels (dry weight) in different species of gulls, focused on the
biological matrix analyzed and the geographical location. The highest
Cd concentrations were reported in Larus hyperboreus (14.4 ± 19.94 µg/g,
n=250), whereas the lowest levels were in Larus melanocephalus (0.003
µg/g, n=15). The highest Cd concentrations were reported in kidney
(23.29 ± 24.18 µg/g, n=231), and the lowest were found in eggs (0.07 ±
0.13 µg/g, n=544). With regard to the geographic location, the highest
Cd concentrations were reported from the Northern Hemisphere (2.84
± 10.13 µg/g, n= 2472) and in the lowest Cd levels from the Southern
Hemisphere (0.63 ± 2.12 µg/g, n= 197). Considering all the matrices
together, the following relations among Zn levels were observed: kidney
> pancreas > stomach > gonads > excreta > liver > lung > intestine > gallbladder > skin > eyeball > salt gland > muscle > brain > heart > uropygial
gland > bones > feathers > stomach contents > blood > subcutaneous
fat > eggs. These findings suggest that kidneys do reflect the actual
levels of Cd exposure in gulls since kidney represents a major site of Cd
accumulation. Kidney can be a good biological matrix for studying Cd
bioaccumulation and its effects on gulls. Since most of the data at global
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scale are from the Northern Hemisphere, more studies are needed on
gulls from the Southern Hemisphere. Standardized methodology for Cd
detection in biological matrices is quite needed in order to compare more
accurately data at global scale. Acknowledgements: Winfred E. Espejo
is a scholarship supported by CONICYT-Chile for PhD studies. This
study was funded by project FONDECYT-Chile 1140466 granted to R.
Barra and FONDECYT 1140164.
MP225 Characterizing contaminant exposure of mountain plovers on
wintering grounds in California and breeding grounds in Colorado,
Wyoming, and Montana
K.K. Dickerson, K.J. Nelson, C.Q. Zeeman, US Fish and Wildlife Service /
Environmental Contaminants Program
Mountain plover (Charadrius montanus) nest in shortgrass prairie and
shrub-steppe landscapes in Montana, Wyoming, Colorado, and New
Mexico. The birds winter in California, Arizona, Texas, and Mexico.
Conversion of the plovers’ native habitat to agricultural lands has
resulted in these birds using farmlands for feeding exposing them to
associated contaminants. To evaluate exposure, we collected soil, food
items, and plover eggs. Some elevated levels of inorganic elements were
found in soil and insect food items at wintering and breeding sites but
none was elevated in eggs. Organic contaminants in soil and insects
collected from breeding grounds were very low; but several were elevated
in samples from the wintering grounds. These same contaminants were
also elevated in eggs. Residues of DDT, DDD, and DDE were detected
in virtually all of the soil samples from wintering grounds. Total DDT
ranged from slightly below to more than ten-times above the Ecological
Soil Screening Level of 22 ng/g dry weight (dw) for protection of avian
species. DDE was detected in all invertebrate samples (between 0.5-5.0
times the concentration in corresponding soil samples) with total DDT
concentrations higher in insects than co-located soil samples. DDE was
detected in all eggs collected from breeding sites in 2006., ranging from
5 ng/g-5,400 ng/g wet weight (ww) in MT (n=7), 10-930 ng/g ww in
WY (n=7), and 11.0-11,500 ng/g ww in CO (n=5). Two eggs from MT
had DDE concentrations (3,000 and 5,400 ng/g ww) that were at least as
high as those found to adversely affect productivity in pelicans. Two eggs
from CO were near this concentration (2,700 and 2,900 ng/g ww) with
an additional egg having a concentration (11,500 ng/g ww) approaching that known to affect bald eagle reproduction. In 2007, eggs were
collected from breeding sites in CO and WY. All eggs had detectable
levels of p,p’-DDE (range=35–51,200 ng/g ww, n=6) with the highest
egg concentration from CO. In 2008, two eggs (n=8) from Montana had
very high DDT levels (47,500 ng/g ww and 53,200 ng/g ww). Analysis
of archived plover eggs (n=13) showed DDT in three eggs and DDE in
all eggs ranging from 192 ng/g dw-292,000 ng/g dw. This study provides
information on the contaminant exposure of developing embryos and
nestlings prior to their migration to the presumed more contaminated
wintering grounds, although, we did not specifically investigate nest success or embryo survival.
MP226 Declines in Butterflies and Insectivorous Birds in Areas of
High Pesticide Use in California’s Central Valley
R. Meese, Univ of California / Environmental Science Policy; B.F. Cousens,
Western Purple Martin Foundation; M.L. Hladik, USGS / California
Water Science Center; J. Orlando, USGS; H.E. van Vliet, York Univ; A.M.
Shapiro, UC Davis / Evolution and Ecology; M. Forister, Univ of Nevada,
Reno; J. Thorne, Univ of Califorina Davis / Environmental Science and
Policy; D. Waetjen, Univ of California Davis; K. Anderson, Colorado State
Univ; D. Airola, Northwest Hydraulic Consultants
A diverse group of butterflies and two colonial insectivorous bird species
have recently declined dramatically in California’s Central Valley. Valley
butterfly populations monitored over a 42-year period show declines
across a broad array of species, while populations outside of agricultural
areas show no consistent declines. The Central Valley’s last population of
the western Purple Martin (Progne subis arboricola), an aerial insectivore,
occurs in urban Sacramento. The population remained stable and showed
signs of increasing through the 1990s and into the early 2000s, but has
since declined by 83%. The near-endemic, colonial-nesting Tricolored

Blackbird (Agelaius tricolor) was once widespread and abundant in
Central Valley wetlands and some agricultural habitats but has declined
by 63% between 2008 and 2014. We contrast the recent Central Valley
pattern with data from adjacent foothill populations, where pesticide
use is minimal, to show that foothill populations have not declined. The
declines in these taxa are prominent in areas with documented increases
in the use of neonicotinoid pesticides, specifically in urban and agricultural areas in the Central Valley, in the last decade. These relationships
are consistent with the possibility that pesticide use (along with development and a shifting climate) is affecting insects and indirectly affecting
Purple Martins and Tricolored Blackbirds by reducing their insect food
supplies. More intensive study is needed to quantify the effects of insecticides on non-target species of insects and possible food chain effects on
insectivorous bird species.
MP227 Distribution of metals in tissues of a potentially threatened
and nearshore population of Australian humpback dolphins (Sousa
sahulensis)
L. Weijs, Entox / Health and Behavioural Sciences; C.A. Villa, Univ of
Queensland / National Research Centre for Environmental Toxicology
Entox; K. Dunn-Johnston, S. Vijayasarathy, The Univ of Queensland; J.J.
Meager, Queensland Government / Dept of Environment and Heritage
Protection; C. Gaus, National Res. Centre for Environmental Toxicology /
Public Health Dept
Australian humpback dolphins (Sousa sahulensis) are a small delphinid
species that occur in nearshore and estuarine habitats in north Australia.
This species has long been classified as the Indo-Pacific humpback
dolphin (Sousa chinensis), but was in 2014 formally identified as a separate
species. Local populations in Queensland are considered to be vulnerable
to declining numbers or localised extinction because of small population sizes, low population growth rates, high site fidelity and geographic
isolation. In recent years, elevated mortality rates have been observed
in southeast Queensland (Moreton Bay region). Studies have shown
toxic impacts of several metals on the health of various marine mammal
species such as harbour seals and bottlenose dolphins. These potential adverse effects, combined with the nearshore habitat of humpback
dolphins and the lack of toxicological information for these animals,
have triggered a renewed interest in the humpback dolphins in southeast
Queensland. In total, 19 different elements (Cr, Mn, Fe, Co, Ni, Cu, Zn,
As, Se, Mo, Ag, Cd, Sn, Sb, Ba, Tl, Pb, Th, U) were investigated in skin
of five humpback dolphins from the Moreton Bay area that were found
stranded between 2002 and 2014. Where samples were available, the
same elements were also measured in matched blubber (n = 4), muscle (n
= 4), liver (n = 1) and kidney (n = 1) samples. Levels of Ag and Th in skin
were below the method detection limit (MDL) in all skin samples analysed, whereas levels of Ni, Mo, Cd, Sn, Sb, Tl and U were only detected
in less than 50% of all samples (skin, liver, kidney, blubber). The highest
level of As (2,794 ng g-1 ww), measured in blubber of an adult male
humpback dolphin stranded in 2013, is comparable to one of the highest
concentrations ever reported in marine mammal fat. Another dolphin
contained elevated levels of U in skin (67 ng g-1 ww). However, levels of
these and other elements were highly variable across the five specimens
available for this study. For the animal where skin, blubber, muscle, liver
and kidney samples were available, the levels of Mn, Fe, Co, Cu, Se, Mo,
Ag, Cd, Sn and Pb were highest in the liver, Cr and Zn were highest in
the skin and As was highest in the blubber. Overall, these results suggest
metal exposure would warrant further investigation in these dolphin species, which may be particularly vulnerable when foraging in areas close to
urban, industrial and agricultural activities.
MP228 Ecological Preliminary Remediation Goals for Soils at the
Los Alamos National Laboratory
R.T. Ryti, G. McDermott, Neptune and Company Inc
Approximately 10 years ago Los Alamos National Laboratory (LANL)
developed an approach for calculating ecological soil preliminary remediation goals (EcoPRGs) for wildlife. This initial approach was based on
LANL’s protocol for screening level ecological risk assessment, except that
impacts on plants or soil invertebrates were not assessed quantitatively
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with these original EcoPRGs. Aspects of the ecological screening assessment were modified so that more representative toxicity and exposure
parameters replaced the protective assumptions used in calculating
screening levels. For example, exposure estimates for wildlife receptors
were modified based on representative area-use factors and site-specific
data. Updates to these EcoPRGs are possible because new information
regarding toxicity and bioavailability to wildlife, plants, and soil invertebrates is available. This presentation focuses on refinements to the LANL
EcoPRGs such that they are directly protective of impacts on plants and
soil invertebrates. These updated EcoPRGs reflect ecotoxicity literature
and site-specific studies that are relevant to the LANL environment.
These EcoPRGs are based on lowest adverse effect levels for most species.
Refinements also include application of population area use factors for
middle trophic level and carnivore wildlife. For threatened and endangered species, more protective exposure assumptions are made including
toxicity reference values based on no effect levels and area use based on
the home range. Calculation of wildlife EcoPRGs requires information
on the size of the contaminated area. For small sites (less than 1 ha) the
limiting receptor is generally the plant or soil invertebrate, but for large
contaminated sites (10 ha or more) one of the middle trophic level wildlife
receptors is typically the limiting receptor. Once the EcoPRGs have been
calculated for a particular site then risk management considerations such
as background concentrations, additional site-specific studies, or the
potential impact of the remedy on the environment are considered. This
abstract is publication LA-UR-15-23307 of the Los Alamos National
Laboratory and has been cleared for unlimited release.
MP229 Effect of cadmium bioavailability in food on its compartmentalization in carabids
A. Bednarska, Jagiellonian Univ / Inst of Environmental Sciences; Z.M.
Swiatek, Inst of Environmental Sciences, Jagiellonian Univ / Inst of
Environmental Sciences; K. Paciorek, N. Kubińska, Jagiellonian Univ / Inst
of Environmental Sciences
Metals assimilated by organisms are sequestered in various compartments
and some forms are more stable than other. Sequestration mechanisms
used by invertebrates to detoxify metals and prevent interaction with
important biomolecules include metal binding to proteins and other
ligands, and storage in inorganic granules. Different time may be needed
to initiate specific physiological processes of metal regulation in an
organism, which may additionally change over the exposure period.
Moreover, the rate and extent at which metal concentrations in different
fractions respond to metal concentrations in food and food characteristic
has not received much attention, despite being of great relevance. We
performed an experiment on the carabid beetle Pterostichus oblongopunctatus exposed to cadmium via food made of ground mealworm (Tenebrio
molitor) larvae either reared on Cd contaminated medium or artificially
spiked after grinding with CdCl2 solution. Thus, in both cases we used
the same type of food, presumably differing only in the soluble cadmium
pool available to predators, represented by P. oblongopunctatus. Subcellular
compartmentalization of cadmium into organelles, heat-sensitive and
heat-stable proteins (the first supernatant, S1 fraction), cellular debris (the
second supernatant, S2 fraction) and metal-rich granules (G fraction)
was checked a few times during contamination (90 days) and decontamination (25 days) phases in toxicokinetic experiment by using different
centrifugation steps. The preliminary results showed no effect of the type
of food (naturally vs. artificially contaminated with Cd) on Cd sequestration in P. oblongopunctatus. The amount of Cd in all fractions was similar,
but the pattern of Cd accumulation changed over the exposure period.
The results will be presented and discussed in the context of possible
transfer of Cd along trophic chains. The project was financed by the
Foundation for Polish Science project HOMING PLUS (No HOMING
PLUS/2013-8/1).
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MP230 Estimation of the tissue levels of amitraz in treated
West African Dwarf Sheep using thin layer chromatography and
spectrophotometry
S. Anika, Faculty of Veterinary Medicine; V.U. Omoja, Univ of Nigeria
Nsukka / Faculty of Veterinary Medicine; U.I. Asuzu, Federal Univ of OyoEkiti, Ekiti State, Nigeria / Office of the ViceChancellor
This research determined the levels of amitraz in the skin, liver, muscles
and kidneys in amitraz - treated West African Dwarf Sheep assigned
into four groups treated on days 1 and 10 with group A (12.5 mg/ml),
group B (2.5 mg/ml) and C (0.5 mg/ml) amitraz and 10 ml/kg water for
group D dermally were used for the stduy. A method was developed for
qualitative and quantitative determination of amitraz residues in tissue
using thin layer chromotography, TLC and spectrophotometry. Amitraz
residues were estimated on days 7, 14 and 21 after treatment in groups
A, B and C while group D served as the blank. The linearity equation obtained for determination of amitraz in tissue was Y = 0.0002X +
0.0012 at 360 nm (where Y equals absorbance and X the concentration
in ug/mL 0. Seven days after treatment, there was a dose dependent
increase (p< 0.05) in the level of amitraz among the different groups with
sheep in group A having the highest level followed by that in group B.
the amitraz levels in the kidneys and muscles of sheep in group C was
lower (p< 0.05) than those of groups A and B, and this trend was equally
observed on day 14 and 21 after treatment.
MP231 GLMs, CCAs, and SEMs, Oh My! How Using Advanced
Statistical Techniques May Improve Your Ecotoxicological Research
N. Michel, Univ of Saskatchewan / Dept of Animal and Poultry Science
Recent growth in computing power combined with development of
statistical software packages (e.g., SAS, WinBUGS, CART) and opensource environments (e.g., The R Project) have facilitated rapid advances
in data analysis techniques. Concurrent technological advances have
given ecotoxicologists access to ever-larger data sets with highly precise
chemical concentration estimates and a wide array of environmental
covariates measured or remotely sensed on scales ranging from local to
global. These large and complex data sets call for the use of advanced
statistical techniques that can accommodate common statistical problems
(e.g., lack of independence in samples, multiple often collinear predictors) and that can evaluate community responses to environmental
gradients. However there is a broad gulf between the statisticians who
develop software and techniques and the ecotoxicologists who seek to
use them, hampered further by the lack of a common language. Here I
will review commonly used data structures and statistical techniques in
ecotoxicology, present alternative analytical methods that improve upon
existing methodology, and provide links to available learning resources.
A review of recent papers in Environmental Toxicology and Chemistry
found that 55% of studies used analyses of variance and/or covariance,
31% used linear or nonlinear regression, 24% used t-tests, 7% used
principal components analysis, and 7% used no statistical methods at
all, while only 17% used general or generalized linear or additive models
with or without random effects. Linear and additive models provide
flexibility not available with ANOVAs, t-tests, and regressions. They
model data fitting a variety of distributions, explicitly account for sources
of non-independence (e.g., repeated samples of the same individual or
group), and accommodate heterogeneity in variances between groups.
Constrained ordination techniques such as canonical correspondence
analysis facilitate analyses of directed community responses to environmental gradients. I will also present machine-learning techniques such
as boosted regression trees that accommodate multiple and often collinear predictor variables, and structural equation modeling that allows
ecotoxicologists to identify causal pathways between contaminants and
ecological responses. Adding such techniques to your analytical toolbox
may greatly improve your ability to discern relationships between toxicology and the environment.
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MP232 Landscape Analysis of Metals, Radionuclides and Chemicals
in Western Bluebird (Sialia Mexicana) Eggs around Los Alamos
National Laboratory
S.M. Gaukler, Los Alamos National Laboratory / Environmental
Stewardship Services; J.M. Fair, Los Alamos National Laboratory /
Emerging Threats; C.D. Hathcock, Los Alamos National Laboratory
/ Environmental Stewardship Services; K.L. Colestock, Transcon
Environmental; A.C. Jacobs, Allegheny College / Dept of Biology
Los Alamos National Laboratory (LANL) began in 1943 as a nuclear
weapons research lab and is now a multidisciplinary research and
development institution; such activities at LANL have generated mixed
levels of radioactive and non-radioactive hazardous materials. In 1997, an
avian nest-box monitoring program was established at LANL and surrounding area. Today, this network consists of >600 nest boxes that have
been distributed over areas that are either affected by historic releases
of wastes from LANL operations, or remain unimpacted. These nest
boxes provide nesting sites to several secondary-cavity nesting species
and most commonly, to the western bluebird (Sialia mexicana). Over the
years, non-viable eggs have been collected and many of these have been
evaluated for a number of constituents including metals, radionuclides,
polychlorinated biphenyls (PCBs), polycyclic aromatic hydrocarbons
(PAH), organochlorines and other chemicals. These data will reveal spatial and temporal trends of these constituents, identify areas of concern
and will determine if these levels differ from reference sites. The levels
of constituents observed in this study will also be compared to lowest
observable adverse effect levels to provide ecological insight to the western bluebird population that occurs around LANL.
MP233 Pesticides in Shorebird Eggs Collected from National
Wildlife Refuges in Oregon and Washington
K.M. Kuivila, USGS / Oregon Water Science Center; C. Eagles-Smith,
FRESC; M.L. Hladik, USGS / California Water Science Center
Shorebirds breeding in wildlife refuges in the western US can be exposed
to current-use and legacy pesticides from surrounding agricultural fields
and water bodies, which may result in toxicological risk to reproduction. Shorebird eggs were collected from active nesting sites at Hanford,
Umatilla, and Malheur National Wildlife Refuges in Washington and
Oregon, USA. Pesticide use, both current and historical, on the refuge
and surrounding landscape varied among the three locations. The three
shorebird species sampled (Long-billed Curlews, American Avocets, and
Black-necked Stilts) have different diets and life histories that may also
influence pesticide exposure. In particular, curlews nest and forage in
the surrounding agricultural fields, whereas the other two species nest
in marshes that often are adjacent to agricultural fields. Embryo age was
estimated in the field using the egg floating technique and length, breadth
and weight of each egg was measured. Contents of the eggs were removed
and stored at −20°C until freeze-dried. For pesticide analysis, samples
were extracted with a mixture of acetonitrile, hexane, water and salt. The
acetonitrile layer was removed and cleaned up with 300 mg Z-sep+ and
900 mg of magnesium sulfate. The extract was split into two fractions for
analysis: one fraction (still in acetonitrile) by LC/MS/MS and the other
(solvent-replaced into ethyl acetate) by GC/MS/MS. In total, the eggs
were analyzed for over 100 current-use and legacy pesticides and metabolites. This diversity of life histories (terrestrial vs. aquatic) among species
may result in differences in egg-residue concentrations and help resource
managers better understand casual linkages between pesticide use, residuals retained on terrestrial landscapes, and residuals processed through the
aquatic food web. Future work will assess potential effects of pesticides on
reproduction in shorebirds and other avian species.
MP234 Preliminary environmental fate data for a sprayable RNAbased Biocontrol to control Colorado potato beetle
K. Thomas, C. Dougan, M. Jessop, Syngenta; S.J. Marshall, Syngenta
Ltd / Product Safety; S. Hadfield, Syngenta Ltd / Product Metabolism; K.
Richardson, Syngenta Ltd; N. Peranginangin, Syngenta Crop Protection,
LLC / Product Safety

Prior to definitive testing for product registration, active ingredients
being considered for further development and commercialization are
evaluated to select those that are both efficacious and have a favourable
environmental safety profile. Data development is based on a problem
formulation where plausible and relevant exposure scenarios are identified and evaluated to develop a robust environmental risk assessment.
This approach has been applied to a new sprayable RNA-based biocontrol targeting Colorado potato beetles (Leptinotarsa decemlineata; CPB).
Soil and water compartments represent potential environmental exposure
routes and therefore the biodegradation potential of the active ingredient
(dsRNA) in soil and water was examined. A Quantigene© (Affymetrix)
based assay was used to measure the dsRNA. This methodology employs
the binding of a multiple oligonucleotide probe set designed with
specificity for the product RNA construct and thereby provides both a
quantitative and highly specific assay. Development of the assay methodology and extraction protocols has enabled confirmation that the applied
dsRNA residues will not persist in soil or water.
MP235 Preliminary screening data for a sprayable RNA-based
biocontrol for Colorado potato beetle informs environmental risk
assessment
A. Burns, Syngenta; J. Overmyer, Syngenta Crop Protection, LLC.
/ Environmental Safety; A. Rindlisbacher, Syngenta Crop Protection
Muenchwilen AG
Prior to definitive hazard testing for product registration, active ingredients being considered for further development and commercialization
are screened to select those that are both efficacious to the target species
and have a favorable environmental safety profile. This approach has
been applied to a new RNA-based biocontrol targeting Colorado potato
beetles (Leptinotarsa decemlineata; CPB); RNA-based biocontrols can be
designed to be selective for target pests while minimizing the potential
for effects in nontarget organisms. Under laboratory conditions, various
species (10+) spanning at least five taxonomic orders were exposed to
double stranded RNA (dsRNA) via diet, contact, or both routes and
monitored for potential adverse effects in survival and in some cases
sub-lethal endpoints. These screening data support the hypothesis that
the RNA-based biocontrol is selective to target pests while minimizing
potential effects in nontarget species.
MP236 Retrospective Analysis of the Passerine Acute Oral Toxicity
Data Requirement of the USEPA
E. Arnold, USEPA / Office of Pesticide Programs Environmental Fate and
Effects Division; M. Radtke, USEPA / Environmental Fate and Effects
Division
The United States Environmental Protection Agency (USEPA) began
requiring an acute oral toxicity study conducted with a passerine bird
species in 2007 for conventional pesticides registered for outdoor use.
The requirement was established because passerine birds, which make
up the majority of birds in North America, are biologically distinct (e.g.,
size, physiology, behavior, regurgitation) from the other avian species.
This distinction could make passerine birds more sensitive than other
common test species such as waterfowl (e.g., mallard duck) and upland
game birds (e.g., bobwhite quail). The data requirement was intended to
address the concern that using non-passerine species as surrogate species
may not be protective of the majority of North American birds. The passerine retrospective project will include an analysis of how often effects,
including regurgitation (which is not usually encountered in non-Passeriformes), were seen in passerine studies when no effects were observed in
the mallard duck and bobwhite quail studies. Secondly, the project will
explore the concern that studies on waterfowl and upland game species
may not be protective of Passeriformes. A comparison of toxicity endpoints scaled to a common body weight across multiple chemicals will
be performed to help evaluate the sensitivity of passerine birds relative
to other standard test species such as bobwhite quail and mallard ducks.
Approximately 80 acute studies on passerine species will be considered
in the analysis. The results of the analysis may clarify circumstances in
which passerine data are critical for ecological risk assessment.
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MP237 Use of a Web-Based Interactive Database for Developing
Protective Concentration Levels for Wildlife
B.S. Yates, Dept of Environmental Science; N. Guo, B. Heim, West Texas
A&M Univ / Dept of Life Earth and Environmental Sciences; L.F.
Champagne, TX Commission on Environmental Quality / Remediation
Division; W.J. Rogers, West Texas A&M Univ / Life Earth and
Environmental Sciences
This research is the result of a ten-year collaborative effort between
West Texas A&M University (WTAMU) and the Texas Commission
on Environmental Quality (TCEQ ) to develop a novel interactive
web-based toxicological database capable of generating protective
concentration levels (PCLs) for ecological receptors in diverse habitats
of the southern United States. The database currently has the potential
to generate protective concentration levels (PCLs) for over 80 wildlife
species and 100 potential contaminants of concern (PCOCs) ranging
from heavy metals and PAHs to dioxins, furans and contaminants of
emerging concern. For each PCOC an exhaustive fate, transport and
toxicity report was developed which includes acute and chronic toxicity
reference values from the USEPA and Oak Ridge National Laboratory.
Bioaccumulation factors and models for invertebrates, plants, small
mammals and fish were developed using empirical and mechanistic
datasets from the USEPA Ecological Soil Screening Levels, USACE
Biota-Sediment Accumulation Factor Database and other literature
sources, as appropriate. The TRVs, along with the other data gathered were used to develop NOAEL/LOAEL-bounded PCLs for each
PCOC/receptor pair. This interactive database can generate over 10,000
PCLs for growth, reproduction, and mortality for seven habitats, resulting in a total of over 31,000 PCLs. The tool allows the user to replace
default bioaccumulation factors and models with site-specific data to
produce site-specific PCLs. The ability to generate species-specific
PCLs for entire ecosystems allows the user to generate site-specific terrestrial species sensitivity distributions, which can be an important tool
in the weight-of-evidence analysis. WTAMU will be adding mapping
capabilities to delineate PCOC plumes to the acute and chronic PCLs to
prioritize areas for remediation. The application of a centralized interactive model with pre-defined inputs significantly improves the efficiency
of risk assessment preparation and review, allowing more resources to be
devoted to risk management, remediation and restoration.
MP238 Utility of Bioassays comparing the biological activity of an
active ingredient and its metabolites
B. Sharma, FMC Corp Global Regulatory Sciences; G. Chahal, F. D’amico,
FMC Corp; S. Shinn, FMC Corporation; T.S. Kung, FMC Corp Global
Regulatory Sciences / Dept of Biochemistry and Microbiology; G.C. Mitchell,
FMC Corporation
Utility of Bioassays comparing the biological activity of an active
ingredient and its metabolites Bibek Sharma, Gurinderbir Chahal,
Frank D’amico, Sandra Shinn, Tiffany Kung and Gary Mitchell FMC
Agricultural Solutions, 701Princeton South Corp Ctr, Ewing, NJ
08886 Bioassays to compare the biological activity of an active technical ingredient and its metabolites are becoming more common for
agrochemicals. Relevance testing of metabolites for groundwater contamination in Europe is gaining traction. As per European Regulation
(SANCO/221/2000), if a metabolite is suspected to be detected in
ground water in excess of 0.1 ppb, the first stage of hazard assessment
is to determine relevancy with respect to the biological activity of the
parent. A metabolite could be considered non-relevant if the biological
activity is less than 50% the activity of the parent molecule and hence
should not pose a threat if present in the groundwater in amounts mentioned previously. In a series of studies, we tested the biological activity
of an herbicide and several of its metabolites using a vegetative vigor of
non target plants based on OECD 227 guidelines. Overall, the vegetative vigor testing design proved to be a sensitive study to determine the
biological activity of the metabolites in relation to the parent compound.
All metabolites tested had biological activities of less than 50% of the
parent compound (ER50) and were concluded to have no impact on the
groundwater contamination.
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MP239 Zinc in gulls: A Review of published data
W.E. Espejo, Univ de Concepción / Facultad de Ciencias Ambientales
Eula; J. Celis, Univ de Concepción / Facultad de Ciencias Veterinarias; D.
González-Acuña, Univ de Concepción / Departamento de Ciencias Pecuarias
Facultad de Ciencias Veterinarias; S. Jara, Univ de Concepción / Facultad de
Ciencias Ambientales; R. Barra, Univ of Concepcion / Facultad de Ciencias
Ambientales EULA Chile Centre; M.S. Sepulveda, Purdue Univ / Dept of
Forestry and Natural Resources
Gulls are birds that are present in most aquatic and terrestrial ecosystems. These birds are excellent bio-indicators of anthropogenic pollution,
because they are opportunistic, omnivores and coexist with the man.
They are particularly important to assess the ecosystem´s health and can
reflect the environmental levels of pollutants. Zinc is an essential trace
element which can become toxic depending on dosage. We reviewed
the Zn levels (dry weight) in different species of gulls, focused on the
biological matrix analyzed and geographical location. The highest Zn
concentrations were reported in Larus pipixcan (149.5 ± 102.77 µg/g,
n=10), whereas the lowest levels were found in Larus genei (9.27 µg/g,
n=18). The highest Zn concentrations were reported in excreta(305.1
µg/g, n=13), and the lowest in blood (2.81 ± 0.13 µg/g, n=195).With
regard to the geographic location, the highest Zn concentrations were
reported from the Northern Hemisphere (72.1 ± 55 µg/g, n= 1467) and
the lowest Zn levels from the Southern Hemisphere (50.91 ± 19.25 µg/g,
n= 48). Considering all the matrices together, the following relations
among Zn levels were observed: excreta > stomach > pancreas > eyeball
> stomach contents > intestine > bones > skin > kidney > feathers > liver
> gonads > heart > muscle > brain > lung > eggs > uropygial gland >
salt gland > gallbladder > subcutaneous fat > blood. High Zn levels in
excreta may correspond to detoxification processes. The gull excreta can
be a excellent biological matrix for monitoring Zn in different ecosystems. Since most of the data at global scale are from the Northern
Hemisphere, more studies on gulls from the Southern Hemisphere are
urged. Standardized methodology for Zn detection in biological matrices
is quite needed in order to compare more accurately data at global scale.
Acknowledgements: Winfred E. Espejo is a scholarship supported by
CONICYT-Chile for PhD studies. This study was funded by project
FONDECYT -Chile 1140466 granted to R. Barra.
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Birds as Indicators of Ecosystem Health:
Investigations of Molecular to Population
Level Effects of Contaminant Exposure
TP001 Understanding Organophosphate Flame Retardant In Vitro
Metabolism in Herring Gulls (Larus argentatus) Using MichaelisMenton Enzyme Kinetic Parameters
A.K. Greaves, Carleton Univ / Chemistry; G. Su, R.J. Letcher, Environment
Canada / Ecotoxicology and Wildlife Health Division
Organophosphate flame retardants (OPFRs) have been in use for
decades, though their usage in recent years has increased substantially with the phase-out of polybrominated diphenyl ethers (PBDEs).
Multiple studies have identified their levels in drinking water, surface
water, and air, though few studies have reported their concentrations
in biota. Recently, we reported the accumulation and distribution of
OPFR triesters in six body compartments of female herring gulls (Larus
argentatus) from Lake Huron, North America. ΣOPFR concentrations
were highest in fat, and not detected in liver, suggesting rapid metabolism. Limited studies have shown that OPFR triesters can degrade in
biota, though there is still a dearth of information regarding metabolism
and the enzyme kinetics responsible for their metabolism. A recent study
by Chu et al. showed that the degradation of tris(1,3-dichloro-2-propyl)
phosphate (TDCIPP) was rapid and complete in hepatic microsomes
isolated from Wistar-Han rats. In the present study hepatic microsomes,
isolated from female herring gulls (Larus argentatus) from Lake Huron,
were exposed to a wide range of dosing concentrations (0.01 µM – 10
µM) of six OPFR triesters of interest: tris(1,3-dichloro-2-propyl)
phosphate (TDCIPP), triphenyl phosphate (TPHP), tris(2-butoxyethyl)
phosphate (TBOEP), tri-n-butyl phosphate (TNBP), tris(2-chloroisopropyl) phosphate (TCIPP), and triethyl phosphate (TEP). The
depletion of these six OPFRs was monitored over two minutes to determine their initial rates of depletion. Lineweaver-Burk plots were used to
identify Michaelis-Menton enzyme kinetic parameters, in particular the
maximum enzymatic reaction rate (Vmax), and the Michaelis constant
(K M). No degradation was observed for TEP. For the remaining five
compounds, Vmax values ranged from 0.005 µM/min (TPHP) to 0.012
µM/min (TNBP). Similarly, Michaelis constants (K M) ranged from
0.05 µM (TPHP) to 0.12 µM (TNBP). These low K M values confirm
that hepatic enzymes have a very high affinity for OPFRs although it is
still not known what their major metabolic products are in the body, or
which specific hepatic enzymes are responsible for the degradation of
OPFR triesters.
TP002 Assessment of metabolism and effects of in ovo exposure to a
brominated flame retardant, TBBPA-BDBPE, in zebra finches
M.L. Eng, T. Williams, Simon Fraser Univ; R.J. Letcher, Environment
Canada / Ecotoxicology and Wildlife Health Division; J.E. Elliott,
Environment Canada / Science Technology Branch
Tetrabromobisphenol A bis(2,3-dibromopropyl) ether (TBBPA-BDBPE;
CAS# 21850-44-2) is an additive flame retardant and possible replacement for decaBDE. It has been detected in biota in Canada and China,
and is considered a priority for assessment under Canada’s Chemicals
Management Plan; however, very little is known of its effects in birds.
We assessed the embryonic metabolism and effects of TBBPA-BDBPE
in a model songbird species, the zebra finch (Taeniopygia guttata) using
egg injections. To assess embryonic metabolism, eggs were injected on
the day they were laid with the vehicle control (safflower oil) or 100 ng
TBBPA-BDBPE/g egg, and whole egg contents were collected on day 0
(unincubated), 5, 10 and 13 of incubation (n = 5 per dose per time point).
Collected samples were homogenized and analyzed for TBBPA-BDBPE
and possible metabolites using UPLC-APPI(-)-tandem quadrupole MS.
For the study of inherent toxicity, eggs were left uninjected, or were
injected into the albumin at Hamburger-Hamilton stage 18 (~80 hours
after initiation of incubation) with safflower oil only, 10, 50 or 100 ng
TBBPA-BDBPE/g egg. Eggs were monitored for hatching success, and
nestlings were monitored for growth and survival. At 15 days post-hatch

tissues were collected to assess physiological effects. A total of 139 eggs
were injected, and no overt effects of TBBPA-BDBPE dose on hatching
success were observed. Results physiological measures and embryonic
metabolism will also be presented.
TP003 Investigating the Variability of Avian Exposure to Selenium
Concentrations Found in Aquatic Ecosystems
A. Jarvis, ORISE / Health and Ecological Criteria Division; K. Gallagher,
J.R. Beaman, USEPA / Office of Water
Decades of research have suggested that aquatic-dependent bird species
are exposed to selenium concentrations in the environment that may cause
population level effects (Eisler 1985). The input and cycling of selenium
are dependent on the geography and biogeochemical processes of a particular ecosystem. Its release into the aquatic environment is most commonly
associated with phosphate-rich beds (e.g., of the Pacific Northwest), alkaline soils (e.g., of the Great Plains), and coal-mining areas (Lemly et al.
1993; Presser et al. 2004). Due to the bioaccumulative nature of selenium,
migratory and resident birds inhabiting aquatic ecosystems with elevated
selenium concentrations may be at risk of population level effects, which
include decreased hatchability, egg weight and production, and increased
congenital deformities (Eisler 1985; Lemly 1997). Migratory behaviors, such as gorge feeding, altered physiological characteristics, and the
range of foraging/stopover sites may influence the bioaccumulation and
toxicity of selenium to aquatic-dependent bird species along the Atlantic,
Mississippi, and Pacific flyways (Klaassen et al. 2012). To characterize the
vulnerability of resident and migratory bird populations within the US,
the USEPA is investigating: (1) the differences in the effects and bioaccumulation of selenium between migratory and resident birds and (2)
how seasonal variability in selenium exposure associated with migration
influences population level effects in bird species.
TP004 Monitoring Avian Blood Lead Levels to Determine the
Effectiveness of Remedy on the Anaconda Smelter Superfund Site
K.J. Nelson, US Fish and Wildlife Service / Environmental Contaminants
Program; D.R. Rouse, S.L. Skipper, US Fish and Wildlife Service
The Dutchman Creek High Arsenic Area of the Anaconda Regional
Water, Waste and Soils Operable Unit of the Anaconda Smelter
Superfund Site, Montana was contaminated by smelter emissions and
fluvial and dust transport of waste from past smelting operations. This
contamination resulted in over 3,000 acres of land that contain surficial
soil that may pose an unacceptable risk to migratory birds utilizing the
Dutchman Area. The EPA selected remedy for contaminated soils for
this site was establishment of vegetation. Because the Dutchman was
already vegetated, no further remedial actions were considered for the
site. In 2014 a biological monitoring program on the Dutchman was
implemented to determine the effectiveness of the remedy. The purpose
of this study was to determine if birds that utilize the Dutchman Area
are exposed, through diet and incidental soil ingestion, to lead (Pb)
found in sediments and soils. The exposure was assessed through chemical analyses of samples collected on site including: whole blood from a
representative songbird (Savannah sparrow) and waterfowl (mallard)
species; avian prey items (soil and sediment associated invertebrates);
and sediment and soil sampled in areas of targeted avian species use. A
hazard quotient (HQ ) (the ratio of a receptor’s measured exposure to a
toxicity benchmark) was used to determine risk relevant to measures of
population sustainability (e.g., mortality, growth, reproduction). If the
value of the HQ exceeds 1, the risk of adverse effects to the receptor may
be of concern. Benchmarks selected for this investigation were a blood
Pb NOAEL (29 µg/dL) and LOAEL (58 µg/dL) that correlated with
indicators of anemia, growth, lead-specific nephrotoxicity and general
body condition. As a second line of evidence, site-collected soil, sediment
and invertebrate data were used to model exposure of Savannah sparrows and mallards to a chemical by ingestion of environmental media.
Data showed that current soil and sediment Pb concentrations were
lower than results of samples collected in 2000 and 2002. Additionally,
most soil and sediment samples collected in 2014 were below 650 ppm
Pb. Similarly, most blood Pb samples concentrations in mallards and
Savannah sparrows were below 29 µg/dL.
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TP005 A case study of trophic level effects on environmental contaminants monitoring: Lesser Flamingo and African Fish Eagle in
South Africa
H.T. Pittman, Univ of Maryland / Dept of Environmental Science and
Technology; L.J. Moore, School of Agriculture Forest and Environmental
Sciences; L. Fuentes, Univ of Maryland / Dept of Environmental Science
and Technology; M.D. Anderson, Madison Metropolitan Sewerage District;
P. Hohne, HOH Surveys; W. Neser, VulPro; M.R. Wierda, Univ of Arizona;
W.W. Bowerman, Univ of Maryland / Dept of Environmental Science and
Technology
Monitoring of environmental contaminants in regions of the world that
are still developing infrastructure to support their growing human populations is essential to prevent ecological disasters. Without monitoring
and proper regulation, ecological disasters like those observed in North
America and Europe during the use and improper disposal of organochlorine pesticides and industrial waste should be expected. In many of
these regions countless species are currently threatened or endangered
from land-use change, fragmentation, and climate change among others.
Without monitoring and proper regulation of environmental contaminants these species could be pushed further toward regional and global
extinction. We initiated this study to monitor the levels of environmental
contaminants across developing regions of South Africa using a traditional bioindicator species, the African Fish Eagle (AFEA; n=27), and
a species in peril, the Lesser Flamingo (LF; n=17). We collected blood
plasma samples from nestling AFEAs from across South Africa and
both immature and adult LFs from the Kamfers Dam breeding colony
near Kimberly, South Africa to monitor organochlorine (OC) contaminant levels. We extracted 34 OCs using a solid-phase micro-extraction
procedure and quantified each compound using an Agilent 8690 GC/
ECD. We found that all AFEAs sampled had detectable concentrations
of dichlorodiphenyltrichloroethane (DDT) products and 94% of LFs had
detectable concentration of DDT products. We also found that 30% of
all AFEAs sample had detectable concentrations of 22 Polychlorinated
biphenyl (PCB) congeners while 89% of LFs had detectable PCB
concentrations. Geometric mean concentrations of the sum of DDT
products and sum of PCB congeners for AFEAs are 1.5 and 13.7 ng/ml,
respectively. Geometric mean concentrations in LFs are 4.6 and 7.2 ng/
ml, respectively. We also observed a lower composition of 4,4’-DDE in
sum DDT products compared to ratios observed in North America where
DDT use has been discontinued since the 1970s (35% AFEA, 4.5% LF,
North America 50-90%). This finding suggests that DDT is likely still in
use in South Africa and one potential point source is the Kamfers Dam
effluent from the Kimberly area where the LFs were sampled. AFEA
samples from this same area that often feed on LFs also indicate the
degradation of DDT products that occurs between trophic level as their
4,4’-DDE composition is 54% compared to the LF composition of 4.5%.
TP006 Bioaccumulation of Polychlorinated Biphenyls in Riparian
Migratory and Resident Birds of Southeastern Mexico
J.R. Herrera-Herrera, Univ Autonoma de Tamaulipas / Facultad de
Ingeniería y Ciencias; J. Oris, Miami Univ / Dept of Biology; D. Russell,
Miami Univ / Biology; j. Rendon, Univ Autónoma de Campeche / Instituto
EPOMEX; A. Tabares-Alavez, Univ Autónoma de Campeche / Instituto de
Ecologia Pesquerias y Oceanografia del Golfo de Mexico
Assessments of the bioaccumulation of polychlorinated biphenyl (PCB)
residues in riparian biota is important to increase our understanding of
potential pathways of transport through riparian food webs. We assessed
PCB body residues for two species of riparian warblers, the Mangrove
Warbler (a year-round resident) and Northern Waterthrush (a migrant)
in the Laguna of Términos (LT) preserve in southeastern Mexico during
the winter of 2012. Three adult birds of each residency category were collected at four study sites located in mangrove forests within the estuarine
areas of the LT preserve (n=24). In decreasing order of predominance on
a wet weight (ww) basis, the ranges of ∑PCB residues for resident warblers were from below detection limit (BDL) to 19.3 ng-1 g with a mean
(SD) of 9.1 (5.1) ng-1 g and for the migratory warblers were from BDL to
13.5 ng-1 g with a mean of 5.7 (5.2) ng-1 g. The most polluted sites with
∑PCBs were located in the estuarine sites of the LT region. Migrants
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had concentrations of 8.8 (7.6) ng-1 g and 8.7 (2.4) ng-1 g at sites 4 and 3
respectively, while resident warblers had concentrations of 12.8 (5.9) ng-1
g and 10.6 (2.6) ng-1 g at sites 3 and 2 respectively. The most predominant PCB congener in both species was PCB 194 present in 83% (10/12)
of residents and 58% (7/12) of migrants. PCB residues were present at all
four sites and in both species except for migratory birds at site 2. These
baseline level assessments are the first known measurements of PCB
residues in riparian birds in this region, and this information will be
important in support of future environmental management decisions.

Ecological Consequences of Exposure to
Pharmaceuticals
TP007 Oxidative stress induced in Hyalella azteca by effluent from an
NSAID-manufacturing plant in México
K.A. Novoa-Luna, R. Romero-Romero, R. Natividad-Rangel, Univ
Autónoma del Estado de México /Facultad de Química; M. Galar-Martínez,
Instituto Politécnico Nacional, Escuela Nacional de Ciencias Biologicas; L.M.
Gomez-Olivan, Univ Autónoma del Estado de México /Facultad de Química
Production in the pharmaceutical industry has increased and along with
it, the amount of wastewater discharges of varying characteristics and
contaminant concentrations.The main chemicals present in these effluents are solvents, detergents, disinfectants – such as sodium hypochlorite
(NaClO) – and pharmaceutical products, all of which are potentially
ecotoxic. Therefore, this study aimed to evaluate the oxidative strress
induced in the amphipod Hyalella azteca by the effluent emanating from
a nonsteroidal anti-inflammatory drug (NSAID)-manufacturing plant.
The median lethal concentration (72h-LC50 ) was determined and H.
azteca were exposed to the lowest observed adverse effect level (LOAEL,
0.0732%) for 12, 24, 48 and 72 h, and biomarkers of oxidative stress were
evaluated [hydroperoxide content (HPC), lipid peroxidation (LPX),
protein carbonyl content (PCC), and the activity of the superoxidant
enzymes superoxide dismutase (SOD), catalase (CAT) and glutathione
peroxidase (GPx)]. Statistically significant increases with respect to the
control group (P< 0.05) were observed in HPC, LPX and PCC on H.
azteca in all exposure times. SOD, CAT and GPx activity also increased
with respect to the control group. In conclusion, the industrial effluent
analyzed in the present study contains NSAIDs and NaClO, and induces
oxidative stress in Hyalella azteca.
TP008 Multiple exposure of the pharmaceutical using the Daphnia
reproduction test
N. Tatarazako, H. Takanobu, R. Abe, H. Takanobu, H. Watanabe,
National Inst for Environmental Studies / Center for Environmental Risk
Research
Impact statement and the risk assessment of chemicals have been pushed
forward for individual chemicals till now, and few the knowledge about
the evaluation approach of a more realistic impact (a multiple impact)
when it was done exposure at a time by the plurality of chemicals. This
study is aimed for an establishment and the pool of information of
the evaluation approach of the multiple exposure for the wildlife. The
selection of this test object substance considered the combination of the
substance that the action mechanism for human beings was known to
some extent, and serious damage might be caused for health effect by
interaction of main action or the side effect. We chose three pattern of
additive effect of the similar action substance, a synergy or antagonism
effect of the different action substance, the unidentified effect of the
different action substance from a combination said to be contraindicated
with pharmaceutical and did a verification test especially. We recognized
that physiological responses were different in human beings and the
Daphnia, but we chose Daphnia as test organism this time and played
reproduction at the endpoint. As for the method of the multiple impact
statement test using the Daphnia, the basic condition was based on testing method (Test of Reproduction and Survival Using the Cladoceran
Ceriodaphnia dubia) of Environment Canada. Because the exposure
condition of the multiple impact test was not established, at first we
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began it from the investigation of the testing method. Four sets of (1):
analgesia, ethenzamide (ETZ) and dexamethasone (DEX) which were
antiphlogistic, (2): piperonyl butoxide (PBO) which was synergist of the
pesticide and dichlorvos (DDVP) of the organophosphate jape worms
antifungus agent, (3): piperonyl butoxide (PBO) and cyhalothrin (CHT)
of the synthesis pyrethroid system insecticide, the phenytoin which were
rifampicin and the antiepileptic of the (4): antitubercular agent were
chosen as the pair of the test substance. We did preliminary examination
and established exposure concentration so that EC50 was obtained. In
DEX and ETZ, an additional result was obtained, and a result of the
cancel was obtained in 2 tests of PBO and DDVP, RPN and PHT. And
we showed synergistic tendency in PBO and CHT. PBO showed cancel
effect with DDVP of the organic phosphorus insecticide and showed
synergism with CHT of the pyrethroid system insecticide.
TP009 Effect of three neuroactive compounds exposure on brain of
common carp (Cyprinus carpio) using oxidative stress biomarkers
E. Gasca, Univ Veracruzana / Facultad de Bioanalisis; M. Galar-Martinez,
Laboratory of Aquatic Toxicology / Dept of Pharmacy; F.R. Ramos-Morales,
Univ Veracruzana / Unidad de Servicios de Apoyo en Resolución Analítica;
I. Pérez-Cóyotl, S. Garcia-Medina, Instituto Politécnico Nacional, Escuela
Nacional de Ciencias Biologicas / Laboratory of Aquatic Toxicology / Dept of
Pharmacy; L. Gómez-Oliván, Univ Autónoma del Estado de México, Fac.
de Farmacia
Carbamazepine (CBZ), benzodiazepines (BZD) and valproic acid (VP)
are the most prescribed drugs to treat epilepsy, neuropathic pain and
mood disorders treatments, therefore, in many countries low levels of
these compounds have been detected in treatment plant effluents, surface
waters, seawaters, groundwater and some drinking waters. The presence
of these compounds in water bodies can affect behavioral patterns of the
biota, that are relevant to the preservation of species, such as swimming,
scototaxis, tigmotaxis, predation, feeding, mating and consequently
growth; moreover, they can stimulate the production of reactive oxygen
species and result in oxidative damage in brain tissue. The present study
aimed to determine whether CBZ, VP and a new analogue of BZD,
dibenzo(b,f)(1,4)diazozin-6,11(5H,12H)-dione (8A), induce oxidative
stress in brain of the common carp (Cyprinus carpio). Specimens were
exposed to environmental concentrations of CBZ (2.1 µg/L), VP (0.14
µg/L) and 8A (0.1 µg/L) in a static exposure systems for 12, 24, 48, 72
and 96 h. At the end of the exposure period, subjects were euthanized,
brain tissue was collected and the following biomarkers were evaluated:
lipid peroxidation level, hydroperoxides content, oxidized protein content
and activity of catalase and glutathione peroxidase. Results show that
lipoperoxide level increased significantly in organisms exposed to CBZ
with respect to the control group. Hydroperoxides and oxidized protein
content did not show significant differences between treatments. All
compounds produced an increment in catalase activity, but only CBZ
increased glutathione peroxidase activity. In conclusion, CBZ induced
oxidative stress on brain of the carp, representing a risk for species
exposed to this drug.
TP010 Characterization of early gonadal development in smallmouth
bass (Micropterus dolomieu) and effects of ethinyl estradiol on gonadal
differentiation
S. Kadlec, Integrated Biosciences; R.D. Johnson, USEPA /
ORDNHEERLMED; D.R. Mount, USEPA / ORD NHEERL MidContinent Ecology Division; P. Schoff, Univ of Minnesota Duluth / Natural
Resources Research Inst
Teleosts vary widely in patterns of gonadal sex differentiation, which
might lead to differences in how gonadal development is affected by
the presence of estrogenic compounds. This makes it difficult to apply
our knowledge of model species such as medaka and fathead minnow
to other species. As an example, field surveys have observed testicular oocytes in wild-caught smallmouth bass, but it is not clear to what
degree these findings imply environmental exposure to estrogenic
compounds. As a first step toward better understanding these connections, we studied the development of gonadal tissue in smallmouth bass
fry that were reared in clean water, or in a low concentration of a model

estrogen (2 ng/L 17-α-ethinyl estradiol, EE2) for 90 d beginning at
swim-up, followed by 90 d in clean water. This poster presents a pictorial
time series of our histological evaluation of gonadal development in the
presence and absence of estrogenic exposure. In controls, the onset of
gonadal sex differentiation occurred earlier in putative ovaries than in
testes. Subtle indications of ovarian differentiation were observed at day
32, with a stronger distinction from undifferentiated (presumably male)
gonads by day 49, and unambiguous ovarian organization by day 63.
Testicular differentiation was not evident until day 92. In EE2-exposed
groups, 100% of fish developed according to the ovarian pattern by day
63, with continued development of ovaries even after cessation of EE2
exposure, although at days 120 through 180, roughly half of the EE2exposed fish showed slightly abnormal ovarian structure. This phenotype
was characterized by a smaller cross-sectional area, fewer oocytes, and
more fibrotic tissue than control ovaries. We speculate that this sub-category of the ovarian phenotype may have been exhibited by genetically
male fish that were feminized by EE2 exposure, although genetic sex was
not known. Because no EE2-exposed fish followed a path of testicular
development, the likelihood that estrogenic exposure leads to testicular
oocytes could not be evaluated.
TP011 Spatial Trends of Pharmaceuticals in an Urbanized Estuary:
Influence of Wastewater Effluents in Narragansett Bay, RI, USA
D. Katz, M.G. Cantwell, USEPA / Atlantic Ecology Division; J.C.
Sullivan, ORISE at USEPA / AED; R.M. Burgess, K.T. Ho, USEPA /
Atlantic Ecology Division
For years, pharmaceuticals have been routinely detected in wastewater
treatment plant effluents and freshwater systems. Wastewater effluent serves as a primary source of pharmaceutical compounds to natural
waters. Many marine and estuarine systems receive inputs either directly
from wastewater effluents or from wastewater affected freshwater
systems, and recent research has detected the presence of numerous
pharmaceuticals in marine environments. However, the factors that
influence the spatial variability of these compounds remain poorly
understood. In natural waters, many pharmaceutical compounds remain
largely in the dissolved phase due to their high aqueous solubility, and
are therefore potentially bioavailable to aquatic life. The current study
focused on the spatial distribution of a suite of 16 pharmaceuticals in
Narragansett Bay (NB), Rhode Island, USA. These compounds were
measured in the surface water at 8 stations throughout NB on March
16, 2015. Pharmaceutical concentrations ranged from below 1 ng/L
to 155 ng/L at all NB sites. Concentrations of these pharmaceuticals
exhibited a gradient from high to low along the north to south direction
of NB respectively, which correlates with proximity from high volume
wastewater effluent discharges and population density. Three sites in the
northern section of NB receive significant volumes of treated effluent,
and these contributions were reflected in the pharmaceutical concentrations determined in samples from these sites. Lower volume discharges
are present near the other sites, but these discharges had a smaller effect
on the observed data. At least 11 of the 16 compounds were present at
each site. An antibacterial compound (sulfamethizole) was not present
at any site, and a diuretic compound (furosemide) was only present at
one site. All other compounds were present at three sites or more, and
several (sulfamethoxazole, trimethoprim, atenolol, metoprolol, caffeine,
diltiazem, valsartan, verapamil, and gemfibrozil) were present at all sites
during the study period, with caffeine and valsartan consistently present
in the highest concentrations at all sites.
TP012 Temporal trends of select pharmaceutical compounds entering
an estuary from a small, urban river
M.G. Cantwell, Atlantic Ecology Division; D. Katz, USEPA / Atlantic
Ecology Division; J.C. Sullivan, ORISE at USEPA / AED; K.T. Ho, R.M.
Burgess, USEPA / Atlantic Ecology Division
The fate and effects of pharmaceutical compounds have been widely
studied in freshwater systems; however, less is known about their
behavior in marine ecosystems. In many coastal watersheds, there are
river systems that are receiving waters for domestic wastewater treatment effluents. Depending on the size of the human populations served
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by these treatment plants, the effluents will contain a range of emerging
contaminants including pharmaceutical compounds. Ultimately, these
rivers discharge to coastal waters or estuaries, resulting in the release
and distribution of pharmaceutical compounds to marine waters. In
this study we measured the dissolved and particulate phases of select
pharmaceuticals entering Narragansett Bay from the Pawtuxet River in
Cranston, RI, USA over a one year period. Of the 16 pharmaceutical
compounds measured, 14 were consistently present in the dissolved phase
throughout the study. Concentrations ranged from below detection to
more than 310 ng/L. Sediment traps were deployed to collect suspended
particulate matter exiting the mouth of the river. Seven of the 16 measured pharmaceuticals were present in the suspended sediment samples,
ranging from below detection to more than 18 ng/g. Distribution coefficients (Kds) were calculated and remained relatively constant during
the study for most compounds. River flow from a USGS gaging station
was used to generate estimates of flux for each compound during the
study. Overall, these results indicate that the majority of pharmaceuticals
measured in this study exiting the Pawtuxet River reside primarily in
the dissolved fraction and are likely still bioactive and bioavailable upon
entering the waters of Narragansett Bay.

Harmful Algal Bloom Toxins in Inland
Waters: Environmental Contaminants of
Emerging Concern
TP013 Health-Based Cyanotoxin Guideline Values Allow for
Cyanotoxin-Based Monitoring and Efficient Public Health Response
to Cyanobacterial Blooms
D. Farrer, Public Health Division; R. Hillwig, M. Counter, C. Cude,
Oregon Health Authority / Public Health Division
Human health risks from cyanobacterial blooms are primarily related
to cyanotoxins that some cyanobacteria produce. Not all species of
cyanobacteria can produce toxins. Those that do often do not produce
toxins at levels harmful to human health. Monitoring programs that use
identification of cyanobacteria genus and species and enumeration of
cyanobacterial cells as a surrogate for cyanotoxin presence can overestimate risk and lead to unnecessary health advisories. In the absence of
federal criteria for cyanotoxins in recreational water, the Oregon Health
Authority (OHA) developed guideline values for the four most common
cyanotoxins in Oregon’s fresh waters (anatoxin-a, cylindrospermopsin,
microcystins, and saxitoxins). OHA developed three guideline values for
each of the cyanotoxins found in Oregon. Each of the guideline values is
for a specific use of cyanobacteria-affected water: drinking water, human
recreational exposure and dog recreational exposure. Having cyanotoxin
guidelines allows OHA to promote toxin-based monitoring (TBM) programs, which reduce the number of health advisories and focus advisories
on times and places where actual, rather than potential, risks to health
exist. TBM allows OHA to more efficiently protect public health while
reducing burdens on local economies that depend on water recreationrelated tourism.
TP014 A watershed cooperative addresses short and long term
perspectives for the management of harmful algae at a Southwestern
Ohio drinking water reservoir
C.T. Nietch, USEPA / Water Supply Water Resources Division; M.
Heberling, USEPA / Sustainable Technologies Division; M. Elovitz,
USEPA / Water Supply and Water Resources Division; J. Beaulieu, USEPA
/ Waters Supply and Water Resources Division; J. Allen, USEPA / Office of
Research and Development; J. Young, USACE
The multi-agency East Fork Watershed Cooperative (EFWCoop) has
focused discussion and consequent leveraged monitoring efforts to
understand how to ensure water safety in the short term. The EFWCoop
is also collecting the dense data sets required to consider potential
options for reversing the harmful algae bloom (HAB) problem in
East Fork Lake (aka Lake Harsha) over the long term. Since 2009 the
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EFWCoop has pooled its resources to: 1) document historical changes in
lake water quality and coincident shifts in algal communities required to
prove to stakeholders and other funding agents that the problem is getting worse, 2) establish a water monitoring infrastructure and facilitate
research studies used to address both short and long term goals for HAB
management, as well as account for potential co-benefits or unintended
consequences, 3) support the development, testing, and validation of
models that are used to integrate and scale the monitoring data for
system-wide assessment and to simulate HAB management alternatives,
and 4) engage a broader stakeholder community to promote watershed
protection education and acquire the funds for implementing and evaluating management strategies at a large enough scale to actually produce a
measureable effect. With the collective action, we have found it illogical only to rely on regulating point sources to fix the problem. We also
have documented that traditional water quality trading, a market-based
approach with a TMDL cap, would not be economically feasible either.
Now we research potential alternative participants for the market-based
approach with the goal of increasing the supply of and demand for nutrient control. Increasing the supply and demand would make water quality
trading a more viable option over the long term. We study the cost and/
or eco-based incentives a drinking water treatment plant, lake recreationists, homeowners, MS4 permit holders, WWTP operators, and
farmers all potentially have to participate in a market designed to reduce
nutrient loading to control harmful algae in Lake Harsha.
TP015 Immunomodulatory potency of toxins produced by harmful
algal blooms
O. Adamovsky, Z. Moosova, Masaryk Univ Faculty of Science / Research
Centre for Toxic Compounds in the Environment RECETOX; M.
Pekarova, Czech Acedemy of Science / Inst of Biophysics; A. Basu, Masaryk
Univ Faculty of Science / Research Centre for Toxic Compounds in the
Environment RECETOX; P. Babica, Czech Acedemy of Science / Inst of
Botany, Dpt of Experimental Phycology and Ecotoxicology; L. Svihalkova,
L. Kubala, Academy of Sciences of Czech Republic / Inst of Biophysics;
L. Blaha, Masaryk Univ, Faculty of Science / Research Centre for Toxic
Compounds in the Environment RECETOX
A mass occurrence of cyanobacteria is frequently reported in numerous
freshwater lakes, served as direct source of drinking water. There are
many incidents of chronic exposure to cyanobacterial toxins which have
been attributed to inappropriate treatment of water supplies or contaminated food. There is general lack of detail studies focused on the effects
on immunity which is the aim of this study. We investigated the effects
of broad range of cyanobacterial peptides and alkaloid (microcystins,
aeruginosin and cylindrospermopsin) on macrophages in detail, which
represent one of the key effector cells within human innate immunity.
Our study reflects the concentrations of cyanobacterial toxins that were
reported in human blood and are considered as relevant. We have shown
that low nanomolar concentration of microcystin-LR (MC-LR) significantly stimulates production of pro-inflammatory cytokines, which in
long term exposure have negative impact on human health. In addition, we are bringing novel insight into the mechanisms and processes
behind the effects. Interestingly, the observed effects are not attributed to
intracellular inhibition of protein phosphatases due to lack of microcystin trans-membrane transporters. Considering all evidences gathered in
the present study, we hypothesize for the first time, that MC-LR is able
to directly interfere with macrophage surface receptors that trigger the
signaling pathways that we described in detail. The effects are very toxinspecific. Other cyanobacterial toxins and microcystin congeners had
only minor effects on macrophages. Our results suggest that some of the
cyanobacterial peptides may have significant immunomodulatory activities in very low environmentally relevant concentrations. The research
was supported by the grant from the Czech National Science Foundation
(GACR GP13-27695P). The RECETOX research infrastructure was
supported by the projects of the Czech Ministry of Education (LO1214)
and (LM2011028).
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TP016 Total, Cellular, and Aqueous Microcystin-LR Following
Laboratory Exposures of Microcystis aeruginosa to CuSO4 and a
Chelated Copper Compound
K. Iwinski; A.J. Calomeni, Clemson Univ; J.H. Rodgers, Clemson Univ /
Dept of Forestry and Environmental Conservation; T.D. Geer, Clemson
Univ
Data regarding relationships between copper algaecide exposures and
responses of microcystin producing algae are needed. We measured
responses of a microcystin-LR producing strain of Microcystis aeruginosa
(CPCC 300) in the laboratory in terms of cell bound microcystin-LR
(MC-LR), aqueous MC-LR, and chlorophyll a following exposures to
a range of concentrations (0.02-1.0 mg Cu/L) of a copper salt (CuSO4)
and a chelated copper compound (Cutrine Plus®). The objectives of
this study were to: 1) determine relationships between copper exposure
concentrations and changes in cellular and aqueous MC-LR concentrations, 2) compare total MC-LR concentrations for algae exposed to
copper and an untreated control over time, and 3) compare responses
of M. aeruginosa to the two algaecides in terms of total, cellular, and
aqueous MC-LR and chlorophyll a. EC50s and slopes for M. aeruginosa
responses to copper exposures were calculated for chlorophyll a, cellular
MC-LR, and aqueous MC-LR. Results of this study showed that algal
responses followed a sigmoidal exposure-response relationship, and
cellular MC-LR and chlorophyll a were negatively related to copper
concentrations. Aqueous MC-LR increased with copper concentrations,
although the increase in aqueous MC-LR was not directly proportional
to decreases in cellular MC-LR and chlorophyll a. The rate of decline
of cellular MC-LR and chlorophyll a with copper concentrations
was approximately 5 times greater than the rate of increase in aqueous MC-LR. Total MC-LR for all copper exposures was less than the
untreated control on days 2 through 5 following exposure. No differences
in M. aeruginosa responses were measured between CuSO4 and Cutrine
Plus® in terms of rate of change cellular MC-LR and chlorophyll a with
copper concentration. However differences were measured between
Cutrine® Ultra and CuSO4 in terms of aqueous and total MC-LR
concentrations at exposure concentrations of 0.5 and 1.0 mg Cu/L.
Aqueous and total MC-LR was greater (10-20%) following exposure
to CuSO4 compared to Cutrine® Plus 1 day following exposure. Data
from this laboratory study highlight the relationship between copper
concentrations and aqueous MC-LR concentrations, where release of
cellular MC-LR to the aqueous phase decreases at lower copper concentrations. These data serve to support more accurate risk evaluations of
total MC-LR concentrations when M. aeruginosa is exposed to copper
algaecides and when it is left untreated.

Mercury Fate and Biogeochemistry
TP017 The distribution of methylmercury in sediment, porewater,
surface water, and Odonata Larva in the St. Louis River Estuary
N.W. Johnson, Univ of Minnesota Duluth / Civil Engineering; J.
Jeremiason, Gustavus Adolphus College / Dept of Chemistry; D. Fraser, Univ
of Minnesota Duluth / Dept of Civil Engineering
Mercury levels in fish from the 12,000 acre St. Louis River Estuary
(SLRE) on the western end of Lake Superior are elevated with respect
to the upstream portion of the river and Lake Superior. The cause
higher fish mercury is presently unknown. In order to characterize the
distribution of mercury in the SLRE, total- and methyl- mercury were
quantified in sediment, porewater, surface water, and Odonata larva
throughout the SLRE during the summer of 2014. MeHg varied from
less than 0.5 % to 12 % of total mercury in sediment, and was typically higher in near-shore, vegetated areas. Solid phase MeHg showed
distinct patterns with respect to sediment sulfur and carbon, while
porewater mercury concentrations appeared to be strongly related to
carbon. Similar to observations in the upstream river, surface water
MeHg during the rainy spring season was elevated throughout the entire
estuary. Spatial patterns in MeHg concentrations later in the summer
(low-flow conditions) suggest that some embayments in the estuary that

are isolated from the main channel are net producers of MeHg. Though
surface water sulfate concentrations were relatively uniform throughout
the estuary, sulfate isotope measurements in surface water suggest that
net sulfate reduction occurred along a transect from the main channel into a dendritic embayment. Consistent with fish mercury results,
Odonata larvae contained elevated levels of total- and methyl- mercury
in the SLRE compared to the upper river. Since most estuary Odonata
were collected in lentic habitats, it is not yet clear whether the high mercury content of estuary Odonata relative to upstream Odonata was due
to higher mercury bioavailability in the estuary, differences in food web
structure, or a combination of these and other factors.
TP018 Microbial production of methylmercury in North Carolina
Piedmont stream sediments
P. Blum, Univ of North Carolina at Greensboro / Biology; M.T. Tsui, Univ
of Michigan / Biology; A.E. Hershey, Univ of North Carolina at Greensboro
/ Dept of Biology
Methylmercury (MeHg) is a potent neurotoxin that is primarily produced by anaerobic microbes. Mercury methylating microbes include
sulfate reducing bacteria (SRB), iron reducing bacteria (FeRB), and
methane producing Archaea (MPA). SRB and MPA compete for acetate
and hydrogen, with SRB outcompeting MPA when sulfate is in excess.
SRB have been established as the dominant freshwater MeHg producers, but one recent study implicated MPA as the dominant methylators
in lake periphyton. Methanogenesis and microbial control of MeHg
production are little studied in streams. These processes were evaluated
in 2 urban and 2 forested North Carolina Piedmont streams. Results
suggest that methanogenesis varies across streams. Methanogenesis was
highest when SRB were inhibited, suggesting SRB limit MPA activity. Preliminary data from one urban stream suggested that when MPA
activity was inhibited, Hg methylation remained unchanged, but when
SRB activity was inhibited, MeHg production was reduced, similar to
when both MPA and SRB were inhibited. These preliminary data suggest that SRB dominate Hg methylation, and MPA and other microbes
(e.g., FeRB) play minor roles in Hg methylation in North Carolina
Piedmont stream sediments.
TP019 Methylmercury Transport Across the North Channel of the
Tagus Estuary (Portugal)
R. Cesário, Instituto Superior Técnico / Departamento de Engenharia
Química, Centro de Química Estrutural; M. Nogueira, IPMA IP; A. Mota,
Instituto Superior Técnico / Centro de Química Estrutural; C. Monteiro,
IPMA IP; J. Canario, Instituto Superior Técnico / Centro de Química
Estrutural
Estuaries are highly dynamic links between the terrestrial and ocean
reservoirs. Resolution of the biogeochemical cycle of mercury (Hg)
within estuaries is complicated by their physical, chemical and hydrological dissimilarities, variation in productivity, biodiversity, differences
in Hg inputs and propensity for Hg bioaccumulation in food webs. Once
methylmercury (MeHg) is produced in sediment it may be diffused to
the water column and can be transported by the tides. Tagus estuary is
one of the largest estuaries in Europe with several longitudinal channels in the central bay. Several studies have shown that sediments in
North Channel (NC) have been contaminated by mercury during several
years. The same studies also showed that suspended particulate matter
(SPM) still contains high Hg levels due to resuspension of contaminated
bottom sediments and eventually industrial emissions. Because the
hydrodynamic are greatly influenced by the tide, the export of Hg, and
consequently MeHg, from the two edges of NC is difficult to estimate by
a simple mass balance. Sampling campaigns in NC and in adjacent areas
were performed bimonthly during one year and samples were collected
covered different tide conditions (high and low tides). Additionally, a
tidal cycle was sampled on an hourly basis. Mercury, MeHg, organic
carbon in both dissolved and particulate fractions, salinity and other
interpretative parameters were determined. Results showed that both
particulate and dissolved organic carbon have a conservative behavior in
the estuary (e.g., DOC: R2=0.782; p< 0.05). MeHg concentrations in
the water column were higher in the bottom waters (up to 2 times) and in
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warmest months (up to 100 times) suggesting effective methylation processes in NC system and/or lower demethylation in the water. Compared
to the outer estuarine samples higher concentrations of both dissolved
and particulate MeHg were always found in North Channel raising the
possibility of MeHg being exported to other areas of the estuary by the
tidal excursion. This hypothesis was confirmed by the results obtained in
the tidal cycle and by the increase of MeHg levels in the channel adjacent
to NC during the high tide. These results indicate that the tides influence
the transport of MeHg inside the channel and the consequent transport
of MeHg to the lower estuary. Therefore, the contaminated NC may be
considered a source of MeHg to the outer estuary.
TP020 Assessing changes in dissolved organic matter quality and its
effects on mercury bioaccumulation across a freshwater watershed
G.L. Lescord, Laurentian Univ / Boreal Ecology; T.A. Johnston, Ontario
Ministry of Natural Resources; B.A. Branfireun, Western Univ / Biology; J.
Gunn, Laurentian Univ / Boreal Ecology
Dissolved organic matter (DOM) is well known to have both stimulating and inhibiting effects on MeHg production and bioaccumulation
in freshwater biota; DOM can stimulate methylmercury (MeHg)
production by enhancing growth of methylating bacteria or hinder
MeHg production by binding with inorganic Hg and limiting uptake by
bacteria. MeHg can also bind with large DOM complexes and be transported throughout watersheds. The conflicting relationships between
DOM and Hg are likely due, in part, to variation in composition and
structure of DOM molecules; these include an array of humic and fulvic
acids, as well as amino and carboxylic acids, that vary widely in molecular weight, structure, and chemical properties. Although many studies
have examined the relationship between Hg concentrations (in water
or biota) and DOM concentrations in freshwater systems, fewer studies
have assessed DOM composition or quality in relation to Hg binding
and cycling. The goal of this study was to measure total Hg and MeHg
concentrations in water (n = 1-3/site), invertebrates (n = 3-7/site), and
fish (n = 100/site) from 15 lakes/river sites, sampled in 2013/2014, across
the Attawapiskat River Watershed in Ontario, Canada, and relate these
concentrations to optical measures of DOM composition throughout the
basin. The Attawapiskat River Watershed begins with deep headwater
lakes in the Boreal Shield, which we expected to have DOM composed
of larger, more humic compounds that can limit bacterial methylation
and transport of MeHg downstream. Moving downstream, the watershed transitions into the Hudson Bay Lowlands, where lakes become
shallower (~2 m) and there is less riparian vegetation. Here we expected
DOM composed of smaller and more protein-based compounds, which
are labile energy sources for bacteria. We therefore expected that MeHg
concentrations and rates of biomagnification through food webs would
be higher in biota from these lowland lakes. Fish and invertebrate
samples are currently being analyzed for total Hg, MeHg, and stable
isotope values. Water samples are currently being scanned for DOM
composition using fluorescence spectroscopy and PARAFAC analysis,
which will show the relative abundances and characteristics of various
structural components (e.g., size, aromaticity, protein content) in each
sample. This study provides the first large-scale assessment of DOM
quality across a continuous watershed in relation to MeHg accumulation
in water and biota.
TP021 Genotoxic endpoints following mercury exposure examined in
Caenorhabditis elegans
L. Wyatt, W.K. Pan, Duke Univ; J.N. Meyer, Duke Univ / Nicholas School
of the Environment
Mercury is a heavy metal of great interest due to its pervasive presence
in the environment and recognized harmful nervous and reproductive
system toxicity. In addition to these well-studied impacts, there is growing support for genotoxic impacts, though the mechanisms are not fully
described. In this study, two proposed mechanisms for genotoxicity were
assessed at the whole organism level in Caenorhabditis elegans: 1) DNA
damage as a result of mercury exposure alone and 2) inhibition of DNA
damage removal after exposure to known genotoxicants. The genotoxic
impacts of 24 hours of exposure to mercuric chloride (HgCl2) and
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methylmercury (MeHg) were evaluated by measuring nuclear and mitochondrial DNA damage and copy number using quantitative real-time
PCR. Impacts to DNA repair and damage removal were evaluated by
pre-exposing nematodes to mercury for 24hr and then to a DNA damage
agent, where nematodes were exposed to either UVC (bulky DNA damage) or H2O2 (oxidative damage). In the repair experiments, genotoxic
endpoints were measured immediately after DNA damage (0hr) and
also at 6, 24, 48hr following DNA damage. Slight but significant DNA
damage (0.2-0.3 lesions/10kb) resulted in both genomes following 24hr
exposure to both HgCl2 and MeHg, however this damage did not
persist and was not observed following longer exposures. Mitochondrial
copy number was significantly reduced following both acute (24hr) highlevel MeHg exposure and chronic (72hr) low-level MeHg exposure. We
have not observed alterations in DNA damage removal following UVC
exposure in either genome and are currently assessing damage removal
following H2O2 exposure. Findings to date indicate that at an organismal level, both chronic and acute exposures have genotoxic impacts and
that these impacts are also evident in mitochondria which has not been
examined previously.
TP022 A comparison of the toxicokinetics and bioaccumulation
potential of mercury and polychlorinated biphenyls in goldfish
(Carassius auratus)
J. Li, Great Lakes Inst for Environmental Research; K.G. Drouillard, Univ
of Windsor / Great Lakes Inst for Environmental Research; B. Branfireun,
Univ of Western Ontario / Dept of Biology; D. Haffner, Univ of Windsor /
GLIER
Both mercury (Hg) and polychlorinated biphenyls (PCBs) demonstrate
food web biomagnification in aquatic ecosystems, yet their toxicokinetics
have not been simultaneously contrasted within a common fish species.
This study quantified uptake and elimination rates of Hg and PCBs in
goldfish. Fish were exposed to contaminated food containing PCBs and
Hg to determine dietary chemical assimilation efficiencies (AE) and
elimination coefficients (ktot). To test first order kinetics, three exposure
regimes were established by varying the amount and the proportion
of contaminated fish incorporated into the food. Dietary AEs were
98±10%, 75±12%, and 40±9 % for MeHg, THg and PCBs, respectively.
The ktot were 0.010±0.003 d-1 and 0.010±0.002 d-1 for THg and
MeHg. No significant differences were found in ktot among the dosing
levels for either THg or MeHg, confirming that Hg elimination was a
first order process. For PCB, ktot ranged from 0.007 to 0.025 d-1 and
decreased with increasing hydrophobicity. This study revealed that Hg
had a higher AE compared to PCBs while the ktot of Hg was similar to
those measured for the most hydrophobic PCBs. It is concluded that Hg
has a 23% higher bioaccumulation potential in goldfish than the highest
PCB BMF observed for congeners with a log KOW > 7.
TP023 Relating foodstuffs and human hair to access mercurial exposure level in Poboya, Central Sulawesi, Indonesia
M.M. Sari, T. Inoue, Toyohashi Univ of Technology / Architecture and Civil
Engineering; Y. Matsumoto, Toyota National College of Technology / Civil
Engineering; K. Yokota, Toyohashi Univ of Technology / Architecture and
Civil Engineering
Mercury as mining pollutant, widely spreads and prevails in the atmosphere for 1 to 2 years due to gold mining activities. Mercury spreads in
several forms, such as metallic mercury (Hg0), divalent mercury (Hg++)
and methylmercury (CH3+). This spreading also effects on human
health. Exposition to divalent mercury possibly can cause gastrointestinal
associated problems with a range of 2–38 %, which can lead accumulation in human body. In other hand, organic form of mercury takes 95 %
of human absorption by consuming fish. Nevertheless, other foodstuffs,
such as egg, chicken and vegetables also transfer mercury to human
body. The contaminated foodstuffs consumption is a main source of
human exposure to the mercury contamination up to 90 % as compared
with other sources. Since 2009, Poboya is known to be one of a main
small-scale gold mining activities area in Central Sulawesi, Indonesia.
Total area of Poboya is 7000 hectares having 35000 miners, released
nearly 200-500 kg/day of mercury through gold mining activities into
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environment. Even though researcher found more than 500 µg/g of
mercury accumulation in soil near Poboya, there is still lack of data about
mercury concentration in human body through long-term food exposure.
To fulfill the shortfall in the literatures, in the present study, two types
of samples were used. First sample was foodstuffs and the second sample
was human hairs. Both samples were taken in Poboya (gold mining area)
and Palu, located 11 km far away from Poboya. Twenty-one foodstuffs
were taken in two traditional markets in Poboya and Palu. Total mercury
concentration in foodstuffs was in the range of 0.0006 ng/mg to 0.006
ng/mg in Poboya (gold mining area), and approx. 0.0003 ng/mg in Palu
(non-gold mining area). The food consumption composition based on
group for both areas in a week were 40% - 41% vegetable, 33% - 35%
process food, 18% seafood and 7% - 8% meat. The result also showed
that the highest total mercury concentration was found in unripe banana,
which is from vegetable group as the frequent food group consumption
for the local people. Comparing to the human hair mercury analysis, the
total mercury in local people living near the gold mining area was 0.0051.201 ng/mg and non-gold mining area was in range of 0.002-2.247 ng/
mg. The result showed that dietary food consumption with high mercury
contaminated food would highly influential in human hair.
TP024 Maternal Methylmercury Exposure Through Rice Ingestion
in Rural China
C. Hong, Univerisity of South Carolina / Dept of Environmental Health
Sciences; X. Yu, Xinhua Hospital / Shanghai Key Lab of Childrens
Environmental Health; J. Liu, Univ of South Carolina / Dept of
Epidemiology and Biostatistics; S. Rothenberg, Univ of South Carolina /
Environmental Health Sciences
Flooded rice paddies are important mercury (Hg) methylation sites,
where methylmercury (MeHg) is bioaccumulated in rice grain. Yet there
are few studies concerning dietary MeHg intake through rice among
pregnant women. The main objective was to determine the importance
of rice and fish as sources of dietary MeHg intake for pregnant women in
rural China, and to compare with biomarkers for fetal MeHg exposure.
We recruited 398 pregnant mothers at parturition in rural Guangxi
province, China. Mothers provided hair and blood samples, filled out a
semi-quantitative food frequency questionnaire (FFQ ), including rice
and fish consumption, and provided a rice sample from home. Total
Hg and/or MeHg concentrations were determined in hair and blood,
rice, and river fish (n=13) purchased from local markets. For other fish/
shellfish varieties, total Hg concentrations were determined from a comprehensive literature search (n=1330). Results: Based on the FFQ and
rice/fish Hg concentrations, daily MeHg intake averaged 1.2 ± 1.7 µg/
day (range: 0-19 ug/day, median=0.85 ug/day, n=368). On average, the
proportion of MeHg intake from rice was 71% ± 34 % (range: 0-100%,
median=87%, n=366) and the proportion of MeHg from fish was 29%
± 34% (range: 0-100%, median=13%, n=366). Within this cohort, 77%
of mothers were farmers, and 23% held other occupations. For mothers
who were farmers, the proportion of MeHg intake from rice was higher
compared to non-farmers (farmers: 76 ± 32%, non-farmers: 56 ± 34%)
(Wilcoxon rank sum test, p< 0.0001, n=366), while daily MeHg intake
was significantly lower (farmers: 1.1 ± 1.8 ug/day, non-farmers: 1.5 ± 1.3
ug/day) (Wilcoxon rank sum test, p< 0.01, n=368), reflecting lower Hg
levels in rice compared to fish. Average total Hg and/or MeHg concentrations in maternal hair and blood were slightly higher for mothers
who were farmers compared to non-farmers, however results were not
significant (Wilcoxon rank sum test, p=0.12-0.29, n=396 or n=397).
Rice ingestion was the primary pathway for MeHg exposure for most
mothers, especially those who were farmers. Rice does not contain the
same beneficial nutrients as fish, therefore mothers who were farmers
may be at higher risk compared to non-farmers. However, biomarker Hg
concentrations did not differ significantly between both groups, possibly
reflecting reporting error associated with the FFQ.

TP025 Monitoring of methylmercury and DOM over 3 years:
Implications for mercury contamination in Kejimkujik National Park
S. Klapstein, Acadia Univ / Earth Environmental Science; D. Hanson,
HansonRM / Earth Sciences; S. Ziegler, Memorial Univ of Newfoundland
/ Earth Science; N.J. O’Driscoll, Acadia Univ / Dept of Earth and
Environmental Science
Methylmercury bioaccumulation in biota is a serious concern for some
remote ecosystems in Southwestern Nova Scotia. Sources of mercury
to this area are both natural and anthropogenic, including bedrock and
atmospheric deposition. While much is known about mercury methylation in freshwater, much less is known about demethylation. The
loss of methylmercury from the water column of lakes is dependent on
several processes including adsorption, deposition to sediments, and
demethylation. Microbial demethylation in lake water columns is very
slow, therefore daytime photodemethylation facilitated by solar radiation can dominate methylmercury removal from the water column. To
better quantify the photodemethylation potential within lakes we must
determine a) the variation in photoreactive compounds such as dissolved
organic matter (DOM) and iron (Fe) and b) the availability of solar
radiation with depth in water columns. Freshwater lakes were chosen in
Kejimkujik National Park (44.23°N, 64.13°W) to include a wide range in
dissolved organic carbon (DOC) and Fe concentrations. Water samples
were collected over 3 years and analyzed for ultraviolet (UV)-visible
absorbance, DOC, dissolved ions, total mercury, and methylmercury
concentrations. In 2013, floating sensors for UV, photosynthetically
active radiation (PAR), and temperature were also installed in two lakes
of contrasting DOC concentrations. The depth of 95% UV attenuation
was 40-50 cm in the lower carbon lake compared to 10-20 cm in the
higher carbon lake. The effect of rainfall on UV attenuation was also
less in the lower carbon lake compared to the higher carbon lake, most
likely due to a difference in catchment area. Seasonal alterations to the
solar angle of incident radiation strongly controlled the amount of solar
radiation entering lake water surfaces and therefore outlined a possible
photoreactive season or period within each year. These observations suggest that photodemethylation of methylmercury in lake water columns
may be limited to a short period of approximately 4 months a year at
44°N. Overall, these field observations provide fine resolution solar
radiation data and excellent temporal resolution over 3 years for mercury
and carbon cycling.
TP026 The role of sulfur biogeochemistry in methylmercury formation in salt-marches (Portugal)
R. Cesário, IST / Departamento de Engenharia QuímicaCentro de Química
estrutural; R. Mendes, IPMA IP; A. Mota, J. Canario, Instituto Superior
Técnico / Centro de Química Estrutural
Salt marshes are ecosystems of vital importance due to their high
biological productivity, hydrological flux regulation, biogeochemical cycling of nutrients and metals and for being a habitat for fish and
wildlife. Mercury studies in Portuguese salt marshes showed that
salt-marsh plants and the rhizosphere are important areas of mercury
retention and methylation. Levels of up to 30% of MeHg in salt-marsh
sediments contrasting to the 0.01% of MeHg in non-vegetated were
observed in several marshes. This increased of MeHg in the rhizosphere
was attributed to the high methylation rates near the plant roots and to
favorable biogeochemical conditions most of them related with the plant
activity. In order to better clarify this process two sites were settled: one
near the Hg contaminated Tagus estuary and the other in Guadiana
estuary where Hg is from geogenic origin. Sediment cores colonized by
S. maritima and S. fruticosa were sampled in the winter, spring, summer and autumn seasons. Roots were separated from the sediments and
sediment pore waters were obtained. All samples were analyzed for Hg,
MeHg and other interpretative parameters such as the concentrations
of sulfate, and particulate and dissolved sulfide. Belowground biomass
and dissolved oxygen levels increase in spring and summer reflecting
higher plant activity. Interestingly, the levels of dissolved and particulate
sulfides (AVS) also increase in the warmest months suggesting that in
spite of more oxygen being transported to the sediment by the roots there
were still sub-oxic/anoxic conditions for sulfate reduction within the root

SETAC North America 36th Annual Meeting | 271

TUESDAY POSTER ABSTRACTS
zone. No pattern was observed for total Hg concentrations however, a
significantly increase of MeHg was determined in all samples during the
warmer months where highest levels of sulfides were detected, suggesting that sulfate-reducing bacteria may be the key Hg methylators. This
pattern was observed in both marshes with different degree of Hg contamination and for both plants suggesting that this could be the general
process of Hg methylation in salt marshes. The periodical input of sulfate
by the tide inundating the marshes and the high organic matter content
in marsh sediments may provide substrate to SRB bacteria for Hg methylation. In other way, the increase of oxygen delivered by the roots and
the day/night plant respiration pattern may increase the redox shifting
in the rhizosphere through sulfate reduction and sulfide oxidation also
promoting the methylation of Hg.
TP027 Spatial and temporal fluidity of invertebrate communities at a
mercury-contaminated site and possible implications for fish mercury
bioaccumulation
M.D. Poteat, Oak Ridge National Laboratory / Environmental Sciences
Division; J.G. Smith, M.J. Peterson, Environmental Sciences Division;
T.J. Mathews, Oak Ridge National Laboratory / Environmental Sciences
Division
Mercury (Hg) is a widespread contaminant in aquatic ecosystems, yet
the link between Hg bioavailability in the environment and bioaccumulation in fish is not clear. In part, this relationship is not straightforward
because 1) Hg is predominantly accumulated in fish as methylmercury
(MeHg), and 2) accumulation occurs primarily as a result of dietary,
rather than aqueous, exposure. East Fork Poplar Creek (EFPC) is a
point-source Hg contaminated stream on the US Dept of Energy’s Oak
Ridge Reservation in east Tennessee (USA). Remediation efforts have
decreased aqueous Hg concentrations over the last 30 years, and aqueous Hg concentrations decrease with distance downstream from the
source. Fish tissue concentrations in EFPC, which have not changed
significantly over this time period, remain above regulatory guidelines.
We hypothesize that spatial and temporal variations in the invertebrate
community structure could help explain why bioaccumulation patterns
in fish do not always follow trends in water concentrations. We analyzed
30 years of bi-annual invertebrate community surveys from upstream and
downstream sites at EFPC to establish invertebrate community structure
and trophic relationships in EFPC. We then compared these observations with measured Hg concentrations in water and redbreast sunfish
(Lepomis auritus) over the same time period. Invertebrate community
structure was significantly different between upstream and downstream
sites both spatially and temporally. Overall, downstream sites had higher
total species richness, suggesting a more complex food web with more
opportunities for Hg biomagnification. Sites also exhibited markedly
different feeding guild compositions, suggesting that some routes of Hg
entry into the food web may lead to higher levels of bioaccumulation in
fish. Overall, our results suggest that invertebrate community composition may influence Hg bioaccumulation in fish – perhaps more so than
aqueous Hg concentrations. Future studies will examine the importance
of food web structure as a whole (including both benthic macroinvertebrate and fish community structure) in Hg bioaccumulation in EFPC.
TP028 Evaluating mercury bioaccumulation rates in fish using markrecapture techniques
T.J. Mathews, Oak Ridge National Laboratory / Environmental Sciences
Division; T. Jett, Oak Ridge National Laboratory; C. Miller, Troy Univ;
M. Jones, Oak Ridge National Lab; M.J. Peterson, Environmental Sciences
Division; B. Pracheil, Oak Ridge National Laboratory
Mercury bioaccumulation can be described by models of varying complexity, from the simplified bioconcentration factor which describes the
partitioning of contaminants between water and the organism, to more
sophisticated models which take into consideration speciation, complexation, and/or bioavailability. At contaminated sites, especially those that
are undergoing remediation, it is helpful to have a dynamic framework to
identify critical Hg sources and processes, and to predict time scales to
recovery. However, understanding the relationship between changes in
exposure concentrations and bioaccumulation rates remains a challenge.
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East Fork Poplar Creek (EFPC) is a Hg-contaminated stream located
in East Tennessee. Over the past 30 years, various remediation actions
have succeeded in reducing Hg inputs and in ameliorating the habitat
in this stream. One of the major goals of remediation is to reduce Hg
bioaccumulation in resident sunfish in order to meet human health
guidelines (0.3 mg/kg Hg in fish fillet). Biological monitoring in EFPC
has included the bi-annual measurement of Hg concentrations in sunfish
fillets at various sites along the stream. Because Hg analysis requires only
~100 mg of fish tissue, sunfish can be sampled non-lethally and released
at the site of capture. Since 2008, a combination of external and passive
induced transponder (PIT) tags have been used to identify individual
fish that are collected from EFPC for Hg analysis. Approximately 3% of
externally tagged fish and 10% of PIT tagged fish were recaptured. We
collected ecological data (e.g., growth rates, site fidelity, etc.), estimated
population densities, and calculated net Hg bioaccumulation rates in
individual fish. While traditional biomonitoring studies conducted in
EFPC have found that the average Hg concentrations in sacrificed fish
have not responded to changes in aqueous Hg concentrations over the
past 10 years, data from the mark-recapture study show that individual
fish may respond to changes in aqueous inorganic Hg concentrations on
shorter time scales. Rapid changes in aqueous Hg concentrations over
a four year period resulted in measurable increases and decreases in Hg
concentrations in individual fish that could not be explained by growth
dilution. These findings are relevant to remediation decisions in EFPC
and other Hg-contaminated sites.
TP029 Variability in percent methyl mercury (%MeHg) in fish;
assessing the effect of fish ontogeny, diet, and tissue type on the ratio
of THg to MeHg
G.L. Lescord, Laurentian Univ / Boreal Ecology; T.A. Johnston, Ontario
Ministry of Natural Resources; B.A. Branfireun, Western Univ / Biology; J.
Gunn, Laurentian Univ / Boreal Ecology
Mercury (Hg) is a global pollutant that has been measured in various
wildlife and humans from around the world. Due to the biomagnification of methylmercury (MeHg) and excretion of other Hg species, it is
commonly assumed that >95% of Hg analyzed in fish tissue is the methylated form. While it is clear that the majority of Hg accumulated in
adult predatory fish is MeHg, THg may not be an appropriate measure
of MeHg in juvenile or small-bodied forage fish, which have had less
time to accumulate MeHg. Furthermore, it is likely that benthivorous
fish such as suckers (Catostomus spp.) accumulate MeHg more slowly
when compared to predatory fish that become piscivorous early in their
life. This study provides the first assessment of how the ratio of MeHgto-total Hg (%MeHg) changes based on fish age, size, feeding ecology,
and growth rates. To examine a range of species with differing niches,
this study will analyze [MeHg] and [total Hg] in three large-bodied species (walleye, Sander vitreus; pike, Esox lucius; white sucker, Catostomus
commersonii), and two small-bodied species (trout-perch; Percopsis omiscomaycus, sculpin; Cottoidea spp.) across and age/size range. These fish were
collected for a larger Hg monitoring project in the remote Attawapiskat
Drainage Basin in Ontario, Canada. Currently, fish are being analyzed
for total Hg and MeHg at the Western University Biotron Laboratory in
London Ontario using atomic spectroscopy; analysis will be performed
on the same sample extract, reducing the influence of Hg variability in
subsampled tissue and methodological/analytical differences. This study
will compare mean MeHg concentrations and proportions in fish and
assess the relationship between diet and/or size with %MeHg. This study
will also elaborate on the idea of tissue-dilution and compare [MeHg]
and %MeHg between muscle and whole body homogenates of largebodied walleye and white suckers. We expect that forage fish (i.e., trout
perch and sculpins) will have a lower maximum %MeHg due to shorter
life spans and feeding ecology. We further hypothesize that benthivorous white suckers will reach their maximum %MeHg later in life when
compared to piscivorous walleye and pike due to a higher proportion
of inorganic Hg in their primary food source, benthic invertebrates.
Overall, these results hold potentially major implications for the processing and understanding of Hg concentrations in fish and the assessment
of MeHg biomagnification through food webs.
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TP030 The impacts of water chlorination, dechlorination and other
chemical use practices on mercury mobility at a mercury spill site
D. Watson, Environmental Sciences Division; B. Lester, Oak Ridge
National Laboratory; C. Miller, Troy Univ; M.J. Peterson, Environmental
Sciences Division
In Oak Ridge, TN, the DOE Y-12 National Security Complex (Y-12
NSC) used 11 million kg of liquid mercury (Hg(0)) between 1950 and
1963 for lithium isotope separation and large quantities of Hg released
during this period still remain in soils and sediments. A system of
subsurface drains provide avenues for rapid transport of Hg to offsite
locations through surface water, however, the impacts of chemical use
and industrial discharges on the forms and mobility of mercury are not
well understood. The Hg(0) found in the Y-12 storm drains is exposed
to some anthropogenic chemicals on a continuous basis while other
chemicals are only discharged episodically. Chlorine (up to 3.4 ppm),
dechlorination chemicals and steam plant corrosion inhibitors are
released on a continuous basis. Treatment chemicals from cooling tower
blowdown water are only used and discharged on an intermittent basis,
primarily in the hot weather. Many of these continuous and intermittent
use chemical discharges have the potential to impact the form and flux
of Hg to surface water. We conducted preliminary field sampling and
laboratory batch experiments to assess the impacts of chlorination and
dechlorination chemicals on the release of dissolved Hg from beads of
Hg(0). We determined that simply exposing beads of Hg(0) to tap water
containing residual chlorine (~2 ppm) increased the concentration of
dissolved Hg by >66 times that of Hg(0) beads exposed to DI water or
tap water dechlorinated using UV light and carbon filtration. Chemical
dechlorination of the tap water with ascorbic acid resulted in similar
dissolved Hg concentrations to the DI water treatments but treatments
using ammonium bisulfite and Na-thiosulfate resulted in >10 and >20
times dissolved Hg concentrations, respectively. Our preliminary testing
suggests that the surface water flux of Hg from the Y-12 NSC might be
reduce significantly if chlorine and other chemicals are removed using
the appropriate chemical treatments prior to discharge to the Hg contaminated storm drains.
TP031 Mercury loading from floodplain soils in a southern
Appalachian watershed
J. Dickson, M.A. Mayes, S.C. Brooks, Oak Ridge National Laboratory
/ Environmental Sciences Division; D. Watson, Environmental Sciences
Division; T.L. Mehlhorn, Oak Ridge National Laboratory / Environmental
Sciences Division; M.J. Peterson, Environmental Sciences Division; E.M.
Pierce, Oak Ridge National Laboratory / Environmental Sciences Division
Significant contamination of downstream soil, sediment, water, and biota
occurred due to industrial releases of ~128,000 kg of mercury into the
headwaters of East Fork Poplar Creek (EFPC) in Oak Ridge, Tennessee
from 1950 to 1963 (Brooks and Southworth, 2011). Because the level
of mercury concentration in fish is considered a potential health hazard
to humans and wildlife, EFPC is classified as an impaired water body.
Despite targeted remedial actions in the 1980s to address legacy sources
of mercury from the point source and in floodplain soils, downstream
bioaccumulation and magnification persist in fish and tend to increase
with distance from the point source. Soils and sediments downstream of
the point source account for over 80% of annual mercury export to the
watershed, suggesting an important influence on mercury bioaccumulation in the aquatic system. There is lack of site-specific information on
erosion patterns of floodplain and bank soils, and on mercury and methyl
mercury concentrations in the soils along the entire reach of EFPC. Our
field and laboratory investigations are directed at systematic characterization of EFPC bank and floodplain soils for bioavailability, mercury and
methyl mercury concentrations, soil properties including particle size,
Atterberg limits, C-N-S and organic C content, pH, and susceptibility to
erosion. Current monitoring and research efforts are helping to reshape
our understanding of the watershed conceptual model for secondary
mercury sources and to develop alternative and ecologically-sensitive
approaches that mitigate mercury fluxes while avoiding large-scale soil
removal.

TP032 Influence of reservoir water level fluctuations on sediment
methylmercury concentrations downstream of the historical Black
Butte mercury mine, OR
J. Goulet, USEPA; T.P. Luxton, Office of Research Development; C. Eckley,
USEPA - Region 10; J. McKernan, J. Goetz, USEPA
Throughout North America, reservoirs tend to have elevated methylmercury (MeHg) concentrations compared to natural lakes and rivers. This
impact is most pronounced in newly created reservoirs where methylation
is fueled by the decomposition of flooded organic material, which can
release Hg and enhance microbial activity. Much less is known about
the longer-term water-level management impacts on Hg cycling in older
reservoirs. The objective of our study was to understand the role of ongoing water-level fluctuations on sediment MeHg concentrations and
sulfur speciation within a reservoir 75 years after initial impoundment.
The study was performed at the Cottage Grove Reservoir located 15 km
downstream of the historical Black Butte Hg mine. For 8 months each
year, the water level is lowered resulting in roughly half of the reservoir’s
sediment being exposed to the atmosphere. Water samples from the
inflow, water-column, outflow, and sediment were collected seasonally over a year for total-Hg, MeHg, and several ancillary parameters.
The results showed that conditions in the reservoir were favorable to
methylation with a much higher %MeHg observed in the outflowing
water (34%) compared to the inflow (7%) during the late-summer. An
anoxic hypolimnion did not develop in the reservoir indicating that
methylation was predominantly occurring in the sediments. In the sediments subjected to seasonal inundation, MeHg production was highest
in the top 2cm of the sediments and declined with depth. The seasonally
inundated sediments also had significantly higher methylation activity
than the permanently inundated area of the reservoir. Oxidizing conditions in the sediments during periods of exposure to air resulted in an
increase in sulfate concentrations which likely stimulated SRB methylation following the raising of the water levels. In contrast, the sulfur in
the permanently inundated sediments was all in a reduced form (sulfide)
and sulfate remained below detection throughout the year. Overall, our
results indicate that reservoir water level fluctuations can affect sediment
redox conditions and enhance MeHg production. This process can result
in a continued elevation of MeHg concentrations in older reservoirs after
the initial impact of landscape flooding has subsided.
TP033 Profiles of gut microbiota and methylmercury biomarkers
among trimester 3 pregnant mothers
S. Rothenberg, Univ of South Carolina / Environmental Health Sciences; S.
Keiser, Greenville Health System; A. Johs, Oak Ridge National Laboratory;
N. Ajami, Baylor College of Medicine
It is well known that microbes modulate the speciation and toxicity of
mercury. However, there are few studies characterizing maternal gut
microbiota and fetal methylmercury exposure. Our objectives were
to determine 1) associations between mercury species in biomarkers
(maternal stool and hair) and gut microbial taxa, and 2) the contribution of microbial mercury methylation to stool methylmercury. Pregnant
women (36-39 weeks gestation, n=17) were recruited from Greenville
Health System (South Carolina, USA), who donated hair and stool
specimens, and cord blood was collected for a subset (n=7). The diversity
of gut microbiota was determined using 16S rRNA gene profiling (n=17).
For 6 stool samples with highest/lowest stool methylmercury concentrations, metagenomic whole genome shotgun sequencing was employed to
search for mercury methylation genes, including HgcA. Maternal hair
total mercury and cord blood methylmercury were strongly positively
correlated; however stool methylmercury was not significantly correlated
with either biomarker, suggesting stool methylmercury did not contribute directly to fetal methylmercury exposure. Seven (of 21) bacterial
genera (>1% relative abundance) were significantly correlated (increasing
or decreasing) with stool methylmercury, stool inorganic mercury, or hair
total mercury. Aside from one genus, there was no overlap among bacterial genera between biomarkers. For 6 stool samples, including 3 with
the highest stool methylmercury concentrations, there were no definitive
matches for HgcA. Proportional differences in stool methylmercury were
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not likely attributed to mercury methylation by gut microbes. Results
suggested gut microbes affected methylmercury metabolism using other
metabolic pathways, aside from biotransformation of inorganic mercury.
TP034 A comparison of mercury biomagnification through lake food
webs supporting brook trout and other fishes
M. Finley, K.A. Kidd, Univ of New Brunswick; G.L. Lescord, Laurentian
Univ / Boreal Ecology; M. Clayden, Univ of New Brunswick Saint John;
N.J. O’Driscoll, Acadia Univ / Dept of Earth and Environmental Science
Mercury (Hg) biomagnification through aquatic food webs is estimated
from regression slopes of biotic log-Hg concentrations versus nitrogen
isotope values (d15N; expressed as trophic magnification slopes - TMS).
TMSs are known to vary in relation to physical and chemical characteristics of ecosystems, on both regional and global scales. However,
the mechanisms behind these relationships are not yet understood, and
some variables (e.g., nutrient concentrations) have been shown to have
opposite influences on TMS values in different groups of lakes. Principal
component analysis (PCA) have been used in combination with multiple
regression modeling to understand which physico-chemical variables
are related to Hg TMS values among regional ecosystems, but this
statistical approach has not been tested on a larger group of food webs.
In this study, we examined Hg TMS values through five lake food webs
supporting brook trout (Salvelinus fontinalis) in New Brunswick, Canada.
Methyl Hg (MeHg) TMS values ranged from 0.128-0.207 across lakes,
and overlapped with those from other temperate and Arctic lakes. We
then combined results from the brook trout lakes with comparable data
from food webs supporting other fishes across Canada (Arctic char – S.
alpinus, lake trout – S. namaycush, and yellow perch – Perca flavescens) to
determine whether lake physico-chemical characteristics were related to
Hg TMS values across a larger number of systems (n = 36 lakes). Results
indicate that a combination of longitude, lake depth and cation concentrations (grouped by PCA) positively predicted the TMS across lakes
(multiple regression, R2adj = 0.153, p = 0.025). However, when food
webs supporting different top predator fishes were examined separately,
the direction of these relationships differed (e.g., r = -0.89 and p = 0.008
for yellow perch food webs, r = 0.62 and p = 0.033 for lake trout food
webs). Overall these results suggest that Hg biomagnification is influenced by system characteristics but that the degree of influence is not
necessarily broadly consistent.

Assessing Contaminant Effects in Multistress Ecosystems
TP035 Using the American Bullfrog (Rana catesbeiana) as a Model to
Evaluate for Long Term Effects of Waste Water Effluent on Growth
and Development
T. Sutton, T. Wilson, Northern Arizona Univ; M. Shuman-Goodier,
Northern Arizona Univ / Dept of Biological Sciences; C.R. Propper,
Northern Arizona Univ
Exposure to wastewater effluent (WWE) during critical points in
development has adverse effects on normal physiological outcomes
via disruption of hormonal function. This research addressed several
developmental parameters in the American bullfrog (Rana catesbeiana)
originating from two variable aquatic environments and their respective
physiological responses to pollution and remediation. Pre-metamorphic
tadpoles were collected from a reference site receiving minimal human
exposure and a municipal WWE receiving site. In a reciprocal transplant
experiment half of the tadpoles from each group stayed in their original
water, while the others were exposed to water from the other site for
43-45 days. At the end of the exposure period morphological measurements were recorded and tail, liver, intestinal and gonadal tissues were
collected for evaluation of amplicon abundance of key genes associated
with gonadal differentiation and thyroid hormone-driven development.
Differences among treatment groups for all parameters were evaluated
via Kruskal Wallis test. Significant differences in morphology and gene
amplicon abundance were found between populations originating from
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the two water sources. Specifically, tadpoles from the reference site were
smaller in size, had lower thyroid hormone sensitive gene amplicon
abundance and lower levels of global gene methylation patterns when
compared to animals from the WWE receiving site. Further, exposure
to a new water source induced significant changes in many end-point
outcomes. Tadpoles from the reference site exposed to WWE were
smaller in size, further along in metamorphosis and had shifts in gene
amplicon abundance relative to those that remained in the reference site
water. Tadpoles from the WWE receiving site placed in reference site
water showed lower global methylation levels compared to animals that
remained in WWE and had higher amplicon abundance for thyroid
hormone receptor β in the intestine. Our results suggest that aquatic
vertebrates developing in an environment with exposure to municipal
treated wastewater effluent do not have the same developmental outcomes as those living in less impacted waters. Our results also suggest
that long-term exposure to municipal wastewater effluent resources lead
to phenotypic plasticity at both a molecular and morphological level possibly allowing for better adaptability in organisms encountering chronic
exposure to pollution.
TP036 Genotoxic Damage From Detergent Exposure
P. Abara, Federal Univ of Technology Owerri / Dept of Biological Sciences;
U.A. Ibiam, Ebonyi State Univ / Dept of Biochemistry; A.C. Udebuani,
Federal Univ of Technology Owerri / Biotechnology
Laundry detergents have been put into other uses. They are now used
for washing fruits, boiling eggs and also added into fermenting cassava (used for making fufu), to quicken the softening of the cassava. The
genotoxic effect of two popular detergents was carried out in albino wistar
rat (Rattus norvegicus) using micronucleus (MN) test. Eighty albino rats
procured from the animal house of the University of Nigeria, Nsukka,
Nigeria were used. Three treatment concentrations (1.0 g/kg body weight,
2.0 g/kg body weight and 3.0 g/kg body weight) were used and rats were
exposed to the said concentrations for 100 days by oral gavage. Samplings
were done at intervals of 30 days, 60 days and 100 days for assessment of
MN frequencies. The result obtained was subjected to analysis of variance. In general, significant effects (P < 0.001) from both concentrations
and time of exposure were observed in exposed rats. The MN induction
was highest at 3.0 g/kg body weight concentration in the bone marrow
erythrocyte. This study showed that laundry detergent has the potential of
causing genotoxic damage and that care should be taken in its use.
TP037 Risk assessment of multiple stressors on macroinvertebrate
communities in Mediterranean rivers
M. Kuzmanovic; J.C. López-Doval, Univ of São Paulo / Depto de Ecologia
Laboratorio de Limnologia; N. De Castro, Ecology; I. Muñoz, Univ of
Barcelona / Ecology; M. Petrovic, ICRA; A. Ginebreda, CSIC - Spanish
National Research Council / Dept of Environmental Sciences; D. Barcelo,
IIQAB-CSIC / Dept Environmental Chemistry
Aquatic ecosystems are impacted by a variety of stressors, including
organic and inorganic pollution, excess input of nutrients, increased
salinisation, geomorphological alterations, land use changes, hydrological
stress, invasive species and pathogens. As a consequence, the biodiversity
decline is one of the greatest ecological problems nowadays. However,
little is known beyond the described effects of single stressors on specific
ecological endpoints and our understanding of the main causes for the
losses of biodiversity still remains vague In this study assessed the ecological risk in four Iberian river basins, including organic compounds metals,
nutrients, several physic chemical properties of the rivers and the major
land use types. The dataset was obtained from the Spanish SCARCE
Consolider project. It included more than 200 pollutants (organic and
metals), nutrients and biological data sampled at 77 sites along 4 river
basins. The chemical data was transformed into toxic units (TU) to
evaluate ecotoxicological risk of the compounds by dividing the measured
concentration of chemical with the corresponding toxicity threshold (for
algae, invertebrates and fish). Four different biological metrics were calculated. Shannon and Margalef general biodiversity indexes and trait based,
stressor specific SPEcies At Risk (SPEAR) index for; organic compounds
(SPEARorganic) and salinisation (SPEARsalinity). Determination of the
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relationship between the risk of multiple stressors and aquatic macroinvertebrate biological community responses was examined by multivariate
statistics. Risk maps were created in ArcMap. There was risk of multiple
stressors present at the majority of the sampling sites. The highest overall
risk was at sites surrounded by agricultural lands or/and urban zones
which contributed to high input of nutrients and toxicants. Both organic
micropollutants (particularly pesticides) and heavy metals significantly
contribute to acute ecotoxicological risk. However, general biodiversity
decrease was associated with urban land use (i.e., urban areas related
multiple stressors). No significant correlation was found between organic
pollutants and biodiversity indexes. But, the decline of sensitive species
based on SPEARorganic was significantly correlated with the increase of
organic load quantified in toxic units.

Spatial and Temporal Trends of Classical and
Emerging Pollutants in the Environment and
Biota
TP038 A Consequence of Train-Based Transportation: Exposure and
Effects of Rail Traffic on Lichens During a Five-Month Exposure
J.E. Meyer, Western Washington Univ / Environmental Science Toxicology;
R. DeWitt, Western Washington Univ / Environmental Science; R. Sofield,
Western Washington Univ
The proposal to construct the Gateway Pacific Terminal is currently
undergoing an environmental impact statement process. If approved,
this multi-use terminal will be constructed roughly 10 miles north of
Bellingham WA, and will function as the largest coal port in North
America. Coal and other freight will be transported to the terminal via
rail. Currently there is little research as to the biological effects of trainspecific air pollution. Lichens have been widely used in air pollution
studies since the 1970s. In this project, the well-studied and air pollution-tolerant lichen species, Ramalina farinacea was chosen. Lichens were
collected from an area of relatively low air pollution and deployed along
the main rail corridor near Bellingham, WA. The lichens were deployed
in 3 transects of increasing distance from the tracks. Sub-samples were
collected each month to allow for examination of both spatial and temporal trends. Analyses were performed to detect the extent of exposure,
and the magnitude of effect. Evidence of exposure was examined by
(1) analyzing elemental content in the tissue of exposed lichen using
ICP-MS; (2) detecting and identifying individual particulates using a
scanning electron microscope in conjunction with backscatter electron
screening and energy-dispersive X-ray spectroscopy; and (3) measuring
particulate matter concentration in the air using a Dusttrak DRX 8533
aerosol monitor. Evidence of effect was examined by (1) evaluating the
integrity of the photobiont chlorophyll by measuring the ratio of optical
density at wavelengths 435 nm and 415 nm; (2) evaluating membrane
stability by measuring electrolyte leakage; (3) evaluating oxidative stress
by measuring malondialdehyde concentration; and (4) performing a community analysis of air pollution-sensitive lichen species along the tracks.
Temporal data were analyzed using an ANOVAR design. Elevated
concentrations of iron and chromium were detected in lichen samples
closest to the tracks. The concentrations of these heavy metals decreased
with distance from the track. SEM-EDAX imagery showed elevated
levels of iron particles on lichen samples closest to the tracks. Evaluation
of air monitoring data during train events suggests a decrease in total
particulate matter with an increase in distance from the tracks. Results
regarding the biological effects of this exposure will be presented.
TP039 Bisphenol A contamination levels in selected wastewater and
river water samples from Kentucky and Georgia, USA
S. Aljali, Murray State Univ / Chemistry and Watershed Studies Inst; K.S.
Sajwan, Savannah State Univ / Dept of Natural Sciences; B.G. Loganathan,
Murray State Univ / Dept of Chemistry Watershed Studies Inst
Bisphenol-A (BPA), 2,2`-bis-(4-hydroxyphenyl) propane is a man-made
organic compound and a well-known endocrine disruptor that alters

the function of endocrine system by mimicking the role of the body’s
natural hormones. BPA has been used widely in the manufacturing of
polycarbonate plastics and epoxy resins such as linings of canned food and
beverage containers. Because of the widespread use of BPA, environmental contamination has occurred leading to exposure and harmful effects
on wildlife and humans. The objective of the study was to determine the
levels of BPA in sewage and river water samples using GC-MS and elucidate distribution, and evaluate the role of wastewater treatment plants as a
source of BPA to the receiving waters. The results revealed that measurable concentrations of Bisphenol-A were found in the Murray Wastewater
Treatment Plant samples, Bee Creek, and Clarks River samples. Among
the various samples analyzed, Murray Wastewater Treatment Plant influent samples contained relatively higher concentration of Bisphenol-A than
other samples. Measurable amount of BPA in effluent waters indicate that
the wastewater treatment process did not remove BPA during the treatment process. Murray Wastewater Treatment plant effluent waters seem
to be a minor source of BPA to Bee Creek River and Clarks River. BPA
was barely detected or not detected (below detection limit) in wastewater
treatment samples from Savannah, GA.
TP040 Per- and Poly-Fluoroalkyl Substances and Temporal Trends
and in Relation to Diet in Polar Bears From Canadian Arctic
Subpopulations in Hudson Bay
R.J. Letcher, Environment Canada / Ecotoxicology and Wildlife Health
Division; M. Dyck, Government of Nunavut / Nunavut Dept of the
Environment; G. Boisvert, Carleton Univ / Chemistry; A.T. Fisk, Univ of
Windsor / Great Lakes Inst for Environmental Research
Persistent organic pollutants (POPs) are transported to the Arctic and
bioaccumulate in biota and wildlife. (Re)emerging POPs include increasingly complex exposure to per-/poly-fluoroalkyl substances (PFASs).
The polar bear (Ursus maritimus) is the apex predator of the arctic marine
ecosystem and food web. Bioaccumulative PFASs such as PFOS and
other perfluorinated sulfonic acids (PFSAs), and perfluorinated carboxylic acids (PFCAs), are now well-known in Arctic biota including in
the tissues of bears from circumpolar subpopulations and those animals
from the Arctic POP “hotspots” of Hudson Bay (Canada) and East
Greenland. In the present study, in 2014-collected liver samples showed
that PFCAs were mostly the C9-C11 congeners with the PFNA (C9)
dominating. In addition to PFOS, the C6 PFSA and several “Pre-FOS”
precursors were quantifiable at low levels e.g., N-EtFOSA and FOSA.
Also, low ppb concentrations of the C4 perfluorobutane sulfonamide
(FBSA) were detected in polar bear liver, although no corresponding
perfluorobutane sulfonic acid (PFBS) was detectable in any liver sample.
Perfluorobutane carboxylic acid (PFBA) was measureable at low ppb levels with almost 100% frequency in all western and southern Hudson Bay
bear livers. The cyclic analogue of PFOS, perfluorooctane-4-ethylcyclohexane sulfonic acid (PFEtCHxS; PFOS replacement) was quantifiable
in all Hudson Bay bear liver samples. Stable isotope (SI) ratios of carbon
and nitrogen are routinely used as ecological tracers of food web primary
production and trophic level, respectively, to assess the influence over
time of shifting diet and food web structure on contaminant levels in the
tissues of exposed wildlife. In this study, such isotope tracers are being
explored in relation to temporal trends of PFASs in Hudson Bay bears.
Even though the concentrations were uncorrected for e.g., age, sex and
diet (using SIs), between 2007 and 2014 the mean concentrations of
SumPFCAs and PFOS in Hudson Bay polar bear liver was continually
very high and comparable to SumPCB and SumCHL concentrations
in adipose tissue as exemplified for 2014 bear samples. However, PFOS
and SumPFCA levels appeared to be neither increasing nor decreasing
and there was no clear trend for the period of 2007-2014, and despite C8
chemistry phase-out around 2002. This stresses the importance of PFCA
and PFOS precursors as sources, which are transported to the Arctic
and/or degraded in bears and/or their prey/food web.
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TP041 Spatial and temporal trends of flame retardants in ringed seals
from the Canadian Arctic
M. Houde, Environment Canada / Centre SaintLAurent; X. Wang,
Environment Canada; S.H. Ferguson, Fisheries and Oceans Canada; D.C.
Muir, Environment Canada / Aquatic Contaminants Research Division
The ringed seal (Phoca hispida) is the most abundant Arctic pinniped
with a circumpolar distribution. This species has been a key biomonitoring animal for the Canadian government to examine spatial and
temporal trends of persistent organic pollutants including flame retardants. Ringed seal sampling has been on-going since mid-1990s to early
2000s with the help of hunter and trapper committees in Arctic communities. Concentrations of polybrominated diphenyl ethers (PBDEs)
and alternative flame retardants were analyzed in seal blubber from
these aboriginal hunts. Archived samples from environmental specimen
banks were also available for chemical analyses. Results indicated that
the highest ΣPBDE concentrations (sum of congeners 17, 28/33, 47, 49,
66, 85, 99, 100, 153, 154, 183, 190) were found in Nain and Ungava Bay
located in the eastern part of the Canadian Arctic. The lowest concentrations were found in seals from the western and central Canadian Arctic
archipelago (i.e., Sachs Harbor, Gjoa Haven, and Resolute). BDE-47
was the predominant congener quantified in ringed seals. ΣPBDEs have
generally increased from 2002 to 2012 in the southern Beaufort Sea and
in Lancaster Sound but are declining in Hudson Bay, although this latter
trend is not statistically significant. Detailed concentration curves from
other Canadian locations indicate peaks in the mid-2000s, but current or
recent concentrations still exceeded those of the early 1970s. Increasing
concentrations of 1,2-bis(2,4,6-tribromophenoxy)-ethane(BTBPE),
a replacement product of octaBDE, and hexabromocyclododecane
(HBCD) have been observed in seal blubber. Overall, the time series
indicate peaking concentrations between approximately 2000 and 2005
which precedes the global ban of penta- and octaBDE now included in
the Stockholm Convention. The lack of the declines at some locations
however suggests continued inputs of existing and emerging flame retardants in the Canadian Arctic environment.

Aquatic and Terrestrial Plants in
Ecotoxicology and Risk Assessment
TP042 Chlorophyll fluorescence spectra of beans grown under various light intensities
O. Kalmatskaya, V.A. Karavaev, Lomonosov Moscow State Univ / Faculty
of Physics
The intensity and shape of the fluorescence spectra of plant leaves are
able to provide the information about functional activity of the photosynthetic apparatus and general physiological condition of the plant.
These spectra typically contain two broad maximum at 680-690 nm
and 720-740 nm. The intensity of the fluorescence bands influenced
by factors such as the chlorophyll content, the photosynthetic activity,
and the leaf ’s optical properties. The fluorescence spectra of the leaves
of beans Vicia faba L. (variety “Black Russian”) were investigated under
different light conditions of plants cultivation. Fluorescence spectra were
measured using a spectrofluorometer Solar CM 2203. The leaf separated
from a stem was placed in a holder and illuminated with blue light (450
nm) within 70 seconds to standardize the experimental conditions.
Thereafter, the sample was kept in the dark for 5 minutes and then the
same light was turned on and fluorescence spectra were recorded. The
registration of the spectrum was about 60 seconds. Induction fluorescence changes (fluorescence quenching) manifested itself as decrease
of intensity at 685 nm (F685) and 740 nm (F740) during the transition
from initial to stationary fluorescence spectrum. In addition increase of
ratio F740/F685 probably associated with the redistribution of excitation energy in favor of the photosystem II was observed. While reducing
light intensity of cultivation plants relative quenching of fluorescence was
decreased and at very low intensities was almost absent. This indicates
a gradual decrease of the photosynthetic activity per chlorophyll with
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lowering illumination of plants. This technique of fluorescence spectra
registration allows to use several indicators characterizing the functional
activity of the photosynthetic apparatus of plants.
TP043 Evaluation of laboratory and mesocosm algal studies: How do
no observable effect concentrations compare?
B. Glenn, Bayer CropScience; S.P. McGee, Bayer CropScience LP /
Environmental Health Sciences; T. Hall, Bayer CropScience / Environmental
Toxicology and Risk Assessment; E. Bruns, Bayer CropScience AG / BCS
D ETX Ecotoxicology; A. Solga, Ecology; A. Weyers, Bayer CropScience /
Environmental Safety Ecotoxicology; L.L. Lagadic, Bayer CropScience /
Environmental Safety
OCSPP 850.4500, OCSPP 850.4550, and OECD 201 are standard
algal toxicity testing guidelines used to generate data with multiple
algal species in support of pesticide registration in the US and Europe.
In the context of the EPA, the risk assessment paradigm for aquatic
plants includes four algal species, Pseudokirchneriella subcapitata (freshwater green alga), Anabaena flos-aquae (cyanobacteria), Skeletonema
costatum (marine diatom), and a freshwater diatom (typically Navicula
pelliculosa),in addition with the aquatic vascular plant, Lemna gibba.
These five species serve as the basis for estimating potential risk to the
aquatic plant population and communities. The protection goals are
established on the EC50, which is the concentration of test material that
results in a 50% inhibition of growth rate for OECD, and the inhibition of growth rate, cumulative biomass, or yield for the USEPA. In
addition to 50th percentile effects, the no observable effects concentration (NOEC) will be used within the US Endangered Species Act risk
assessment in regards to listed species. The NOEC is defined as the
highest test concentration that does not result in a statistically significant
inhibition when compared to the appropriate control group. For each
guideline study, a single test design is used to capture both a NOEC and
EC50 effect level with ideally up to 90% inhibition levels. Often, this
is difficult due to lack of toxicity, shallow dose-response curves, and/
or solubility issues with the traditional guideline setup of 5 concentrations. In an effort to capture NOEC and EC50 effect levels within the
same test design, test variability of each alga species was determined in
multiple lab-based studies. Green algae and diatom tests resulted in low
variability and correspondingly very high statistical power. This led to
No Observed Effect Concentrations (often < 1% inhibition) with questionable ecological relevance. These findings support the need for further
investigation on effects thresholds with an ecological relevance. The
comparison of lab based data to higher tier studies (e.g., cosm studies)
was used to define ecologically relevant NOEAEC levels (no observable
ecologically adverse effects concentrations) for nonvascular aquatic plant
species. The NOEAEC levels considered existing protection goals for
nonvascular aquatic plants that are focused on the population of species
or communities that have high potential for recovery.
TP044 Evaluation of Sulfide Toxicty to Wild Rice Using a
Laboratory-based Hydroponics Study Design
S. Hall, Ramboll ENVIRON / Water Quality and Ecotoxicology; D. Fort,
M. Mathis, Fort Environmental Labs, Inc.; R. Walker, L. Tuominen, M.
Hansel, Barr Engineering Co; K. Anderson, ALLETE Energy
A 21-day daily-renewal hydroponic study was conducted to evaluate
sulfide toxicity to wild rice (Zizania palustris) and the potential mitigation of sulfide toxicity by iron. To maintain stable sulfide concentrations
and suitable water quality for wild rice, the hydroponic design used
hypoxic test media for seed and root exposure and aerobic headspace
for the vegetative portion of the plant. Test concentrations were 10, 50,
100, 250, and 400 µM sulfide in test media with 0.8 mg/L total Fe.
To evaluate the impact of iron on sulfide toxicity, two additional iron
concentrations of 2.8 and 10.8 mg Fe/L were evaluated by concurrent
administration with the sulfide. Sulfide concentrations in the test solutions were measured prior to and following each daily media renewal
using an ion-selective probe. Visual assessments (i.e., no plants harvested) of the following endpoints were conducted at study day (SD) 10
following dark-phase exposure: seed activation, mesocotyl emergence,
seedling survival, and phytoxicity. Each treatment was also evaluated
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for time to 30% emergence (ET30), total plant biomass, root and shoot
lengths, and signs of phytotoxicity at study conclusion (SD 21). Results
from this study indicated that exposure of developing wild rice to sulfide
at ≥250 µM sulfide/L reduced mesocotyl emergence. Sulfide toxicity was
mitigated by the addition of iron at2.8 and 10.8 mg Fe/L relative to the
control value of 0.8 mg Fe/L, demonstrating the importance of iron in
mitigating sulfide toxicity to wild rice.
TP045 Review of Multispecies and Field Testing in Assessing Risk of
Chemicals to Non-Target Plants in Agricultural Landscapes
H.O. Krueger, Wildlife International, Ltd. / Aquatic Plant and Insect
Toxicology
The registration of Plant Protection Products (PPPs) in the EU is under
Regulation 1107/2009, which recommends a tiered approach to assessing
the risk to non-target terrestrial plants (NTTPs). The tiered approach
states that extended laboratory, semi-field and field studies may be
conducted. A literature search was performed to pull together information and make recommendations on how multispecies studies and field
studies can be used in a tiered approach to evaluate risk to non-target
terrestrial plants. This project was part of a SETAC endorsed technical workshop on Non-Target Terrestrial Plants with funding by ECPA
in April 2014 at Wageningen, NL. Field studies or other multispecies
studies are larger scale experiments that maybe used to answer specific questions that arise from guideline laboratory studies or incidents
observed on the landscape and reported to companies and regulators.
However, there is limited experiences and a lack of standardization of
multispecies and field studies which pose several challenges. There is
a need to clarify the role of such studies and when they are appropriate to address a regulatory question or outcome. The purpose of this
review is to present types of approaches that may be used in field and
multispecies studies and describe how such studies may be conducted.
Recommendations have been made that may aid in preparation of risk
assessment guidelines.
TP046 Seagrass biomarkers baseline in the Petenes Biosphere
Reserve
P. Ramirez Romero, UAM Iztapalapa / Hidrobiologia; L. Elizalde
Ramirez, I. Arellano Lopez, C. Bastidas Bonilla, S. Palancares Garcia,
M. Gallegos Martinez, Univ Autonoma Metropolitana Iztapalapa /
Hydrobiology
Seagrasses are a fundamental part of coastal wetlands due to the many
ecological services they provide, therefore monitoring these ecosystems is
very important to identify their communities dynamics and the consequences of climate change and human impacts. Evaluating biomarkers
in these aquatic plants increases their usefulness as bioindicators because
the chances of early detection of human impacts are enhanced. The
Petenes Biosphere Reserve has recently been identified as the largest and
better preserved seagrass community in Mexico, so research efforts have
been launched to protect it. The objective of the present work was to stablish a biomarker baseline for the Petenes seagrass (Thalassia testudinum)
community. Concentrations of chlorophylls, carbohydrates, proteins,
phenols and oxidate stress were measured in a grid that included 18 different sites where seagrasses were sampled in the rainy and dry seasons.
Biomarkers varied with season, depth and distance to human activities.
We recommend environmental authorities to continue monitoring this
ecosystem to establish the biomarkers variability to look for anomalies
and also for future reference in case of an oil spill or other human impact
in the area.
TP047 Statistical Assessment of Chemical Mixtures
C. Teel, DuPont
Statistical techniques play an integral role in the process of identifying
mixture products and optimizing their performance. By using appropriate statistical methods, interactions of various mixture components
can be assessed. The type of interaction and the significance of the
interaction can be identified. Moreover, these methods turn data into
information so that biologists can determine the optimized mixing

ratio to achieve the best pest control. An optimized mixture of crop
protection products will improve pest control, delay the development of
pesticide resistance, reduce the number of pesticide applications, reduce
total grower cost (pesticides, labor and fuel) and overall environmental
footprint. Two statistical methods were researched. The isobole method
was used to evaluate products mixed at fixed ratios and a response surface
model was employed to evaluate local interactions within the entire
mixture response surface. Both methods can assess individual products
with varying relative potencies when mixed together and each has their
own practical advantages. Both mixture methods have been successfully
implemented for use with fungicide efficacy data. The statistical results
have provided biologists useful guidance on narrowing down target
mixtures and planning for subsequent field trial testing.
TP048 The Impact of Variability in Non-Target Terrestrial Plant
Studies on Endpoint Selection
J.P. Staveley, Exponent; D.E. Edwards, BASF Corporation / Ecotoxicology;
J.W. Green, DuPont / Applied Statistics Group; K. Henry, NovaSource
Tessenderlo Kerley, Inc. / Ecological Sciences; M.E. Kern, Waterborne
Environmental, Inc. / Ecotoxicology; J. Nusz, Exponent
Inherent variability in non-target terrestrial plant testing is an ongoing issue with respect to the use and interpretation of these data for risk
assessment. These standardized study guidelines were initially designed
to calculate ER25 values for various effect measures, including sub-lethal
measurements of growth. Statistical differences from control groups
are often a product of natural variability, with no apparent biological
consequence associated with these differences. This can lead to a requirement to conduct tier-2 studies with some species, the appearance of
non-monotonic dose-response curves which are simply natural variability
in the data, or an assumption of risk when there are statistical differences from controls of even a few percent. This issue has recently been
associated with the requirement to generate a NOER for each study type
for use in endangered species assessments. The 2012 USEPA Ecological
Effects Test Guidelines (OCSPP 850.4100 and 850.4150) further state
that if a NOER (NOEC) cannot be determined, the dose at which
there is a 5% effect should be estimated and used instead. The attempt
to derive a NOER or 5% effect level and the associated risk assessment
conclusions drawn from these values, which may simply represent natural
biological variability, can overestimate risk. To address this concern, we
evaluated historical data from standard seedling emergence and vegetative vigor studies to determine the variability in the controls for shoot
height and shoot weight. Results were compiled for each combination of
study type, species, and effect measure. Our findings indicate the effect
level that can be reliably determined as being significantly different from
the controls for each combination of species and effect measure and by
what statistical test. In addition, we discuss the size effect that can be
estimated reliably from regression models and the uncertainties arising
from model selection.
TP049 Three methods to assess the dose-response relationship
between sulfide and wild rice (Zizania palustris): Hydroponic, outdoor
mesocosm, and field data
E. Swain, Minnesota Pollution Control Agency; J. Pastor, B. Dewey, Univ
of Minnesota Duluth / Dept of Biology; N.W. Johnson, Univ of Minnesota
Duluth / Civil Engineering; A. Myrbo, Univ of Minnesota / Dept of Earth
Sciences; P. Monson, Minnesota Pollution Control Agency / Environmental
Outcomes Division; E. Peters, Minnesota Dept of Natural Resources; D.R.
Engstrom, Science Museum of Minnesota / St Croix Watershed Research
Station
As part of a mandate to evaluate Minnesota’s sulfate water quality
standard to protect wild rice, the dose-response relationship between
hydrogen sulfide and wild rice was assessed. We found that sulfate,
while relatively nontoxic, can produce significant toxicity when converted to hydrogen sulfide in sediment. Protective sulfide concentrations
were estimated as the EC10 values from three tiers of scientific study:
hydroponic exposures in the lab, outdoor sulfate-amended mesocosms
with wild rice populations grown in natural sediment, and 112 different field sites across a gradient of sulfate concentrations. In hydroponic
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solutions, seed germination was unaffected across the assessed sulfide
concentrations, but seedling growth was significantly affected by sulfide;
the range of calculated EC10 values was 71 – 299 µg/L, depending on
sulfide exposure assumptions (the hydroponic medium was initially
anaerobic, but the seedlings photosynthesized and produced enough
oxygen to significantly decrease the sulfide concentrations between
solution renewals, which occurred every 2 to 3 days). In the mesocosm
experiment, sulfate concentrations in the overlying water were maintained at or slightly below target concentrations of 7, 50, 100, 150, and
300 mg/L. This produced a gradient of sulfide production in porewater
within the rooting zone in the sediments as measured with peepers and
Rhizons. The percent of viable seeds and number of plants that germinated declined with increased porewater sulfide. Calculated EC10 values
ranged between 121 and 288 µg/L, depending on biological endpoint
and regression method (linear sulfide vs. log-transformed sulfide). The
dose-response relationship was assessed in the 112 different water bodies that had potential wild rice habitat by a binary logistic regression of
wild rice presence/absence against porewater sulfide. The EC10 derived
from the field data was 165 µg/L (presence was defined as a minimum
of 2 stems of wild rice per square meter). The three tiers of assessment
(hydroponic exposures, mesocosm experiment, and field data) yielded
EC10 estimates that are relatively consistent with each other (all within
the hydroponic range of 71 to 299 µg/L sulfide, compared to the range of
sulfide observed in the field of 11 to 16,000 µg/L).
TP050 Combined effect of atrazine and UV-B radiations on photosynthetic activity of phytoplankton
A. Girard-Kemp, P. Juneau, Univ of Québec in Montreal / Biological
Sciences
The use of pesticides such as atrazine and the increase of ultraviolet
radiation of type B (UV-B) are environmental stressors that can affect
organisms such as phytoplankton. Since environmental stressors never
act alone in the natural environments, it is important to study the effects
caused by their combination. To better understand how this combination
affects the health of the primary producers, photosynthetic activity and
photoprotective mechanisms of a green alga and two strains of cyanobacteria were measured. We also evaluated the potential of acclimation of
the studied species to these factors. Scenedesmus obliquus and Microcystis
aeruginosa (CPCC632 and CPCC299) were exposed to 0.1µM of
atrazine and to 3 hours per day of UV-B (0.1 Wm-2 or 0.2 Wm-2) for 3
days. For M. aeruginosa (CPCC299), we noticed that the decrease (31%)
in photosynthesis caused by atrazine was amplified by 32% during UV-B
exposure, but for S. obliquus, it was amplified by more than 75%. The
synergistic effect observed for S. obliquus is caused by the modification
in the photoprotective mechanisms and the increase of reactive oxygen
species (ROS). We demonstrated that M. aeruginosa (CPCC299) and
S. obliquus possess a potential for acclimation to these environmental
stressors after 3 days of treatment, but at a different extent. The different effects found for photosynthesis and acclimation between species
can be explained by the differences in their photoprotective processes.
These results indicate that the synergistic effects of UV-B with pesticides
should be considered for the risk assessment evaluations.

Deepwater Horizon Oil Spill – Five Years
Later
TP051 Identification and Characterization of Putative Obesogens in
Crude Oil and Dispersants used in the Deepwater Horizon Oil Spill
A. Temkin, Medical Univ of South Carolina / Marine Biomedicine and
Environmental Studies; R. Bowers, Medical Univ of South Carolina /
Pathology and Laboratory Medicine; D. Spyropoulos, Medical Univ of South
Carolina / Pathology Laboratory Medicine
The obesity pandemic is associated with multiple major health concerns.
In addition to diet and lifestyle, environmental exposures to chemicals known as obesogens are predicted to promote obesity. Identifying
putative obesogens using accurate, novel and high throughput methods
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is a first step in assessing their public and environmental health risk.
We investigated the substantial environmental contamination resulting
from the Deepwater Horizon (DWH) oil spill and the use of dispersants in remediation efforts, to determine if obesogens were released
into the environment during this incident. Once identified we sought
to characterize putative obesogens using several established in vitro and
in vivo validation methods as well as novel high throughput approaches
including stem cell transcriptomic and eicosanoid (inflammatory signaling molecules) profiling. Peroxisome Proliferator-Activated Receptor
gamma (PPARγ) transactivation assays were used to identify putative
obesogens. Solid-phase extraction (SPE) was used to fractionate the
COREXIT water accommodated fraction of DWH oil (CWAF). Liquid
chromatography-mass spectrometry (LC-MS) was used to identify
components of fractionated CWAF. PPAR response element (PPRE)
activity was measured in PPRE-luciferase transgenic mice. Ligand
binding assays were used to quantitate ligand affinity. Murine 3T3-L1
preadipocytes were used to assess adipogenic induction. RNA-seq was
used to analyze transcriptional responses to DOSS exposure and chromatography/tandem mass spectrometry was used to identify eicosanome
profiles. CWAF and COREXIT had significant dose-dependent PPARγ
transactivation activities. From SPE, the 50:50 water:ethanol volume
fraction of CWAF contained this activity, and LC-MS indicated major
components of COREXIT therein. Molecular modeling predicted
several components of COREXIT might act as PPARγ ligands. Dioctyl
sodium sulfosuccinate (DOSS) was identified as a principle putative
obesogen in COREXIT by PPARγ transactivation assays, PPAR-driven
luciferase induction in vivo, PPARγ binding assays (affinity comparable
to pioglitazone and arachidonic acid) and in vitro murine adipocyte
differentiation. DOSS is a putative obesogen worthy of further basic and
clinical investigations.
TP052 Characterization of the dissolved fraction of PAH in mixtures
of water and oil used during toxicity testing as part of the Deepwater
Horizon NRDA
C.R. Lay, Abt Associates; H.P. Forth; J.M. Morris, Stratus Consulting; J.
Lipton, Stratus Consulting, Inc.; C. Mitchelmore, UMCES / Chesapeake
Biological Laboratory
From April to August of 2010, the Deepwater Horizon (DWH) disaster
released millions of barrels of oil into the Gulf of Mexico. In support of
the Natural Resource Damage Assessment (NRDA), we have conducted
over 500 laboratory toxicity tests on a variety of test species to evaluate the toxicity of DWH oil in various weathering states and mixing
regimes. Many of these tests utilized water accommodated fractions
(WAF) – mixtures of oil and water with and without the addition of the
chemical dispersant Corexit 9500 that contain both dissolved particulate
(droplet) fractions of DWH oil. In addition to bioassays, we characterized the physical and chemical properties of each WAF type used in
our toxicity testing program without biota to determine the relationship
between the dissolved and particulate (droplet) fractions. To investigate
the partitioning of PAH between the dissolved and particulate fractions, we subdivided the test media into unfiltered samples (containing
dissolved and particulate fractions) and samples passed through two
0.3µm glass fiber filters. We quantified 50 parent and alkylated PAHs in
each preparation. For each PAH analyte, we determined how dissolved
concentrations in the filtered samples increased with total concentrations in the unfiltered samples in each WAF type. We used the observed
relationship between total and dissolved concentrations to estimate the
dissolved fraction of each analyte for use in analysis of toxicity tests. We
will present the results of the WAF characterization tests, and comparisons of toxicity measurements (e.g., LC50) based on total (unfiltered) and
estimated dissolved PAH fractions to illustrate the potential contribution
of each fraction to overall toxicity.
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TP053 Status and results of the Trustee toxicity testing program
conducted in support of the Deepwater Horizon Natural Resource
Damage Assessment
J.M. Morris, J. Lipton, Stratus Consulting, Inc.; C. Lay, Stratus Consulting
- Abt Associates; M. Krasnec, Stratus Consulting Inc. Abt Associates; H.P.
Forth; R. Takeshita; D. Cacela, Stratus Consulting - Abt Associates; M.L.
Gielazyn, NOAA / USEPA Region IV; R.W. Ricker, NOAA / Office of
Response and Restoration
Since 2010, we have designed, implemented and managed the Trustee
toxicity testing program for the Deepwater Horizon (DWH) Natural
Resource Damage Assessment. This program includes over 500 toxicological bioassays and related chemical characterizations. The objectives
of the program were to determine the toxicity of DWH oil, dispersed
oil and dispersant to native species in the Gulf of Mexico. To that
end, we developed a large study matrix with over 35 species of fish and
invertebrates and a variety of lethal and sublethal endpoints. Samples
of DWH oil representing four distinct degrees of weathering and one
dispersant (COREXIT 9500) were tested through a variety of different
exposure routes including: water accommodated fractions, surface slicks
and sheens, sediment and dietary. We also investigated the effects of
additional environmental stressors including UV photo-induced toxicity. The studies were conducted by Stratus Consulting/Abt Associates
and NOAA scientists along with over 24 Principal Investigators from
collaborating university, government, and private laboratories. Analyses
of these data are ongoing but we will discuss effects levels for a range of
species, exposure chemistry, testing methods, and our meta-analysis of
this dataset to date.
TP054 Impacts of oil exposure during early life development stages in
Sheepshead minnow (Cyprinodon variegatus) under different environmental factors
D.J. Simning, R.J. Griffitt, The Univ of Southern Mississippi / Coastal
Sciences
The ecological health of many Northern Gulf of Mexico estuaries was
threatened by the Deepwater Horizon oil spill that released almost 5
million barrels of crude oil into the gulf during the summer of 2010.
During the summer months, estuarine fish are subjected to physiological stress resulting from fluctuating abiotic factors such as temperature,
salinity, and dissolved oxygen. The purpose of this project is to evaluate
theimpacts of oil exposure during early life stage development of the
sheepshead minnow (Cyprinodon variegatus) under different environmental factors. A series of exposures are being performed to identify periods
of particular sensitivity during early life stages of sheepshead minnow
(SHM). We exposed embryonic, larval, and post larval C. variegatus to
Deepwater Horizon oil for 48 hours immediately after each transition
(post-fertilization, post-hatch, and post-transformation), then placed
them into clean water, and monitored survival, gene expression, and
development indices (heartbeat, growth, etc). Exposures are performed
at a constant temperature (30°C) and at different salinities (10 and 30ppt)
and DO (2.5mg/L and >5.0mg/L) regimes. Our initial data indicates
dose dependent responses to oil toxicity during the post larval development starting at 4 days post-hatch in SHM. Lethal concentrations of
contaminated water was observed at the minimum concentration 5.9
µg/L in both the normoxic and hypoxic exposures. Effects on larval
growth rate also followed a dose dependent response to oil contaminated
water. We anticipate that determination of a critical exposure period during SHM development will indicate the potential for deleterious effects
and developmental abnormalities which can be used to predict population level effects.

TP055 Toxicity responses of killifish (Fundulus heteroclitus) embryos
exposed to saturate, aromatic, and polar fractions of Louisiana sweet
crude oil
R. Struch, Univ of California, Davis / Environmental Toxicology; B. Clark,
USEPA / Atlantic Ecology Division; C. Aeppli, Bigelow Laboratory for
Ocean Sciences; R.W. Ricker, NOAA / Office of Response and Restoration;
D.M. Champlin, A. Bertrand, I. Kirby, D.E. Nacci, USEPA / Atlantic
Ecology Division; A. Whitehead, Univ of California Davis / Environmental
Toxicology
Current models for estimating the ecological risks of oil mixtures assume
additive toxicities of polycyclic aromatic hydrocarbons (PAHs), but
recent studies suggest mixture effects depend on different combinations
of different fractions of crude oils. Some of these fractions tend to persist
in the environment for decades, but their contribution to toxicity is
not well understood. The purpose of this study is to analyze the developmental and transcriptomic responses of Atlantic killifish (Fundulus
heteroclitus) embryos exposed to whole and fractionated Louisiana sweet
crude (LSC) to discover how polarity and functional groups affect oil
toxicity. High-energy water-accommodated fractions (HEWAFs) were
prepared for animal exposures using whole LSC and 3 LSC fractions:
aromatic fraction, dominated by naphthalenes and PAHs; saturate
fraction, dominated by alkanes; and polar fraction, dominated by polar
compounds. Embryos were exposed to daily HEWAF renewals for 6
days post-fertilization (post-organogenesis) and assessed for heart rate,
in ovo ethoxyresorufin-O-deethylase (EROD) activity, developmental
abnormalities (scored as sublethal phenotypic endpoints), hatching, and
survival to 7 days post-hatching. Early-to-mid-development embryos
were also archived for genome-wide gene expression analyses. HEWAFs
produced dose-responsive sublethal developmental abnormalities and
induced in ovo EROD, but effects on heart rate were not detectable.
These results are consistent with the low concentrations of petroleum
hydrocarbons that were present in the HEWAFs. Ongoing transcriptomics analyses and toxicity tests using higher oil:seawater loading ratios,
mechanical mixing, and dispersants will provide a stronger basis to
reveal mechanistic differences between oil fractions and their potential
for long-term ecological effects.
TP056 Sorption of dioctyl sodium sulfosuccinate to Coastal Gulf of
Mexico Sediment
B. Adewale, Stony Brook Univ / Chemistry; B.J. Brownawell, Stony Brook
Univ / School of Marine and Atmospheric Sciences
Dioctyl sodium sulfosuccinate (DOSS) is a major ingredient in Corexit
9527 and 9500 dispersants used to mitigate some effects of the Deepwater Horizon oil spill. DOSS proved to be relatively persistent in
seawater and was detected in water column and sediment samples.
Sorption to suspended particles affects the distribution and fate of similarly hydrophobic anionic surfactants in saline nearshore environment.
Better understanding of DOSS sorption is important for predicting fate
in nearshore environments, and constrain interpretations or hypotheses related to the use of DOSS as a water mass tracer or the possible
mechanisms responsible for levels of DOSS detected in some sedimentary regimes, including surprisingly high levels (2-9 µg/g) at one site.
The sorption of DOSS to coastal marine sediments was determined to
characterize the effects on sorption of solution properties, DOSS concentration (1- 17,000 µg/L), and sediment properties in order to improve
predictive capabilities for DOSS speciation across a range of water
compositions. Sorption onto 12 sediments with varying combinations
of properties (e.g., organic carbon contents of 0.18 – 8.59 %) resulted in
isotherms that were most often nearly linear at more environmentally
relevant concentrations (1-200 µg/L). Total organic carbon content
was also a surprisingly good predictor of sorption with carbon normalized sorption coefficients averaging 7500 ± 2500 L/Kg. These results
suggest an important role of organic matter than determined for linear
alkylbenzene sulfonates (LAS), potentially related to well document
unique properties of DOSS at H2O/oil interfaces. In regards to effects of
solution properties, the dependence on pH was much less than described
in prior studies of anionic surfactant sorption under low ionic strength
conditions, and the increased sorption with salinity could be described
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empirically by a linear combination of the independently determined
effects of Ca2+, Mg2+, and Na+. While the importance of Ca2+ on sorption of organo-sulfonates is well recognized, the increasing importance
of Na+ with salinity at low surfactant concentrations presents questions
about the mechanism responsible. The very important effects of Mg2+
(neglected in prior sorption studies with organic compounds) was a novel
result, with implications for marine and freshwater systems, where the
Mg2+/Ca2+ is highly variable.
TP057 Interactive Effects of Mixtures of Phototoxic PAHs
B. Finch, B.A. Stubblefield, Oregon State Univ / Environmental and
Molecular Toxicology
Polycyclic aromatic hydrocarbons are ubiquitous in the environment
as components in complex petroleum crude oils and anthropogenic
processes. Specific PAHs are unique in their ability to absorb UV light,
resulting in significant increases in acute toxicity. Narcotic toxicity of
PAHs in mixtures have been demonstrated to be additive. However,
little data is available on the interactive effects of phototoxic PAHs.
Therefore the objective of this study was to determine if mixtures
of fluoranthene, pyrene, and anthracene (known phototoxic PAHs)
conform to the additive model of toxicity. Median lethal concentrations
(LC50) and time-to-death (LT50s) were calculated for mysid shrimp
(Americamysis bahia) and inland silverside (Menidia beryllina) exposed to
individual, binary, and ternary mixtures of these PAHs. Mixtures were
evaluated on a toxic unit basis to account for potency differences among
the selected phototoxic PAHs. LC50s and LT50s indicate that PAH
phototoxicity is additive. Data demonstrated differences in phototoxic
potency among the selected PAHs, with pyrene being the most phototoxic PAH, followed by anthracene and fluoranthene. Using the additive
mixture model and presenting data on a toxic unit basis will enable a
more accurate evaluation of the toxicity of complex PAH mixtures in the
environment.
TP058 Effects of Oil Spill Dispersants on Larval Development of
Grass Shrimp, Palaemonetes pugio
P.B. Key, M.E. DeLorenzo, K.W. Chung, NOAA / National Ocean Service
NCCOS CCEHBR; P. Betancourt, Florida State Univ; M.H. Fulton,
NOAA / National Ocean Service NCCOS CCEHBR
Chemical dispersants are useful tools to mitigate oil spills, but the potential risks to sensitive estuarine species and coastal ecosystems should
be carefully considered. To improve the decision making process, more
information is needed on the effects of oil dispersants on coastal ecosystems. Oil dispersants are usually composed of two major components:
nonionic or anionic surfactants that help create oil-surfactant micelles
and a mixture of hydrocarbon-based solvents that reduce the viscosity
of oil. Oil and dispersant mixing in the water column, combined with
tidal action and transport, can lead to exposure of pelagic and benthic
estuarine organisms. Two oil dispersants commonly used in North
America and Europe are Corexit® EC9500A and Finasol® OSR 52.
The purpose of this research was to determine the effects of Corexit and
Finasol on the development of grass shrimp larvae. The grass shrimp,
Palaemonetes pugio, is a key estuarine species found along the Atlantic
and Gulf of Mexico coasts of the US. Our previous research demonstrated decreased hatching success of grass shrimp embryos exposed to
Corexit and Finasol. Acute exposure thresholds for survival were determined for grass shrimp adult and larval life stages. Sublethal endpoints
were then measured after exposure to Corexit and Finasol during the
larval life cycle including survival, larval development, growth effects
and biomarker responses. Toxicity values (96h LC50) determined in
adult grass shrimp were 54.17 mg/L for Finasol and 702.41 mg/L for
Corexit. Larvae were significantly more sensitive than adult shrimp with
96h LC50 values of 18.65 mg/L for Finasol and 64.65 mg/L for Corexit.
Developmental effects data on early life stages of estuarine crustacean
species will help inform management decisions for oil-spill events in
which dispersant use may be considered.
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TP059 Effects of sediment amended with Deepwater Horizon incident slick oil on the infaunal amphipod Leptocheirus plumulosus
G.R. Lotufo, US Army ERDC / Environmental Laboratory; D.D.
Farrar, US Army ERDC / Environmental Laboratory; J.M. Biedenbach,
Environmental Laboratory; M. Krasnec, C. Lay, Stratus Consulting Inc Abt
Associates; J.M. Morris, Stratus Consulting–Abt Associates; M.L. Gielazyn,
NOAA / USEPA Region IV
As a result of the Macondo Blowout disaster, crude oil was released into
the Gulf of Mexico starting on April 20, 2010. The released oil reached
shorelines and portions of the southeastern marshland posing a potential
threat to infaunal invertebrates. Whole-sediment toxicity tests are commonly used in contaminated site assessments. Chronic whole-sediment
toxicity tests represent a larger portion of the organism’s life cycle and
directly address sublethal endpoints (e.g., growth, reproduction) in
addition to survival. The amphipod Leptocheirus plumulosus 28-d growth
and reproduction test is one of the most frequently used sublethal test
methods. To assess potential impact to infaunal invertebrates inhabiting near shore habitats affected by the Deepwater Horizon spill, we
determined the effects of field-collected MC-252 oil on the survival,
growth and reproduction of L. plumulosus. Weathered surface slick oil
collected on July 19, 2010 was spiked with non-oiled “clean” reference
(pre-screened for oil and other contaminants) sediment from Caminada
Bay, LA to create total PAH (sum of 50 PAHs) sediment concentrations
ranging from 0.3 to 24 mg/kg on a wet wt. basis. Oil-amended sediment significantly impacted amphipod survival and growth and caused a
dramatic decrease in reproduction.
TP060 Acute Exposure to a Chemically Dispersed Sweet Crude Oil
Causes Neurosensory Lesions in Brevoortia patronus and Gill Lesions
in Trachinotus carolinus
D.R. Millemann, Rutgers Univ / Environmental Science; W. Childress, E.
Chesney, Louisiana Universities Marine Consortium; R.J. Portier, D. Baltz,
Louisiana State Univ; K.R. Cooper, Rutgers Univ / Dept of Biochemistry
and Microbiology
Oil dispersants are an integral part of offshore oil spill response and during the Deepwater Horizon oil spill (DHOS), nearly 2.1 million gallons
of dispersants (COREXIT 9527 and COREXIT 9500A) were applied.
Concentrations of polycyclic aromatic hydrocarbons (PAHs) ranged
from non-detectable to 0.99 ppm TPAH in subsurface waters after dispersant application. Previously reported LC50’s include 5.4 ppm (Total
petroleum hydrocarbons (TPH); 48 hours) for Mysid shrimp and 7.6
ppm (TPH; 96 hours) for larval inland silverside exposed to chemically
enhanced water accommodated fraction of crude oil (CEWAF). The
current study compared the toxicological effects of COREXIT 9500A
CEWAF to wild caught juvenile Gulf menhaden (Brevoortia patronus)
and Florida pompano (Trachinotus carolinus). We hypothesized that the
gill and sensory tissue of Gulf menhaden would be more sensitive to
exposure based on their filter-feeding mechanism and filtration rate compared to Florida pompano. The 24 hour LC50s for Gulf menhaden and
Florida pompano were calculated to be 0.82 ppm and 2.96 ppm TPH,
respectively. Histological sections of gill, olfactory lamellae, and craniofacial lateral line were examined for lesions associated with the exposure.
Menhaden displayed a higher prevalence of olfactory and neurosensory
lesions after exposure to dispersed crude oil. Menhaden from the exposure treatment had a significant increase in hemorrhage at the base of
the olfactory lamellae compared to the control treatment (Fisher’s Exact
Test, p< 0.05). Other lesions such as the degeneration of olfactory lamellae and neuromast tissue were also more prevalent in treated menhaden.
Florida pompano did not show any significant olfactory/neurosensory
lesions in either cohort, but treated fish displayed a higher prevalence
of secondary lamellar adhesion and epithelial hyperplasia in the gills.
No significant differences in the prevalence of gill lesions were observed
between control and treated Gulf menhaden. Based on our observations,
the target organs of CEWAF exposure are different for Gulf menhaden
and Florida pompano, and mortality can occur at TPH levels reported
in the subsurface waters after the DHOS. (LDWF-LSU contract 69670;
NJAES-Rutgers NJ01201)
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TP061 In Vitro Exposure of Dolphin Lymphocytes to Louisiana
Sweet Crude Oil and COREXIT
N.D. Henry; S. Webb, Texas Tech Univ / The Inst of Environmental and
Human Health; C.A. Godard, Texas Tech Univ / Environmental Toxicology,
The Inst of Environmental and Human Health TIEHH; G. Bossart, Georgia
Aquarium; P.A. Fair, NOAA / National Ocean Service
The Deepwater Horizon oil spill was the largest accidental release of
crude oil in modern history, with more than 200 million gallons of
crude oil pumped into the Gulf of Mexico. There remains a concern of
the fate and effects of the oil and chemicals used in its cleanup, particularly in wildlife species such as the bottlenose dolphin. In this study,
immunotoxicity of Louisiana sweet crude (LSC) and the chemical
dispersant Corexit 9500A was examined using lymphocyte proliferation
(LP) and natural killer cell (NK) assays as measures of impact on the
adaptive (LP) and innate (NK) immune response on bottlenose dolphin
lymphocytes. Dolphin lymphocytes were exposed to water accommodated fractions (WAF) of LSC alone and LSC with Corexit 9500A
(CE-WAF) at concentrations ranging from 0-25g/L. Results indicate
that both T- and B-cell proliferation was increased for all concentrations of LSC, compared to control. Significant increases were noted
for the LSC concentrations ranging from 6.25-25g/L for both cell
populations. Alternatively, T-and B-cell proliferation was significantly
decreased for all concentrations of CE-WAF. Natural killer cell activity
was not impacted following exposure to LSC, however it was enhanced
significantly (p< 0.05) by CE-WAF mixtures for the 12.5 g/L and 25
g/L concentrations. This study shows that both LSC and the dispersant
Corexit 9500A in vitro exposure impact lymphocyte proliferation and
natural killer cell activity in dolphin lymphocytes. The extent to which
these impacts may modulate immune function in dolphins warrants
further investigation.
TP062 Crude oil and dispersant mixture induced reproductive and
developmental defects in Caenorhabditis elegans
Y. Zhang, East Carolina Univ; X. Pan, East Carolina Univ / Biology
As crude oil still occupies a large portion of the world energy need, the
environmental crude oil spills remain a health risk to wildlife and our
human beings. The dispersants are surfactant-like chemicals that are
used to break down big oil slicks into small droplets during oil spills
clean-up. Both the crude oil and dispersants are mixtures and the
mixture of oil and dispersant represent a well-defined environmental pollution entity that warrants the investigation of its health risks.
However, studies on reproductive effects of crude oil-dispersant mixture
and its mechanism remain insufficient. Given their conserved nature
with higher vertebrates, the nematode Caenorhabditis elegans (C. elegans)
has been used as a model organism in environmental toxicology study of
reproductive toxicity. We have reported that the oil-dispersant mixture caused reproductive toxicity during development in C. elegans. We
found that crude oil and dispersant mixture induced oogenesis defects
including more apoptotic germ cells and less oocyte volume during the
oocytes development. Here we also found that the crude oil-dispersant
mixture caused spermatogenesis defects including abnormal sperm morphology and immature spermatocytes during the sperm development.
Furthermore qRT-PCR experiments also revealed that genes related to
apoptosis and sperm properties were differentially expressed. Collectively
defects in oogenesis and spermatogenesis may lead to low fecundity in C.
elegans exposed to oil-dispersant mixture.

Ecotoxicology of Environmentally Relevant
Nanomaterial Exposures
TP063 Species Sensitivity Distributions for Engineered
Nanomaterials
K. Garner, Univ of California, Santa Barbara / Bren School of
Environmental Science and Management; S. Suh, Univ of California Santa
Barbara / Bren School; H. Lenihan, A.A. Keller, Univ of California Santa
Barbara / Bren School of Environmental Science and Management
Engineered nanomaterials (ENMs) are a relatively new strain of
materials for which little is understood about their impacts. A species
sensitivity distribution (SSDs) is a cumulative probability distribution of
a chemical’s toxicity measurements obtained from single-species bioassays of various species that can be used to estimate the ecotoxicological
impacts of a chemical. The recent increase in the availability of acute
toxicity data for ENMs enabled the construction of 10 ENM-specific
SSDs, with which we analyzed (1) the range of toxic concentrations, (2)
whether ENMs cause greater hazard to an ecosystem than the ionic or
bulk form, and (3) the key parameters that affect variability in toxicity.
The resulting estimates for hazardous concentrations at which 5% of species will be harmed ranged from < 1 ug/L for PVP-coated n-Ag to >3.5
mg/L for CNTs. The results indicated that size, formulation, and the
presence of a coating can alter toxicity, and thereby corresponding SSDs.
Few statistical differences were observed between SSDs of an ENM
and its ionic counterpart. However, we did find a significant correlation
between the solubility of ENMs and corresponding SSD. Uncertainty
in SSD values can be reduced through greater consideration of ENM
characteristics and physiochemical transformations in the environment.
TP064 Assessing the exposure to nanosilver and silver nitrate on
fathead minnow gill gene expression and mucus production
N. Vinas, Mississippi State Univ / Environmental Laboratory; C.E.
Thornton, Univ of Mississippi / Pharmacology; A. Hawkins, Dept of
Pharmacology Environmental Toxicology Research Program; L. Escalon,
US Army Engineer Research and Development Center / Environmental
Laboratory; A.J. Kennedy, CEERD-EPR / Environmental Laboratory;
J.A. Steevens, US Army Engineer Research and Development Center /
Environmental Laboratory; K.L. Willett, Univ of Mississippi / Pharmacology
Silver exposure is toxic to fish due to disturbances of normal gill function. A proposed toxicity mechanism of silver nanoparticles (AgNP) is
derived from the release of silver ions, similar to silver nitrate (AgNO3).
However, some datasets support the fact that AgNP can have unique
toxic effects that are mediated at the gill. To determine if differences
between AgNO3 and AgNP toxicities exist, fathead minnows were
exposed to 20 nm PVP- or citrate-coated silver nanoparticles (50.3 µg/L
PVP-AgNP; 56.0 µg/L citrate-AgNP) or 3.81 µg/L AgNO3 for 96 hr.
These concentrations were applied to approximate the dissolved fraction
of Ag in the AgNP suspensions. Mucus production in the water was
measured. While mucus production was initially significantly increased
in the first 4 h of exposure in all silver treatments compared to control, a
decrease in mucus production was observed following 24-96 h of exposure. To determine which genes/pathways are driving this shift in mucus
production, gills were dissected and microarray analysis was performed.
Hierarchical clustering of differentially expressed genes revealed that all
samples distinctly clustered by treatment. There were 109 differentially
expressed genes shared among all Ag treatments compared to controls.
However, there were 185, 423, and 615 differentially expressed genes
unique to AgNO3, PVP-AgNP, and citrate-AgNP, relative to control.
While functional analysis indicated several common enriched pathways,
such as aryl hydrocarbon receptor signaling, this analysis also indicated
some unique pathways between nanosilver and AgNO3. Our results
show that AgNO3, PVP-AgNP, and citrate-AgNP exposure affected
mucus production in fish gills and also lead to common and unique
transcriptional changes.
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TP065 Chronic Effects of Silver Nanoparticles on Fingerling Persian
Sturgeon (Acipenser persicus)
A. Banan, Univ of Nebraska - Omaha / Biology; M. Kalbassi, Tarbiat
Modares Univ / Aquaculture; M. Bahmani, M. Yazdani Sadati,
International Sturgeon Research Inst; J.M. Ali, Univ of Nebraska Medical
Center / Environmental Agricultural and Occupational Health; A.S. Kolok,
Univ of Nebraska - Omaha / Nebraska Watershed Network
Metal nanoparticles (MNs) are receiving increased interests in environmental toxicology due to their increased commercial applications and
potential to contaminant the aquatic environment. Silver nanoparticles
(Ag-NPs) are a growing group of MNs with commercial application due
to their exclusive properties including good conductivity, catalytic, and
antimicrobial effects. There is limited understanding of these unique
properties of EMs, such as Ag-NPs, interact with variation in water
parameters relevant to real world exposures. Anadromous fish species,
such as the Persian sturgeon (Acipenser persicus), live across environments
with varying salinity, but the interaction of salinity and Ag-NP exposure
in this species is unknown. The objective of this study was to assess the
toxicity of colloidal Ag-NPs in fingerling Persian sturgeon at varying
salinities in semi-static systems for 14 days. Toxicity tests were repeated
in three environmentally relevant salinity concentrations (0, 6 and 12‰).
Based on previously collected mortality data, Ag-NPs concentrations
ranged from 0.07, 0.1 and 0.2 ppm for the freshwater exposure and
0.2, 0.3 and 0.6 ppm for the brackish water exposures (6 and 12‰).
Silver tissue burdens (gill, liver, intestine and muscle) and weight loss
were assessed for each treatment. These results showed that the highest
weight loss was recorded for 6‰. Tissue accumulation followed a dosedependent response pattern in liver and intestine tissues while their silver
levels were significantly higher in brackish water treatments. Toxicity
of Ag-NPs was affected by increasing salinity, therefore brackish and
saltwater data is an important factor in MN risk assessment studies.
TP066 Quantifying Hydroxyl Radical Production from the
Irradiation of Titanium Dioxide Nanoparticles
J. Coral, S.J. Klaine, Clemson Univ / Inst of Environmental Toxicology
CUENTOX
Previously, organism toxicity to titanium dioxide nanoparticles (TiO2
NPs) has been quantified as a response to nanoparticle concentration.
While this may appear satisfactory it does not reflect the true mechanism of action as TiO2 NP produce reactive oxygen species (ROS) in
general and hydroxyl radicals in particular upon exposure to UV light.
Quantifying hydroxyl radical formation during TiO2 NP exposure and
using that as the independent parameter in dose response relationships
may better reflect the toxicological processes. Our previous research has
established that TiO2 NP toxicity to Daphnia magna increased from
1.39X104 uM/L (48hLC50) under cool white fluorescent tubes to 2.529
uM/L (48hLC50) under ultraviolet lights. . This increase in toxicity was
due to the production of hydroxyl radicals and the subsequent biological
interactions of the hydroxyl radical with the organism. The production
of hydroxyl radicals can be influenced by multiple environmental factors
such as the presence of natural organic matter (NOM). The goal of this
research was to characterize the influence of these external parameters
along with particle-specific parameters on hydroxyl radical formation. Preliminary research has established a hydroxyl radical 48hLC50
value of 7.16 uM/L (±0.42 uM/L) to D. magna. Other parameters that
will be investigated include the following: light intensity and duration,
concentration of NOM, and titanium dioxide nanoparticle surface area.
Using these results we will build a model that utilizes site-specific water
quality and particle specific attributes to better describe the production of hydroxyl radicals generated by titanium dioxide nanoparticles.
This model will facilitate the development of site-specific water quality
criteria for TiO2 NP.
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TP067 Sub-lethal effects of oxidative stress from UV-irradiated
titanium dioxide
C. Mansfield, Clemson Univ ENTOX / Environmental Toxicology; S.J.
Klaine, Clemson Univ / Inst of Environmental Toxicology CUENTOX
Titanium dioxide nanoparticles (Nano-TiO2) are one of the most
utilized nanomaterials. Their use is projected to proliferate over the next
twenty five years into a billion dollar market. Exposure to anatase nanoTiO2 under ultraviolet radiation (UVR) produces reactive oxygen species
(ROS) in aqueous environments. The toxicity (48h LC50) value of anatase TiO2 in Daphnia magna was orders of magnitude lower (28-128ppb)
than from exposures without UVR (500ppm). Oxidative stress is the
proposed mechanism of toxicity for UVR/Nano-TiO2 co-exposure. Few
studies allow for oxidative stress to propagate within the organism or
attempt to quantify the degree of stress induced by multiple exposures.
The goal of this study was to assess the impact of oxidative stress on D.
magna following the sub-lethal, phototoxic exposure to anatase nanoTiO2. Fluorescent staining was used to correlate sites of nanoparticle
adsorption and UV induced ROS generation. QPCR and COMET
assay were performed to assess DNA strand breakage and lesions as a
result of oxidative stress to determine the degree of cumulative injury
following multiple exposures. Results suggest that sub-lethal exposure to
photo-toxic doses of nano-TiO2 results in quantifiable adverse effects at
the molecular level and assess damage at an organismal level. Data from
episodic exposures will also be presented to characterize recovery times
and potential compounding of effects.
TP068 Presence of grazing organisms can amplify the negative effects
of titanium dioxide nanoparticles on stream periphyton communities
M.V. Wright, J. McCluskey, Baylor Univ / Biology; R.S. King, Dept of
Biology; L. Baker, Baylor Univ / Dept of Environmental Sciences; C.W.
Matson, Baylor Univ / Environmental Science
A replicated outdoor stream mesocosm study at the Baylor Experimental
Aquatic Research (BEAR) facility was conducted using municipal
wastewater effluent as source water and nominal P25 titanium dioxide
nanoparticle (TiO2NP) concentrations of 0 (control, n=4), 0.05 (low,
n=4) and 5.0 (high, n=4) mg L-1 TiO2. We were interested in how
interactions between TiO2NP exposure and grazers might impact the
ecotoxicological effects of this contaminant on the algal and bacterial components of stream periphyton. We hypothesized that fish and
snail grazing would enhance the delivery of TiO2NPs to the periphyton matrix, and that this interaction between TiO2NPs and grazing
would negatively affect algal and bacterial biomass. We determined
chlorophyll-a (chl-a) content, ash-free dry mass (AFDM), and algal and
bacterial cell counts. At study termination, fish-grazed periphyton in the
high TiO2NP dose streams consistently had lower algal cell densities,
chl-a and AFDM as compared to the control and low treatment, while
the ungrazed periphyton in the high dose streams were unaffected by
the low and high dose exposures. In contrast, snail- grazed periphytic
algal cell densities and AFDM were significantly lower in the low dose
treatment but not affected in the high dose treatment. Bacterial cell
densities were not affected by TiO2NP exposure, regardless of fish or
snail grazing. Low and high dose stream TiO2NP concentrations peaked
at 24 hours after study initiation, reflecting the rapid dosing employed
to bring the effluent test concentrations to 0.05 and 5 mg L-1. Within
24 hours of this peak in concentrations, there was a rapid decline of
TiO2NPs in the low and high dose streams, which persisted until study
termination. This loss of TiO2NPs in the water column suggests rapid
aggregation and partitioning from the water to the external layer of the
periphyton in the streams. TiO2NP concentrations in the periphyton
in the top pool and fish cage were likely very high relative to the water
concentrations, presenting a probable scenario of trophic transfer. There
were no treatment-related mortalities observed for the grazing fish.
Currently, our data suggest that the effects of nanomaterial exposures on
periphytic algae can be amplified by the presence of grazing organisms.
Grazing fish in our study only had an impact at the high concentration of
TiO2NPs, while the grazing snails were associated with negative effects
at the low, environmentally relevant concentration.
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TP069 Comparative assessment of aquatic risks to developing
fish associated with organic and nanoparticle based sunscreen
formulations
B.J. Harper, Oregon State Univ / Dept of Environmental and Molecular
Toxicology; A. Clendaniel, Environmental and Molecular Toxicology; A.
Engstrom, Oregon State Univ; S.L. Harper, Oregon State Univ / EMT
Despite widespread use in and around aquatic environments, the impacts
of sunscreen formulations on aquatic systems are still poorly understood.
We investigated the toxicity of nanoparticle and organic chemical based
sunscreen formulations on developing zebrafish (Danio rerio). Zebrafish
embryos were exposed to each of the four sunscreens at concentrations
ranging from 50-750 mg sunscreen/L and 21 toxicological endpoints
were assessed. Using equivalent amounts of titanium dioxide (TiO2)
and zinc oxide (ZnO) nanoparticle active ingredients, we conducted
another set of embryonic exposures to determine the impact of the
nanoparticle specifically, in relation to the formulated, nano-enabled
sunscreens. Characterization of the four sunscreens used in this study
suggests nanoparticles (NPs) may be present in both the nanoparticle
and organic chemical formulated products. Toxicity was highest for
organic sunscreens (LOAEL = 375 mg sunscreen/L, NOAEL = 250
mg sunscreen/L) as formulations utilizing nanoparticle active ingredients did not cause any significant mortality even at the highest dose
tested (NOAEL > 750 mg sunscreen/L). Exposure studies with TiO2
and ZnO NPs (alone and in combination) at equivalent concentrations
to those found in the two nanoparticle-based sunscreens, revealed that
the ZnO NPs caused toxicity at concentrations equivalent to 250 mg/L
of sunscreen (12 mg ZnO/L ). In contrast, equivalent concentrations of
TiO2 NPs caused no observable toxicity at any exposure concentration
tested. When exposures included both TiO2 and ZnO NPs, the resulting toxicity is similar to the results from ZnO NPs alone, suggesting
little contribution from the TiO2 NPs. Overall, the toxicity of the ZnO
nanoparticles alone was greater than in any of the formulated nanosunscreens, suggesting formulated nanosunscreens, particularly those
utilizing TiO2, pose significantly lower risks to developing zebrafish
than traditional organic chemical formulations.
TP070 Photocatalytic effects of titanium dioxide nanoparticles on
oyster hemocytes: in vitro studies under light and dark conditions
J. Ward, Univ of Connecticut / Marine Sciences; J.J. Doyle, Gloucester
Marine Genomics Inst; G.H. Wikfors, NOAA Fisheries
To understand the full range of ecotoxicological impacts of manufactured nanoparticles (NPs) on marine organisms, sub-lethal effects must
be assessed. In marine molluscs, physiological responses to environmental stresses are mediated, in part, by hemocytes that are found in the
open circulatory system. These cells are critical for the innate immune
response and act to recognize, phagocytize, and oxidize nonself particles.
Hemocyte bioassays have been used in previous studies to assess the
immunological effects of harmful algae, surfactants, and crude oil. The
purpose of this study was to examine the immunological response of oyster hemocytes (Crassostrea virginica) following exposure to bulk (size > 1
µm; rutile & anatase forms) and nanoparticulate (size < 90 nm) titanium
dioxide (TiO2). Two different types of nanoparticles, both commonly
found in consumer products, were used in the experiments: UV-Titan
M212 and 100% anatase form. Hemolymph was withdrawn from the
adductor muscle of oysters and exposed to the aforementioned particles
at concentrations of 0.1, 0.5 and 1.0 mg/L, for two and four hour periods
under both dark and environmentally-relevant light conditions (350-800
nm). At the end of the incubation period, the viability, phagocytosis,
and oxidative stress of hemocytes were evaluated using flow-cytometric
assays. Results indicated that under dark and light conditions, exposure
to bulk or nanoparticulate TiO2 had little effect on the viability of oyster
hemocytes. In contrast, NPs produced significant changes in phagocytosis and the production of reactive oxygen species compared to bulk
material under both dark and light conditions. The findings of this work
demonstrate that oyster hemocytes are sensitive to TiO2 NPs following
acute, in vitro exposures under dark and light conditions.

TP071 Effects of natural organic matter on copper oxide nanoparticle
dissolution and biouptake kinetics in Gulf killifish (Fundulus grandis)
embryos
B. Castellon, Baylor Univ / Environmental Science; C. Jiang, H. Hsu-Kim,
Duke Univ / Dept of Civil Environmental Engineering; G.R. Aiken, US
Geological Society; C.W. Matson, Baylor Univ / Environmental Science
Engineered nanomaterials may undergo modifications following release
into aquatic environments, which may lead to changes in behavior.
There is a pressing need to conduct nanomaterial ecotoxicity testing in
complex, environmentally-realistic systems to understand bio-physicalchemical mechanisms that affect dissolution and biouptake kinetics. One
important environmental constituent to take into consideration is natural
organic matter (NOM), which is ubiquitous in natural waters. Copper
oxide nanoparticles (CuO NPs) are a worthwhile model nanomaterial
because they are able to dissolve and release Cu2+, undergo speciation
in the presence of different ligands, as well as form complexes with
NOM. We found various NOM isolates such as Suwanee River Humic
Acids and Suwannee River Fulvic Acids to increase CuO NP solubility and decrease sedimentation rate, but the extent of these effects was
mostly dependent on the NOM concentration and polarity. Gulf killifish
(Fundulus grandis) are an ecologically-relevant model species that thrives
in estuarine waters and can tolerate a wide range of other environmental
conditions. In this study we have compared the dissolution and biouptake
of two different sized CuO NPs (5 nm and 50 nm dry primary size) in
buffered 5 ‰ artificial seawater using F. grandis embryos. We examined
the effects of Suwanee River Humic Acids and Suwannee River Fulvic
Acids on dissolution kinetics, aggregation and sedimentation. To link
dissolution and uptake kinetics we combined the use of anodic stripping
voltammetry with a hanging mercury drop electrode, inductively coupled
plasma mass spectrometry and dynamic light scattering.
TP072 Determination of uptake and trophic transfer of multi-walled
carbon nanotubes in freshwater species using microwave induced
heating
A.M. Parra, Environmental Toxicology; M. Saed, Texas Tech Univ / Dept
of Computer and Electrical Engineering; M.J. Green, Texas A&M Univ /
Dept of Chemical Engineering; J.D. Maul, J.E. Cañas-Carrell, Texas Tech
Univ / Dept of Environmental Toxicology
In recent years multi-walled carbon nanotubes (MWNTs) have made
progress across many industries. Processes such as environmental remediation, agriculture, and waste water treatment involve direct exposure
of MWNTs to the environment, where the possibility of uptake and
trophic transfer between organisms can occur. Methods are available
to detect and quantify these nanomaterials, however is it often difficult
to analyze environmental samples due to large carbon content and size.
Additionally, traditional methods may require sample preparation and
cleanup, and are expensive to the user. Using a microwave induced heating method, MWNT concentrations can be determined based on the
heat emitted when MWNTs absorb microwaves. This method allows
for minimal sample preparation and is relatively inexpensive. In previous
studies this technique was used to detect MWNTs in biological samples.
The current studies will address the magnitude of trophic transfer of
MWNTs between Daphnia magna (D. magna) and Pimephales Promelas
(Fathead Minnow) in a freshwater system. Uptake was seen at concentrations of < 72 µg/g in D. magna (10-15 d old) exposed to 0.1 mg/L of
MWNTs for 48 h. Live D. magna previously exposed to MWNTs will
be fed to fathead minnows for a 7 d uptake period. Fish will then be
washed, oven dried, pulverized into a powder, and analyzed for MWNT
concentrations using the microwave induced heating method. Studies are
currently ongoing.
TP073 Plastic Particles, a “Trojan Horse” for Pyrene: Studies with
Oysters, Crassostrea virginica
T.R. Gaspar, A.H. Ringwood, Univ of North Carolina at Charlotte /
Biology
The global annual usage of plastics has increased dramatically over the
last decade, with the annual demand reaching 75 to 80 million tons in
2011. Polystyrene is the fourth most common plastic material produced
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annually with many versatile applications. Consequently, there has been
a coinciding increase in polystyrene wastes, much of which makes its
way into waterways and oceanic habitats. While plastic debris has been
shown to adversely affect many marine species as a result of ingestion and entanglement, little has been studied regarding the effects of
small-scale plastic particles on marine invertebrates, particularly the
ability of plastic to bind with and deliver pollutants in concentrated
doses (the Trojan horse effect). Plastics are hydrophobic substances that
provide a highly attractive surface for the binding of lipophilic chemicals, such as polycyclic aromatic hydrocarbons (PAHs). Contamination
of plastic by PAHs, such as pyrene which can be toxic to marine life,
presents significant issues of concern about impacts on marine species.
The primary aim of this research was to compare the toxicity of polystyrene micron and nano-sized beads when coupled with pyrene in eastern
oysters (Crassostrea virginica). We hypothesized that nano sized polystyrene beads will be readily taken up by cells and cause greater toxicity
when combined with pyrene. Isolated hepatopancreas tissues were used
for 24- hour in vitro cellular exposure studies using two concentrations of polystyrene beads coupled with two concentrations of pyrene.
Lysosomal destabilization and lipid peroxidation assays were performed
to evaluate toxicity. The results of this study indicated that the presence
of polystyrene particles did not increase the toxicity of pyrene to oysters
in vitro, rather in some treatments decreased it, demonstrating that the
particles may be sequestering pyrene and reducing bioavailability to
marine organisms. Future studies in vivo will provide more insight into
this interaction.

Chemicals of Emerging Concern in the
Environment: Organic Flame Retardants
TP074 Characterization of polybrominated flame retardants
(PBDE’s) in waste materials from landfills located in Mexico City
Metropolitan Area
I. Gavilan, E. Santos, National Autonomous Univ of Mexico (UNAM) /
Organic Chemistry; A. Gavilan, UNAM / Facultad de Química
While polybrominated diphenyl ethers (PBDEs) are intended to be
beneficial when used as flame-retardant additives in many polymers
and resins; studies have indicated their adverse effects on humans and
the environment, including from bioaccumulation [Mizukawa et al,
2009] and persistence, even in remote regions like the arctic and thus are
subject to long range transport [De Wit et al, 2010], to toxicity [Verner
et al, 2011], especially in the case of the lower brominated congeners.
One of the ways PBDEs are released to the environment is through
waste disposal sites. In Mexico, the municipal solid waste is disposed in
solid waste landfills, controlled dumps and open dumps; the leaching
from these disposal sites is thought to be a major pathway for PBDEs
release to the environment [Kwan et al, 2013]. Thus, the determination
of PBDE congeners in different waste materials (E&E) parts, electrical conduit, upholstered furniture, and automotive parts, from landfills
using microwave-assisted extraction (MAE) and gas chromatographymass spectrometry (GC-MS-SIM) was developed. Different extraction
parameters (type of solvent, extraction time and quantity of sample) were
optimized as first step. Solvent mixtures with different polar nature such
as isopropanol/methanol (1:1 v/v) and isopropanol/n-hexane (1:1 v/v)
were considered. The extraction time, from 5 to 10 min, was optimized
using both solvent systems. The sample quantity was optimized from
0.25 to 0.5 g. For textile samples, the optimized parameters were as follows: extractant mixture isopropanol/methanol, 0.5 g of sample during
10 min. For plastic samples, the parameters were as follows: extractant
mixture isopropanol/n-hexane, 0.5 g of sample during 10 min. In both
types of samples, the congener BDE-28 (2,4,4´triBDE) was found in
greatest concentrations due to a probable degradation of higher congeners. References De Wit, et al, 2010. BFR in the Arctic Environment:
trends and new candidates. Sci of Tot Env. Kwan, C., Tet al, 2013.
PBDEs in leachates from municipal solid waste dumping sites in tropical
Asian countries: phase distribution and debromination. Env Sci Pollut.
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Res. 20. Mizukawa, et al, 2009. Bioconcentration and biomagnification of PBDEs through lower-trophic-level coastal marine food web.
Mar Pollut Bull, 58. Verner, M., et al, 2011. In vitro neurotoxicity
data in human risk assessment of PBDEs: Overview and perspectives.
Toxicology in Vitro, 25.
TP075 Contamination status of organohalogen compounds and their
hydroxylated metabolites in pet cats: Effects on thyroid hormones
homeostasis
Y. Yamamoto, Center for Marine Environmental Studies CMES; K.
Nomiyama, Ehime Univ / Center for Marine Environmental Studies
CMES; H. Mizukawa, M. Takiguchi, M. Ishizuka, Hokkaido Univ /
Graduate School of Veterinary Medicine; T. Kunisue, S. Tanabe, Ehime
Univ / Center for Marine Environmental Studies
Previous studies reported that high level of polybrominated diphenyl
ethers (PBDEs) in serum of pet cats had a link to increasing feline
hyperthyroidism. It is also known that halogenated phenolic compounds such as hydroxylated polychlorinated biphenyls (OH-PCBs) and
hydroxylated PBDEs (OH-PBDEs) competitively bind to the thyroid
hormones (THs) transport protein, transthyretin (TTR), and disrupt
TH homeostasis. Thus, it is important to measure concentrations of
THs in serum in order to confirm the relationship between halogenated
phenolic compounds and THs. However, the accuracy of the current
clinical tests for THs based on immunoassays is unreliable because of
possible overestimation caused by antibody cross-specificity. There are
only few studies revealing the relationship between the concentrations
of organohalogen compounds and TH levels in the serum of pet animals with accurate analysis of THs. The present study investigated the
residual levels and patterns of PCBs, PBDEs, OH-PCBs, OH-PBDEs
and bromophenols (BPhs) in serum samples of pet cats. In order to
assess the effects of contaminants in pet cats, we also examined relationships between the levels of organohalogen compounds and serum TH
levels analyzed using LC-MS/MS. Cat serum samples were collected
from pet cats in cooperation with Japanese veterinary hospitals and
stored at -25°C until analysis. PCBs, PBDEs, OH-PCBs, OH-PBDEs,
BPhs and THs were found in all the serum samples analyzed in this
study. PBDEs had the highest median concentration (680 pg/g wet wt.)
among the organohalogen compounds examined. Especially, decaBDE was the predominant homologue, accounting for 60% of total
PBDEs concentrations. Thyroxine (T4), 3,5,3’-Triiodothyronine (T3)
and 3,3’,5’-Triiodothyronine (rT3) levels showed significant negative
correlations with total PBDEs concentrations (p < 0.01). These relationships suggest that the decrease in the levels of T3 and rT3 in the serum
of pet cats accompanied with suppression of the T4 in thyroid gland was
induced by PBDEs, because T3 and rT3 are produced by the deiodination of T4. Further studies are necessary for assessment of risk for pet
cats including disruption mechanisms of TH homeostasis.
TP076 Detection and quantification of 40 non-polybrominated
diphenyl ether emerging flame retardants in a secondary WWTP
M. Woudneh, AXYS Analytical Services Ltd; C. Hamilton, Axys Analytical
Services Ltd. / Client Services; R.D. Grace, AXYS Analytical Services Ltd;
J. Cosgrove, AXYS
In this study, an analytical method was developed for analysis of 40 nonpolybrominated diphenyl ether (non-PBDE) flame retardants in influent,
effluent and biosolid matrices. The method involved liquid-liquid or
liquid-solid extraction with liquid-liquid and SPE cleanups and a dual
instrument platform (GC-(ECNI)-MS and LC-MS/MS). The method
was validated for accuracy, precision, matrix effects, analyte adsorption
as well as sample and extract stability. Finally, the developed method
was applied to investigate the occurrence and distribution of these nonPBDE flame retardants both in the liquid and solid waste streams of
a typical secondary wastewater treatment system employing activated
sludge treatment. Detected concentrations were also compared with
literature values for brominated diphenyl ethers. The method’s performance in this study demonstrated its applicability for monitoring these
emerging contaminants in the environment.
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TP077 Diastereomeric Distibution of Hexabromocyclododecane
(HBCD) in Livestock Products and in Livestock Feed
M. Barghi, E. Shin, M. Son, Pohang Univ of Science and Technology; J.
Kim, Pohang Univ of Science and Technology / School of Environmental
Science and Engineering; Y. Chang, Pohang Univ of Science and Technology
Hexabromocyclododecane (HBCD) is a brominated flame retardant
used in polystyrene foams, thermal solution and electrical equipment.
The HBCD commercial mixture consists mainly of γ-HBCD (81.6%)
and two other diastereoisomers in lower amounts: β- and α-HBCD
5.8% and 11.8% respectively. HBCD has recently been adopted for
addition to Annex A of Stockholm convention. The presence of HBCD
in wide range of matrices, its suspected toxic effects and continuous
massive use may indicate a public health concern. Therefore have a
better understanding about the fate of HBCD in the food chain and
consequently the changes in the contribution of HBCD diastereoisomers are essential. In this study, a total of 148 samples including beef,
pork and poultry were collected from local market and Dept stores of
5 cities in Korea. Isotope dilution method was applied to measure the
concentrations of HBCD diastereoisomers with liquid chromatography–
tandem mass spectrometry (LC–ESI-MS/MS). Mass spectrometry was
performed with an electrospray source (ESI) in negative-ion mode using
multiple reaction monitoring (MRM). α-HBCD was the predominant
diastereoisomer in 90% of the samples. Also, the concentration of total
HBCD was significantly lower in poultry compared to beef and pork
samples. Levels of HBCD diastereoisomers in this study were in same
range in comparison with food samples from other countries. It has to be
noted that the diastereomeric distribution of HBCD can change due to
bioisomerization and biotransformation in biological materials. Therefore
for more research on the bioisomerization and biotransformation
process in livestock 10 types of the most consuming feed products that
are used in animal’s farm in korea were purchased to measure the level
of HBCD diastereoisomers. Preliminary results show that all HBCD
diastereoisomers were detected in feed and α-HBCD was the predominant diastereoisomer. Obtained results indicated that the main change
in contribution of HBCD diastereoisomers probably happened before
accumulation in livestock by using contaminated feed.
TP078 Evaluating low dose Dechlorane plus exposure effects on
bioavaibility in the soil-mimic conditions
T.T. Le, Pohang Univ of Science and Technology / School of Environmental
Science and Engineering; J. Kim, J. Kim, Pohang Univ of Science and
Technology; J. Kim, Pohang Univ of Science and Technology / School of
Environmental Science and Engineering; Y. Chang, Pohang Univ of Science
and Technology
Dechlorane plus (DP-C18H12Cl12), a high chlorinated flame retardant,
is listed as a high production volume (HPV) chemical. The technical DP
product consists of two isomers: syn and anti in a ratio 1:3 and it is used
in electrical hard plastic connectors in televisions and computer monitors, wire coatings, and furniture. As regards environmental concern,
DP is considered as low bioaccumulation risk compound because of high
logKow (~ 9.03) but the long haft-life of DP in soil and water (8640 h
and 4320 h, respectively) could raise a big concern to the ecosystem. The
effects of two DP stereoisomers syn and anti on micro-biota was investigated in this study. Although both isomers can bio-accumulate, there are
different potentials to their bio-magnification in aquatic food webs. Three
types of bacteria were obtained: Escherichia coli (E.coli); dibenzofuran
(DF) degrading-bacteria Agrobacterium sp.PH-08 (Accession numbers:
JN862809); and phosphorus solubilizing bacteria Gluconacetobacter liquefaciens sp. G1 isolated from the leaves of bamboo at Miryang by Applied
and Environmental Microbiology laboratory. The different behaviors
between syn- and anti-isomer were presented in cell viability, ROS level
and bioactivties. The CFU in syn-DP treatments showed the lowest
value in the PBS or soil extracted. Especially, the inhibition of CFU was
significantly observed in E.coli and PH-08 samples (from 78%-94% in
PBS medium after 9 h DP exposure) in PBS buffer. In the soil system,
the different effect of anti- and syn-isomers could be neglected. The G1
and PH-08 samples could show the higher inhibition after 9 h syntreatment with inhibition of 93%, 79% (syn) and 84%, 70% (anti) number

of CFU. To estimate the induced stress from DP exposure to microorganism, we measured intracellular ROS level. It can be seen that syn-isomer
induced higher ROS level in E.coli (69% higher than anti-treatment) as
well as PH-08 (49% higher than anti-inducer) in PBS medium while no
significant difference in both isomers treatment was observed in G-1. The
insignificant differences between control and treated samples implied that
DP isomers might not be a potential risk for inhibiting bioactivities. Only
anti-treated sample of G1 showed 16.6% inhibition in the phosphorus
solubilizing capacity. Moreover, most of the samples, except anti-treated
G1, showed the decrease trend in bioactivties and was in accordance
inhibition of growth measured via OD600nm value.
TP079 Levels of PBDDs and PBDFs in Residential and Firehouse
Dust Samples in California and the Potential for Analytical
Interference from PBDEs
F.R. Brown, J. Dhaliwal, California Dept of Toxic Substances Control /
Environmental Chemistry Lab; D.H. Tarrant, California EPA / California
Dept of Toxic Substances Control; R. Sarala, M. Petreas, California Dept
of Toxic Substances Control / Environmental Chemistry Lab; J. Park,
California EPA / California Dept of Toxic Substances Control
Even with PBDEs being phased out in some parts of the world, a large
reservoir of PBDE-containing products still exits, and PBDEs are still
being produced in other parts of the world. Thermal and photolytic
degradation are potential sources of polybrominated dibenzodioxins and
furans (PBDD, PBDF), and given the quantities of PBDEs in use, this
is a potentially significant source of PBDD/Fs. PBDD/Fs have similar
toxicities to PCDD/Fs, and, like other POPs (PCBs, PBDEs, novel
BFRs), residential and occupational dust could be a significant source of
PBDD/F exposure. In the work described here, we build on our previous
work in this area by applying a cleanup process for PCDD/F analysis to
the analysis of PBDD/Fs in dust from both residential units and from
the living quarters of fire houses. We also examine the potential for
PBDEs to interfere with PBDF analysis. Dust samples were collected
from the vacuum cleaner bags from California houses and fire stations
during 2010-11. These samples were already analyzed for PAHs, PCBs,
novel BFRs, and PBDEs, with BDE 209 exceeding 390,000 ng/g in
firehouse dust. In this study, dust samples (< 150 um) were fortified
with labeled internal standards and extracted using pressurized fluid
extraction. Interferences were removed by using mixed-mode silica gel
and carbon columns, and extracts were analyzed using high resolution
isotope dilution GC/MS. PBDFs and PBDEs are isobaric, and thus the
potential for PBDEs to interfere with PBDF analysis is high. However,
in a given PBDF acquisition window (e.g., TeBDF), the corresponding
PBDEs elute well after the target PBDF congeners. Thus, even with very
high levels of PBDEs in these samples, we do not anticipate interferences
with PBDF analysis. Preliminary house dust data show HpBDD/Fs to
be the predominant congeners with up to 530 ng/g Total HpBDFs and
up to ~5 ng/g Total HpBDDs. Other PBDF concentrations ranged from
12-37 ng/g. Other PBDD congeners were only detected at up to 100 pg/g.
Further analyses of residential dust, as well as firehouse dust, are ongoing.
The views expressed herein are those of the authors and do not necessarily
reflect those of the California Dept of Toxic Substances Control.
TP080 Light microscopic evidence for direct ingestion as the
principal BFR uptake pathway for house crickets in contact with
BFR-treated furniture foam
G. Estridge, Dakota State Univ / College of Arts and Sciences; M. Gaylor,
Dakota State Univ / Chemistry College of Arts and Sciences
In response to increasingly stringent flame retardancy standards, high
levels of brominated flame retardant (BFR) additives have been incorporated into myriad consumer plastic products for decades. Over time,
BFR additives escape therefrom becoming bioaccessible to humans
and other organisms. Though our knowledge of human exposure risks
has improved, virtually nothing is known of the extent to which BFR
additives may be transferred from treated consumer polymers to insects
common within human spaces (e.g., crickets, silverfish, cockroaches etc.).
Such cohabitant insects are known to browse on consumer materials and
may bioaccumulate BFR additives therein and transfer them throughout
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human spaces and into proximate terrestrial food webs. Despite the
pervasiveness of insects in human spaces and waste disposal sites, we are
aware of only a single published study of product-associated BFR uptake
by a cohabitant insect. There, crickets reared with BFR-treated furniture foam incurred high (ppm) BFR additive burdens in their tissues.
However, direct ingestion was assumed as the primary uptake mechanism and the extent to which gut-retained foam may have contributed to
measured tissue burdens was not investigated systematically. To address
this knowledge gap, we permitted house crickets (Acheta domestica)
unrestricted access to BFR-treated furniture foam and food and water ad
libitum for 14 days and then examined foam microparticulate accumulation in gut tissues and feces using light microscopy. Significant foam
loadings were observed in both, providing compelling evidence for direct
ingestion as the primary BFR uptake pathway in the earlier study. Results
confirm that cohabitant insects can feed directly on treated in-use and
discarded consumer polymers and bioaccumulate BFR additives therein,
even when high quality food is available. Direct biota interactions with
treated consumer materials may thus be an important but so far underappreciated source of BFR additives to indoor and outdoor environments.
TP081 Linking Consumer Products to Flame Retardant Levels in
Indoor House Dust
S. Hammel, K. Hoffman, A.M. Lorenzo, H.M. Stapleton, Duke Univ /
Nicholas School of the Environment
Consumer products in the home have often been treated with a wide
variety of chemicals to improve longevity and provide specific desired
characteristics. Flammability regulations such as California’s Technical
Bulletin 117 have historically influenced the increased use of flame retardant chemicals in consumer products that are common to most indoor
environments. The use of flame retardants in consumer products has also
led to a near ubiquitous presence in indoor air and dust and to exposure
among the general population. In fact, studies have demonstrated that
levels of flame retardants in indoor house dust are predictive of human
serum levels, suggesting most exposure occurs in the home. However,
it’s not clear which products contribute most to the flame retardant levels
detected in house dust, which is a significant data gap. With the recent
global phase-out of polybrominated diphenyl ethers (PBDEs), organophosphate flame retardants (OPFRs) and other brominated compounds
have been increasingly used in residential furniture. We collected paired
samples of polyurethane foam from residential furniture and house dust
to determine if the presence and concentrations of flame retardants in
furniture were predictive of dust levels. Samples were collected during home visits from April to December 2014. Of the homes visited,
52 dust and 41 foam samples were collected and analyzed. Due to lack
of quantifiable flame retardants in 15 foam samples, 26 samples were
paired with the corresponding dust sample for analysis. All foam and
dust were sampled from participants’ primary living areas. The dust and
foam were analyzed using gas chromatography mass spectrometry for a
suite of OPFRs and brominated compounds. Tris(1,3-dichloroisopropyl)
phosphate (TDCiPP) and tris(1-chloro-2-propyl)phosphate (TCPP)
were most highly detected in foam samples with 14 containing one or
both compounds. 8 of the foam samples contained brominated components associated with Firemaster® 550 (FM550). In dust, all of the
aforementioned compounds were detected in over 80% of the samples.
Levels of brominated compounds associated with FM550 were about
3.5x higher in house dust when the compounds was also found in the
paired foam when adjusting for dust loading (p=0.08). While flooring
(carpet vs. wood) does not impact flame retardant dust concentrations, it
does impact dust loading within the designated living space. Furniture
age was not correlated with the chemicals in dust.
TP082 Measurement of Organophosphate Flame Retardants in
California Residential and Fire House Dust
R. Gill; S. Crispo Smith, California EPA / Dept of Toxic Substances
Control; M. Petreas, J. Park, California Dept of Toxic Substance Control,
Environmental Chemistry Lab
The persistence and bioaccumulation of polybrominated diphenyl
ethers (PBDEs) has led to restrictions on their use as flame retardants

286 | SETAC North America 36th Annual Meeting

in consumer products and, therefore, resulted in an increased use of
halogenated and alkylated organophosphate flame retardants (OPFRs).
OPFRs have been detected in polyurethane foam consumer products at
the percent level and are known to migrate to dust and ultimately enter
humans via dust inhalation and ingestion. With the increased use and
associated toxicity of OPFRs, the measurement of these compounds in
California residential dust and fire house dust is warranted. In the current study we developed and validated a method to measure 12 OPFRs
in house dust using NIST Standard Reference Material 2585 (Organic
Contaminants in House Dust). The extraction and clean up procedure
was conducted by sonication and Florisil SPE cartridges, respectively.
Dust extracts were analyzed using an Agilent gas chromatographtandem mass spectrometer (GC-MS/MS) operated in electron impact
ionization mode. A DB-5ms GC column (30 m x 0.25 mm ID, 0.25 µm
film thickness, Agilent J&W Inc.) was used for analyte separation. Given
that SRM 2585 has no certified values available for OPFRs, we compared our measured values to those reported by other studies to evaluate
our analytical method. Measured values for TNBP, TCEP, TCIPP,
TDCIPP, TPHP, TMPP and TBOEP are in close agreement with
reference literature values where TBOEP (tris(2-butoxyethyl) phosphate)
was predominately measured. We are currently conducting the OPFR
analysis of recently collected California residential house dust (n=59) and
fire house dust (n=27) where we hypothesized to observe higher OPFR
levels in fire house dust relative to residential house dust, consistent with
our earlier findings on BFRs. The views expressed herein are those of
the authors and do not necessarily reflect those of the California Dept of
Toxic Substances Control.
TP083 Organophosphate Flame Retardant Hydrolysis and pHDependency in Aqueous Solutions: Kinetics and Mechanisms
G. Su, R.J. Letcher, Environment Canada / Ecotoxicology and Wildlife
Health Division; S. Chu, Environment Canada / Ecotoxicology and Wildlife
Health Division Wildlife and Landscape Science Directorate Science and
Technology Branch
Organophosphate (OP) triesters are a large group of chemicals that
have been used for decades as flame retardants (FRs) and plasticizers in
various consumer products, which has led to their occurrence as contaminants in aquatic environments, such as in drinking and surface water.
Given their phosphate ester bonds, we hypothesized that OP triesters
are readily hydrolyzed in aqueous environments. In the present study,
hydrolysis of a mixture of 16 OP triesters (triethyl phosphate (TEP), tripropyl phosphate (TPP), tributyl phosphate (TNBP), tris(2-chloroethyl)
phosphate (TCEP), tris(2-butoxyethyl) phosphate (TBOEP), triphenyl phosphate (TPHP), 2-ethylhexyl-diphenyl phosphate (EHDPP),
tricresyl phosphate (TMPP), tris(1,3-dichloro-2-propyl) phosphate
(TDCIPP), tris(2-ethylhexyl) phosphate (TEHP), 2,2-bis(chloromethyl)
propane-1,3-diyltetrakis(2-chloroethyl) bisphosphate (V6), tris(4-bromo3-methylphenyl) phosphate (T4B3MP), tris(3-bromo-4-methylphenyl)
phosphate (T3B4MP), tris(2-bromo-4-methylphenyl) phosphate
(T2B4MP), tris(tribromoneopentyl) phosphate (TTBPP), tris(2-chloroisopropyl) phosphate (TCIPP), 150 ng/mL for each) was conducted
in aqueous solutions at pH=5, 7, 9, 11 and 13 (n=3 replicates for each
pH level). Ten time points (0, 0.25, 0.5, 1, 2, 4, 8, 24, 48 and 96 h) were
selected to monitor OP triester concentrations in these five pH-dependent hydrolysis systems. Assuming that the phosphate ester hydrolysis
reaction followed pseudo-first-order kinetics, hydrolysis constants (k,
min-1) were calculated from the slope of the line by plotting the log of
the fraction of the parent compound concentration versus time, and the
half-lives (t1/2) were calculated as follows: t1/2 = ln 2/k. Concomitantly,
products of OP triester hydrolysis were also screened by use of an Agilent
1200 LC system coupled to an Agilent 6520A Q-ToF-MS system.
To our knowledge, the present study provides the first insights in the
hydrolysis mechanisms of OP triesters in pH-dependent aqueous environments, and the hydrolyzed by-products identified in the present study
might be detectable in the real aqueous environments.
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TP084 Spatial Distribution of Halogenated Flame Retardants
in Mosses, Lichens, Algae and Soils of South Shetland Islands,
Antarctica
Y. Choi, Pohang Univ of Science and Technology; J. Kim, Pohang Univ of
Science and Technology / School of Environmental Science and Engineering;
M. Barghi, Pohang Univ of Science and Technology; Y. Yoon, J. Kim, Korea
Polar Research Inst; Y. Chang, Pohang Univ of Science and Technology
Spatial distribution of Hexabromocyclododecanes (HBCDs),
Dechlorane Plus (DPs), Polybrominated biphenyls (PBBs), and polybrominated diphenyl ethers (PBDEs) in mosses, lichens, green algae and
soils were determined along the South Shetland Islands, Antarctica.
The samples included 19 moss samples (Andreaea depressinervis and
Sanionia Uncinata), 13 lichen samples (Himantormia lugubris and Usnea
Antarctica), 4 green algae samples (Prasiola crispa ssp. Antarctica) and 10
soil samples from 18 sampling sites ranged 400 km in South Shetland
Islands, and the samples were obtained from December 2013 to February
2014. All of the analytes were detected in all regions, with variation
with the matrix. In particular, the detection of DPs and HBCDs in the
Antarctic plants and soils was the first report to our knowledge, suggesting long range transport of the chemicals. According to the result
of Spearman’s rank correlation, the pollutant levels in the plant and soil
samples were correlated with organic contents in the matrix. And the
concentrations in plants and soils from different sampling site showed
positive correlations, implying feasibility of the plants as an atmospheric
passive sampler. The concentrations of the chemicals from the sampling
site in the vicinity of the Antarctic research stations were significantly
higher than those from the other site, suggesting human activity near
the stations might be a source of these chemicals. Although the limited
sample numbers and the disturbance of various environmental factors,
we assess the contamination and their source in Antarctica, and long
range transport of the pollutants.
TP085 Temporal comparison of concentrations and the bioaccessibilities of novel brominated flame retardants in dust collected from
daycares in SK, Canada
D.M. Saunders, Univ of Saskatchewan / Toxicology; H. Peng, Toxicology
Centre; J. SUN, Univ of Saskatchewan - Toxicology Centre; S. Wiseman,
Univ of Saskatchewan / Toxicology Centre; J. Giesy, Univ of Saskatchewan /
Dept of Veterinary and Biomedical Sciences and Toxicology Centre
The novel brominated flame retardants (NBFRs) bis(2-ethylhexyl)2,3,4,5-tetrabromophtalate (TBPH) and 2-ethylhexyl-2,3,4,5
tetrabromobenzoate (TBB) are components of several flame retardant
mixtures, including Firemaster 550 and BZ-54. Firemaster 550 is a
replacement for the widely used pentaBDE technical mixtures and several
recent studies have shown increasing concentrations of TBPH and TBB
in the indoor environment. Additionally, novel hydroxylated isomers
of TBPH and TBB (OH-TBPH/TBB) have been identified in chemical standards, technical mixtures, and in the indoor environment. The
physical-chemical properties of these hydroxylated compounds differ
from those of TBPH/TBB which indicates potentially different environmental mobilities, fates, and bioaccessibilities. The objectives of this
study were two-fold (i) to measure and compare concentrations of TBPH/
TBB and their hydroxylated isomers (OH-TBPH/TBB) in daycare
centres from Saskatoon, Saskatchewan, Canada at two distinct periods,
winter/summer, and (ii) to test the bioaccessibilities of OH-TBPH/TBB
by use of an in vitro colon extended physiologically based extraction
test (CE-PBET) system. Dust from daycare centres was collected from
May – August, 2013 and from January – March, 2014. Quantification
of NBFRs was completed by use of previously developed methods on
an ultra-high resolution LC/MS Q-Exactive system (Thermo Fisher).
TBPH/TBB and OH-TBPH/TBB were detected in 100% and 91%,
respectively, of dust samples collected during the summer sampling
period. Concentrations of TBB (922±0.82 ng/g) were comparable to those
of TBPH (734±0.87 ng/g) and similar to concentrations detected in studies during similar time-points. Concentrations of OH-TBPH (0.35±1.0
ng/g for OH-TBPH2 and 0.04±0.88 ng/g for OH-TBPH1) were slightly
greater than concentrations of OH-TBB (∑0.21±1.33 ng/g). Differences
in concentrations of NBFRs in the indoor environment between winter

and summer months might have great implications for people living in
cold environments, such as Western Canada. Western Canadians can
spend ≥90% time indoors during winter months, as such, the populace
might have greater exposure to these indoor contaminants.

Use of Molecular, Computational and
Systems Biology Approaches to Advance
Next Generation Ecological Risk Assessment
TP086 Quantitative High-Throughput Screening and Orthogonal
Assays to Identify Modulators of the Vitamin D Receptor
J. Franzosa, USEPA / ORD / National Center for Computational
Toxicology; D. Mahapatra, North Carolina State Univ; K.A. Connors,
USEPA / ORDNCCT; R. Huang, NCATS, NIH; M. Xia, NCATS, NIH
/ NCATS; R.S. Thomas, USEPA / Office of Research and Development /
National Center for Computational Toxicology; S. Kullman, North Carolina
State Univ / Dept of Biological Sciences; K.A. Houck, USEPA / ORD /
National Center for Computational Toxicology
The Vitamin D nuclear receptor (VDR) is a selective, ligand-inducible
transcription factor involved in numerous biological processes such as
cell proliferation, differentiation, detoxification, calcium homeostasis,
neurodevelopment, immune system regulation, cardiovascular function and cancer. Potential environmental chemical disruptors of VDR
signaling were investigated by quantitative high-throughput screening
as part of the US Tox21 collaboration. An 8.5K chemical library was
tested for agonist and antagonist activity using a quantitative 1536-well
plate high-throughput screening (qHTS) platform with a VDR betalactamase reporter gene assay in HEK 293T cells (15 concentrations
run in triplicate). Results were analyzed using the USEPA ToxCast
Data Analysis Pipeline (invitroDB_v1) and identified 78 compounds as
potential VDR agonists. Only 11 of the these compounds were active
at < 10 µM. Analysis also revealed that 342 of the compounds screened
functioned as VDR antagonists; of which 30% were potent at less than
10 µM. All cadmium compounds (n = 4) were potent at sub-micromolar
concentrations in the antagonist assay. To evaluate the specificity of the
active compounds, comparisons were made with available Tox21 and
ToxCast data from assays of permissive (PPARs, LXR, PXR, FXR) and
non-permissive (TR, RAR) RXR heterodimerization partners. Ratios of
the activity in the VDR assays and complementary cytotoxicity activity
data from qHTS in agonist and antagonist mode were used to rank the
chemicals based on activity. These data were used to select an initial set
of chemicals (15 = agonist; 15 = antagonist) to be tested in follow-up in
vitro assays. The chemicals were run in concentration-response (0.012
nM – 120 µM) in a transient transactivation assay with a luciferase
reporter derived from the human CYP24 promoter. In addition, the
effect of agonists/antagonists on interactions of VDR with RXR and
co-activator (SRC-1) was also evaluated using a mammalian 2 hybrid
system. Overall, these results illustrate the application of robotic qHTS
assays for testing environmental chemicals and identifying VDR activity.
This approach facilitates the assessment and characterization of chemical-induced toxicity pathways to support risk assessments. This abstract
does not necessarily reflect USEPA policy.
TP087 Hypothesis testing with computational modeling: Linking
aromatase inhibition with plasma vitellogenin dynamics in fathead
minnows
W. Cheng; Q. Zhang, The Hamner Insts for Health Sciences; P. Schroeder,
Helmholtz Zentrum München / Microbe Plant Interactions; D.L.
Villeneuve, USEPA / Mid-Continent Ecology Division; G.T. Ankley,
USEPA / National Health and Environmental Effects Research Laboratory;
R. Conolly, USEPA
The aromatase inhibitor fadrozole inhibits CYP19A, a key enzyme that
converts testosterone to estradiol (E2). In fish, E2 levels control synthesis
of the glycolipoprotein vitellogenin (VTG), an egg yolk precursor protein
essential to oocyte development and larval survival. Fathead minnows
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were exposed to various concentrations of fadrozole continuously for 8
days and then held in control water (without fadrozole) for an additional
20 days. Plasma E2 and VTG concentrations were reduced during exposure. While E2 concentrations recovered to control levels post-exposure,
VTG concentrations shows delay return during deprivation period. We
developed alternative hypotheses to explain the effect of fadrozole on
VTG levels. First, an incoherent feedforward loop was implemented in a
HPG axis computational model to describe VTG synthesis. The process
of E2 binding to VTG promoter and protein synthesis contributed to
the time delay of VTG recovery after the chemical removal. Second,
a negative feedback loop was employed in the same HPG axis model
that also described the VTG data. The hepatic production of VTG was
proportional to the E2 concentration. However, plasma VTG remained
depressed for an extended period while oocyte VTG was being replenished. The two models with distinct signaling motifs can both describe
the VTG data successfully. Computational modeling cannot by itself
identify the actual biological structure of the circuits but it can identify
candidate structures that could be investigated in the laboratory. We
modeled candidate circuits that reproduce the VTG data. Our approach
is intended to identify the underlying biological explanations for the
dynamics of VTG perturbations by fadrozole. This work illustrates the
application of computational modeling to evaluate alternative hypotheses
and to thereby identify the most appropriate hypothesis for follow-up
experimental work. This is an abstract or a proposed presentation and
does not necessarily reflect USEPA policy. Mention of trade names or
commercial products does not constitute endorsement or recommendation for use.
TP088 Comparison of ToxCast in vitro HTS molecular initiating
event data to in vivo fish exposures
J. Crago, R. Klaper, Univ of Wisconsin-Milwaukee / School of Freshwater
Sciences
In the aftermath of the NRC (2007) report, ”Toxicity testing in the 21st
century”, the USEPA embarked on an ambitious program to identify,
develop, and validate high throughput screening methods and assays
that encompass a number of adverse outcome pathways, for the goal of
testing current and future chemicals. One outcome of this large study
was that new or novel targets of individual chemicals in several signaling
pathways were also identified, such as potential to bind to multiple steroid receptors. The question for ecological risk assessment are: 1) whether
the in vitro HTS data results showing new or novel pathways can be
extrapolated to in vivo dose equivalence for MIE for ecologically relevant
organisms; and 2) is the dose range environmentally relevant. The goal
of the study was to assess whether a subset of novel and new pathways
current HTS results found in PubChem, and there associated dose
range of effect, corresponded to similar patterns of MIE in the zebrafish
developmental assay. Initial results indicate that MIE in the zebrafish
developmental assay vary in transactivation through time and dose range.
These results indicate that the a compounds off target MIE should be
considered in assessing risk.
TP089 High-Throughput Screening Assays to Identify Putative
Modulators of Adipogenesis and Lipid Metabolism and Potential
Application toward Ecotoxicology
K.A. Connors, USEPA / ORDNCCT; J. Franzosa, USEPA / ORD /
National Center for Computational Toxicology; D. Filer, USEPA; K.A.
Houck, USEPA / ORD / National Center for Computational Toxicology; M.
Martin, USEPA
Adipose tissue represents an important and understudied component
of the endocrine system. Recent evidence suggests that endocrinedisrupting chemicals (EDCs) may be able to alter lipid development
(e.g., adipogenesis) and/or the balance of lipid metabolism. The environmentally and ecologically relevant adverse outcomes associated with
disrupted lipid homeostasis are not well understood, however lipid
accumulation may play an important role in organism growth or the
survival of juvenile/young-of-the-year fish. As part of the USEPA’s
ToxCast program, a ~1100 chemical library was profiled in a high-content, multiplexed screening platform that utilized quantitative cell-based
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digital image analysis to quantify the effects of chemical exposure on
adipogenesis. Chemicals were run in triplicate in six-point concentration response from 0.013 to 100 µM. ToxCast Data Analysis Pipeline
identified 95 compounds that significantly increased adipocyte differentiation, including 27 chemicals that demonstrated activity less than 10
µM. Several compounds known to be PPARγ agonists (e.g., troglitazone,
farglitazar) were active in this assay below cytotoxic concentrations.
EDCs are able to interact with a wide variety of nuclear receptors including PPARs, a class of nuclear receptors known to play an important role
in lipid homeostasis. Following ligand activation, PPARs heterodimerize with RXR and modulate the expression of target genes, including
many that are known to stimulate adipogenesis. Systematic comparisons
were conducted with all available Tox21 and ToxCast assay endpoints
to determine which biological targets might be predictive of adipocyte
differentiation. Several biological targets associated with fatty acid oxidation and lipid metabolism had specificities >0.85 and balanced accuracies
of >0.60 including PPARγ, progesterone, and PDK4.These biological
targets represent a possible mechanism for the induction of the adipocyte phenotype. Recent research suggests that phthalates can activate
PPAR:RXR-dependent gene expression and promote changes in lipid
homeostasis in sea bream, an economically important teleost fish. Thus,
this mechanism may also be present in fish. Collectively, these results
add important data to ToxCast that will help identify and prioritize
possible endocrine disruptors to inform targeted testing strategies. This
abstract does not necessarily represent USEPA policy.
TP090 E. coli live cell array reporter system as a screening tool for the
biological effects of oil contaminated sediments
D. Jung, Seoul National School / Inst of Health and Environment; G. Miao,
Nanjing Univ / Environmental; S. Lee, C. Kim, Seoul National Univ /
School of Public Health; H. Shin, Seoul National Univ; I. Lee, School of
Public Health; S. Hong, Seoul National Univ / Division of Environmental
Science and Ecological Engineering; U. Yim, Korea Inst of Ocean Science and
Technology / Oil and POPs Research Group; W. Shim, Korea Inst of Ocean
Science and Technology / Oil and POPs Research Group; J. Khim, Seoul
National Univ / School of Earth and Environmental Sciences; X. Zhang,
Nanjing Univ / Environmental Science; K. Choi, Seoul National Univ /
School of Public Health
Oil spills have profound long-term effects on coastal ecosystems and
therefore, warrant careful long-term monitoring. Oil spills cause exposure to large amounts of petroleum-derived chemicals, such as polycyclic
aromatic hydrocarbons (PAHs), which mostly induce activation of the
aryl hydrocarbon receptor (AhR) pathway. Hence most of effect driven
analyses for oil spills have been focused on AhR pathway, and little is
known about other possible pathways. We utilized a high-throughput
Escherichia coli (E. coli) genome-wide knockout library to assess the
modes of toxicities of the sediments from an area heavily polluted by the
Hebei Spirit oil spill (HSOS) incident of 2007. We treated an array of E.
coli single gene-mutants with extracts from the sediments and measured
the transcription of a total of 93 “environmental stress” genes. The results
were compared with the results observed from E. coli treated with crude
or weathered oil of HSOS. Oils induced changes in about 30% of the
genes with 90% of them being down-regulated. Sediments induced similar or higher number of transcriptional changes in the array. Over 70% of
the transcriptional changes in cells exposed to sediments with high total
PAH content were down-regulated. However, opposite trend was seen
in the transcription of cells exposed to sediments with lower total PAHs
concentrations. Most of the genes changed were associated with DNA
damage and repair and drug resistance and sensitivity. Sediment samples
mostly induced up-regulation of the genes involved in redox stress and
energy stress. In contrast, oil samples induced overall decrease or no
response in redox stress and energy stress. In conclusion, our results show
that oil contamination is still in part responsible for biological responses
in some parts of the area affected by HSOS. In addition, our results
indicate that the E. coli live cell array reporter system is a promising
tool for identifying potential toxicities of environmental samples like oil
contaminated sediment. This work was supported by Korean Ministry of
Oceans and Fisheries Project PM56951.
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TP091 Functional Genomics by Transcriptome Analysis of Killifish
Ovaries Exposed to Crude Oil
S.B. Rana, C.S. Bentivegna, Seton Hall Univ / Dept of Biological Sciences
Atlantic Killifish (Fundulus heteroclitus) have vital characteristics making
them optimal for studying endocrine disrupting compounds (EDCs).
They are highly sensitive to pollutants, have a specific habitable region
as well as high site fidelity, are representative of estuary species and
are easily maintainable in a laboratory setting. This study will focus on
the effects of EDCs such as polycyclic aromatic hydrocarbons (PAHs)
in crude oil on the ovaries of killifish utilizing Next-Generation
Sequencing (NGS). Ovaries were obtained from the following three
groups: a control non-sexually active killifish, a control sexually active
killifish, and a sexually active killifish exposed to crude oil from the
DeepWater Horizon Oil Rig. mRNA from ovaries was used by the
Illumina NextSeq 500 platform to generate high-throughput reads. The
raw reads were assembled using a De novo De Brujin graph method
using Velvet and Oases. The assembled transcripts were annotated using
BlastX against the non-redundant protein database. Further protein
classification was done using Gene Ontology (GO) and Clusters of
Orthologous Groups (COG). Metabolic pathways were analyzed using
Kyoto Encyclopedia of Genes and Genomes (KEGG). Differential
expression was conducted using the Tuxedo suite of applications, with
qPCR as a molecular verification for genes of interest. The genes were
clustered to provide heat maps for the three samples. The use of KEGG
pathways along with differential expression clusters allowed visualization
of biochemical pathways in ovaries and how these pathways are modulated in sexually active ovaries by crude oil exposure. This new method of
analyzing biochemical pathways as oppose to individual genes provided
a more global approach for understanding the adverse impacts of EDCs,
such as PAHs in crude oil, on fish ovaries.

TP093 Environmental monitoring of biofilm community structure
with flow cytometry and computer visualization
L. Sgier, Dept of Environmental Toxicology; A. Zupanic, Eawag Swiss
Federal Inst of Aquatic Science and Technology / Environmental Toxicology;
A. Kroll, Dept of Environmental Toxicology
Monitoring the ecological status of running waters involves using different species based measures, such as trophic diatom indices. Since a
diatom index value is obtained through microscopy identification of
different diatom species, it relies on specialist taxonomic skills and is
very time and resource consuming. A cheaper and faster method has
the potential to increase the amount of monitoring and reduce the time
environmental agencies need to react to deleterious changes in the
environment. We present here one such method, which is based on field
sampling of biofilms, flow cytometric analysis of the fluorescence of
the biofilm constituents (with ten different fluorescence measures) and
computer visualization. Using this method we are able to evaluate the
community structure of the biofilms, including the fraction of dying
cells, distinguish between field sites with different levels of environmental pollution and in some cases even determine the genera responsible for
the observed community changes. We also use the method for evaluation
of the community structure of laboratory-grown biofilms exposed to
different environmental stressors. Although our method lacks the species
resolution of trophic diatom indices and would therefore not be able to
replace them, we see potential for its use as a pre-screening tool.

TP092 Transcriptome analysis of reproductive mechanisms associated with disrupted testes function in killifish exposed to crude oil
F.J. Zadlock IV, C.S. Bentivegna, Seton Hall Univ / Dept of Biological
Sciences
The killifish, Fundulus heteroclitus, is a sentinel, teleost species commonly studied in aquatic toxicology. However, little is known about how
endocrine disrupting compounds (EDCs) such as polycyclic aromatic
hydrocarbons (PAHs) impact the reproduction status of F. heteroclitus from a genetic aspect. The objective of this project is to apply high
throughput sequencing to the testis transcriptome of F. heteroclitus to
clarify the molecular mechanisms underlying the impaired reproductive effects that crude oil exposure imposes on the testis. To accomplish
this, we applied Illumina NextSeq 500 technology to the following three
experimental treatments in killifish to determine the genes and molecular pathways that get turned on during sexual activation and how they
are impacted due to crude oil exposure; 1) an exposed spawning male
gavaged with crude oil collected from the DeepWater Horizon oil rig
prior to the accident; 2) a control spawning male gavaged with fish oil;
3) a control non-spawning male. Velvet/Oases was used to perform the
de novo assemblies on the generated raw reads. BLASTX was utilized
to annotate the assembled contigs against the non-redundant protein
database. To enhance the functional categorization of the annotated
contigs, they were further classified using Gene Ontology (GO),
Kyoto Encyclopedia of Genes and Genomes (KEGG), and Clusters of
Orthologous Groups (COG) databases. Differential gene expression
analysis was performed using the Tuxedo Suite. To experimentally verify
the expression analysis along with the accuracy of the assemblies and
their annotations, primers were designed based on the assembled transcriptomes and qPCR was performed. Cluster analysis was performed
to display the genes that were turned on, off, or have at least a two-fold
increase or decrease in expression between the non-spawning male, control spawning male, and exposed spawning male. Overall, this data will
enhance the capabilities for studying the killifish’s population dynamics, biomonitoring, and reproductive health and provide benchmarks for
comparative studies of other fish models.

TP094 “One Health”: Opportunities for SETAC Leadership in
Integrating Environmental, Human, and Animal Health
T. Augspurger, US Fish and Wildlife Service / Ecological Services; N. Basu,
McGill Univ / Dept of Environmental Health Sciences
“One Health” is a concept to encourage and expand interdisciplinary
collaborations in research, clinical practice, policy, and communication
related to health of people, other animals and the environment. The term
is relatively new, and it is increasingly common to see “One Health”
included by name in inter-institutional research partnerships, conferences, communications, and organizational frameworks – particularly
those championed by the human health and veterinary medical communities. However, “One Health” as a term is seldom used in SETAC
communications despite our long history of interdisciplinary environmental science (i.e., we do that work; we just call if by other names in our
journals, newsletters, and presentations). Also, environmental quality is
the least developed component in recent collaborations organized under
the “One Health” concept emphasizing human:wildlife or human:food
connections. Expertise to promote “One Health” partnerships is strong
within SETAC, particularly amongst members of SETAC’s Wildlife
Toxicology, Human Health Risk Assessment, and Ecological Risk
Assessment advisory groups. The “One Health” concept (and related
frameworks including Conservation Medicine and EcoHealth) presents
opportunities for funding, communicating our science to new outlets,
and new collaborations, particularly on the role of environmental quality
in optimizing the health of people, animals and the environment.

“One Health”: Opportunities for SETAC
Leadership in Integrating Environmental,
Human and Animal Health

TP095 Fish Tumors and One Health: Public and Environmental
Health Benefits from Efforts to Reduce Fish Tumor Prevalence
Across North America
F.E. Pinkney, US Fish and Wildlife Service / Chesapeake Bay Field Office;
J.C. Harshbarger, George Washington Univ Medical Center / Dept of
Pathology; V.S. Blazer, USGS; P.C. Baumann, USGS; M.S. Myers, Myers
Ecotoxicology Services LLC; W.K. Vogelbein, Virginia Inst of Marine
Science; M.A. Unger, College of William & Mary / Environmental and
Aquatic Animal Health
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The “One Health” paradigm is based on a general recognition that the
health of humans, animals, and the environment are inextricably linked.
Here, we discuss how exposure to polynuclear aromatic hydrocarbons
(PAHs) is associated with liver tumors in bottom dwelling fish, and
how actions to reduce that exposure have multiple benefits—to fish,
aquatic habitat, and people. Environmental managers have used tumor
prevalence as an indicator of environmental quality in designating
Great Lakes Areas of Concern, Chesapeake Bay Regions of Concern,
and contaminated sites in Puget Sound. As a symbol of environmental degradation, the reporting of areas with high rates of fish tumors
has often engaged government agencies and the public in actions to
clean up local waters. For example, liver tumors and other liver lesions
in mummichogs (Fundulus heteroclitus) have been used to rally efforts
to remediate sediment hot spots in the Elizabeth River, Virginia. At
Money Point, the public-private Elizabeth River Project between 2009
and 2013 removed more than 36 million pounds of PAH-contaminated
sediment from the river bottom and restored seven acres of wetlands and
oysters. The number of fish species increased from 4 to 26 and the rate
of cancer and pre-cancer lesions in the mummichog dropped from above
40% to almost background levels. Eagle Harbor, along Puget Sound was
designated as a Superfund site in 1987 due to long-term releases of creosote. Cleanup actions included capping 54 acres of subtidal sediment in
1993-94 and an additional 15 acres in 2000-02. In resident English sole,
Parophrys vetulus, there were statistically significant post-cap declines in
toxicopathic liver lesions along with significant decreases in measures of
PAH exposure—biliary concentrations of fluorescent aromatic compounds and xenobiotic DNA adducts in liver. Thus, sediment capping
was effective in reducing PAH exposure and associated deleterious toxic
effects. In the Anacostia River, Washington, DC the causes for the
approximately 50% decrease in liver tumor prevalence in brown bullhead
(Ameiurus nebulosus) are likely the result of multiple cleanup actions and
are recognized by the public as a sign of a river in recovery. We conclude
that the science linking PAHs with liver tumors in bottom-dwelling fish
is solid, the use of liver lesions as an environmental indicator is justified,
and that multiple benefits have resulted from cleanup actions.
TP096 Adverse Health Outcomes of Endocrine Disrupting
Chemicals Present in Hydraulic Fracturing Fluids
V. Balise, Univ of Missouri-Columbia / Biological Sciences OBGYN; C.D.
Kassotis, Duke Univ Nicholas School of the Environment; J.N. CorneliusGreen, C. Meng, S. Nagel, Univ of Missouri Columbia
Hydraulic fracturing is a drilling technique that injects pressurized
water, chemicals, and suspended solids thousands of feet under the
surface to release natural gases and oils. Over 1000 different chemicals have been reported to be used in this process and include known
neurotoxins, carcinogens, and endocrine disruptors. Previously our lab
has shown an association between hydraulic fracturing spills and an
increase in endocrine disrupting chemical (EDC) activity in surface and
ground water. Our lab has found antagonist activity in 23 of 24 chemicals tested for estrogen, androgen, progesterone, glucocorticoid, and/
or thyroid receptors. An imbalance in hormones can cause a multitude
of health problems, including decrease infertility and metabolic disease
that can be programmed early in life. We hypothesize that exposure to a
mixture of chemicals used in hydraulic fracturing will disrupt reproduction and metabolism. A lab made mixture of 23 hydraulic fracturing
chemicals at equimolar concentrations was administered via drinking
water to pregnant mice. As a first step in the analysis of fertility, mice
were exposed from gestation day 1 to 11 to assess number of implantations and embryo development. To evaluate metabolic disease, pregnant
and lactating mice were exposed from gestation day 1 to postnatal day 21
and body weight, energy expenditure, fat and lean mass was measured
in offspring. Completion of these studies will increase our knowledge
about potential adverse health effects associated with chemicals used in
hydraulic fracturing.
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TP097 Conservation Medicine, EcoHealth and One Health:
Evolving Paradigms Building Transdisciplinary Collaborations,
Integrative Research and Local Capacity
A. Aguirre, George Mason Univ / Environmental Science and Policy
The recent convergence of global problems including habitat fragmentation, biodiversity loss, human-wildlife conflict, unsustainable fisheries,
invasive species, natural catastrophes, emerging infectious diseases,
environmental contaminants, and climate change are demanding
integrative approaches crossing disciplinary boundaries. One Health
is an evolving, interdisciplinary way of approaching complex health
issues by recognizing the interconnectedness of human health, animal
health and the environment. It encourages moving out of parochial
professional perspectives toward a more holistic view of health. While
One Health emphasizes infectious disease ecology and prevention, the
revival of this concept is expanding to embrace ecosystem health, social
sciences, ecology, non-infectious and chronic diseases, biodiversity, land
use, and antimicrobial resistance. One Health is growing parallel to the
integrated approaches to health and ecology that emerged in the 1990s,
and included EcoHealth, and Conservation Medicine. EcoHealth is a
systems-based and participatory discipline to understand and promote
health and wellbeing in the context of social and ecological interactions. The pillars of EcoHealth are transdisciplinarity, participation,
gender and social equity, systems thinking, sustainability and researchto-action. Conservation Medicine has emphasized the need to bridge
disciplines, thereby linking human health, animal health, and ecosystem health under the paradigm that “health connects all species in the
planet”. The strategies of Conservation Medicine include long-term
monitoring, health assessment, and interventions to protect species,
ecosystems and humans at risk. Consistent with this philosophy and
goals, conservation medicine strives to ensure lasting local conservation impacts with global health solutions with every project by training
community leaders, volunteers and school children, in addition to professional, in-country experts. Developing practical, sustainable and effective
solutions requires a keen understanding of local socio-economic factors
and a solid grasp of complex national and regional health and environmental policies. One Health, EcoHealth, and Conservation Medicine
represent great opportunities to toxicologists and chemists to reach out
for new collaborations by offering their environmental quality expertise
to partnerships focused on solutions that work for humans, other animals, and the environment.
TP098 One Health Case Study: Bridging Environmental and Public
Health Concerns Post-DWH Oil Spill in Coastal Gulf Communities
A.S. Kane, M. Charles, Univ of Florida, College of Public Health & Health
Professions / Dept of Environmental and Global Health; R. Brooks, Univ of
Florida / Dept of Environmental and Global Health; L. Stuchal, S. Roberts,
Univ of Florida / Center for Environmental and Human Toxicology;
A. Mathews, Univ of Florida / Food Science and Human Nutrition; J.
Blackburn, Univ of Florida / Geography; A. Lindsey, T. Irani, Univ of
Florida / Center for Public Issues Education; B. Brumback, Univ of Florida,
College of Public Health Health Professions / Biostatistics; S. Hartsfield,
Franklin County Seafood Workers Association; J. Taylor, Franklins Promise
Coalition; R. Cantwell, Cedar Key Seafood Association; G. Morris, Univ of
Florida, College of Medicine / Emerging Pathogens Inst
Communities along the northern Gulf of Mexico have long been dependent on the well-being of coastal ecosystem resources for their economy,
commercial and subsistence seafood harvests, and the remarkable
environment they call home. The 2010 DWH oil spill was a devastating
environmental event that directly and/or indirectly harmed these communities regardless of the presence of physical oiling of their shorelines.
In response to GoM coastal community concerns, we developed a
transdisciplinary team to address the analytical toxicology, risk assessment and communication issues that could both protect public health
as well as support needed family- and community-based resiliency after
the disaster. Our research team, with expertise in environmental and
analytical toxicology, aquatic pathobiology, risk assessment, food science
and human nutrition, GIS and geography, biostatistics, and community
outreach and pubic issues education, along with our community partners,
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was supported by the NIEHS to fill critical gaps left by NOAA and
USFDA by measuring locally-caught and consumed seafood types, and
from locations not surveyed by state or Federal agencies. Results from
over 1,000 finfish, shrimp, blue crab, oyster were sampled from Gulf
coastal waters between November 2010 and February 2013, and were
analyzed using GC/MS-SIM. The sum of parent polycyclic aromatic
hydrocarbons (PAHs), and associated C1-3 alkyl homologs, revealed that
74% of samples were below detection limits; 23% were between 0.1-0.9
ng/g; and 3% were between 1.0 and 48.0 ng/g wet weight. Community
seafood consumption patterns were assessed using a food frequency questionnaire. Upper percentile seafood consumption for Gulf coast survey
participants was 231-298% higher for finfish, and 536-984% higher for
shellfish, compared with upper percentile national estimates based on
NHANES. The One Health approach reflected in this study supported
needed community-based science to address environmental health
concerns and integral public health issues related to family and mental
health, identifying resources within and between communities, and fostering community resiliency. Analytical toxicology data, combined with
consumption patterns of coastal high-end consumers of inshore Gulf
seafood, are being used to refine outreach and resiliency programs, and
develop probabilistic, community-based risk assessments.

Assessing the Environmental Fate and
Exposure of Engineered Nanoparticles Under
Relevant Conditions
TP099 Consequence of oxidative stress caused by the metal oxide
nanoparticle ZnO in the nematode Caenorhabditis elegans
L. Bush, East Carolina Univ / Graduate Biology; X. Pan, East Carolina
Univ / Biology
Metal oxide nanoparticles (NPs) such as ZnO are frequently used in
consumer products such as sunscreen, cosmetics, toothpaste, and textiles.
Previously, our studies and others have shown that ZnO NPs induce
oxidative stress and increased apoptosis in Caenorhabditis elegans (C.
elegans). In this study we will investigate the in vivo toxic effects of ZnO
NPs on C. elegans, such as foraging and reproductive success. We firstly
measured gene expression of oxidative stress response related genes
such as drp-1, fzo-1, eat-3, moma-1, immt-1, chch-3, immt-2, dic-1,
ced-9, egl-1, fis-1, fis-2, mff-1, mff-2, act-3, nd4, sod-2, and sod-3. We
found that several genes are expressed aberrantly at different concentrations of ZnO NP treated groups as compared to control. Mutant strains
that related to oxidative stress response will be used in future experiments and RNAi will be used to test the functions of different genes in
response to oxidative stress.
TP100 Copper Nanoparticle Induced Cytotoxicity to Nitrifying
Bacteria used in Wastewater Treatment: A Copper Speciation Study
by XAFS
J.G. Clar, X. Li, V. Kapoor, USEPA; C.A. Impellitteri, USEPA / Water
Supply and Water Resources Division; J.W. Santo Domingo, USEPA /
Cincinnati; T.P. Luxton, Office of Research Development
With the continued inclusion of engineered nanomaterials in industrial processes and consumer products, wastewater treatments plans
will serve as a major sink for these emerging containments. Previous
research has demonstrated that metal and metal oxide nanomaterials
are potentially toxic to a variety of microbial communities utilized in
biological wastewater treatment. Copper based nanoparticles (CuNPs)
are of particular interest based on their increasing use in wood treatment,
paints, household products, and coatings. A critical step in biological
wastewater treatment is nutrient removal via denitrification. Accordingly,
this study examined the potential toxicity of bare and PVP coated CuO,
and Cu2O nanoparticles, as well as Cu(II) ions to microbial communities typically responsible for nitrogen removal in biological wastewater
treatment. Inhibition of biological activity was inferred from the difference between the measured maximum specific oxygen uptake rate

(sOUR) in the absence and presence of Cu(II) and CuNPs at various
concentrations. X-ray adsorption fine structure spectroscopy, with Linear
Combination Fitting (LCF) analysis, was utilized to track changes to
Cu speciation throughout exposure. The results of this study indicate
microbial inhibition is linked to the release of Cu ions from CuNPs during exposure, with the presence of a coating having limited effect on the
observed inhibition. Additionally, partitioning analysis demonstrates the
ability of CuNPs to remain stable in the water column during treatment,
highlighting their potential for transport through wastewater treatment
systems. LCF fitting of the biomass and solution combined with the
adsorption isotherm data supports the current theory that Cu-induced
cytotoxicty is primarily caused by reactive oxygen species formed from
ionic Cu in solution via catalytic reaction intermediated by reduced Cu(I)
species.
TP101 Detection of Metal-Based Nanoparticles in Various
Environmental Matrices using Single Particle ICP-MS
C. Stephan
During the last decade, the production and use of engineered nanomaterials (ENMs) have experienced a drastic increase, resulting in a potential
risk of their release into the environment. Therefore, the study of their
impact on the environment becomes crucial. The appropriate ecological
risk assessment and management of ENMs in the environment requires
quantitative measurements of both exposure and effects1 that should,
ideally, be performed by in situ analysis and give physicochemical characterization. However, most analytical techniques are not suitable for
environmental matrices since nanoparticle concentrations are typically
very low2. Historically, particle size has been measured by dispersive
light scatter (DLS) and tunneling electron microscopy (TEM), while
dissolved content has been measured by ultrafiltration. These common
techniques have known limitations for measuring low concentrations in
the presence of colloidal species in complex waters. Alternatively, single
particle inductively coupled plasma mass spectrometry (SP-ICP-MS) is
emerging to be the golden technique for detecting, sizing and counting metallic nanoparticles at very low concentrations. SP-ICP-MS is
fast and efficient and can provide more information than other currently
available techniques without complex sample preparation. It can lead
to the determination of particle size, size distribution, particle number
concentration, and the concentration of dissolved metal all in a single
analysis without prior separation in around one minute of sample analysis. The aim of this work is to investigate the efficiency of SP-ICP-MS
for the detection and characterization of metal nanoparticles in various
environmental matrices from drinking, to surface and to waste waters.
TP102 Determination of Nanosilver Particles in Environmental
Water
S. Chen, Beijing Univ of Technology / College of Environmental and Energy
Engeneering; Y. Sun, Beijing Univ of Technology / Environmental Science; J.
Cao, National Inst of Metrology / Chemical Metrology and Analytical Science
Division
The method of separation, enrichement and determination of AgNPs
in environmental waters using dispersive liquid-liquid microextraction combined with inductively coupled plasma mass spectrometry
(IL-DLLME-ICP-MS) was established. Ionic liquid (IL), 1-octyl3-methylimidazolium hexafluorophosphate ([OMIM]PF6), was used as
the extractant and methanol as dispersion solvent, AgNPs in waters were
fistly extracted into ionic liquid phase, then their concentrations were
determinated by ICP-MS.Meanwhile, ultraviolet-visible spectroscopy
(UV-vis) and transmission electron microscope (TEM) were used for
characterizing of AgNPs before and after the extraction.. It was showed
that the shapes and sizes of AgNPs could be preserved before and after
IL-DLLME procedure. The optimized condition for extraction of silver
nanoparticles is that: the concentration of ionic liquid is 1%(w/v), the
extraction temperature is 30°C, the extraction time is 30min, the centrifugation is conducted at 4500 rpm for 5min and the pH value is 6.8.
At the optimized conditions, the highest extraction efficiency for AgNPs
was above 90% with an enrichment factor of > 90 and a detection limit
of 0.01µg/L. Common cations such as K+, Na+, Ca2+, Mg2+ and other
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trace environmental ions such as Mn2+, Co2+, Zn2+, Ni2+, had little
influence on the extraction efficiency at the environmental concentration level. The interference with the extraction process of Ag+ could be
negligible when the concentration of Ag+ was lower than 2mg/L. The
developed method was applied to analyze the AgNPs in influents and
effluents of WWTP, Jingmi River, Yongding River, Summer Palace
Fuhai and Olympic Green River with the developed method. The results
showed that the recoveries at spiked levels of 0.11-4.7µg/L of AgNPs
were in the range of 71.0-90.9%.
TP103 Form and toxicity of copper released into aquatic systems from
conventionally and nano-sized copper treated lumber
A.N. Parks, M.A. Cashman, M.G. Cantwell, D. Katz, K.T. Ho, R.M.
Burgess, USEPA / Atlantic Ecology Division
The fate and effects of pristine engineered nanomaterials (ENMs) in
simplified systems have been widely studied; however, little is known
about the potential release and impact of metal ENMs from consumer
goods, such as lumber treated with micronized copper. Micronized
copper treatment solutions contain copper complexes predominately in
the 10-700 nm size range, and are used in lumber to prevent microbial
degradation. In this work, the goal was to determine the form of copper
released from several commercially available pressure-treated lumber
samples immersed in 0, 1, 10, and 30 ppt seawater and whether the
resulting leachate poses an unexpected toxicity risk. Untreated Southern
Yellow Pine (SYP) and SYP treated with micronized copper azole
(MCA) at 0.96 and 2.4 Kg/m3, alkaline copper quaternary (ACQ ) at
0.30 and 9.6 Kg/m3, and chromated copper arsenate (CCA) at 40 Kg/
m3 were evaluated at each salinity. Of the different treatments, only
MCA included nano-sized copper complexes. The experimental system
utilized 8 cm3 blocks cut from the outer surface of the lumber submerged in 250 mL of media (0, 1, 10, and 30 ppt reconstituted seawater).
Water was sampled at 0.33, 1, 2, 7, 14, 28, and 133 days. Subsamples
included unfiltered water, and water filtered through a 0.1 µm polyethersulfone (PES) syringe filter and a 3000 Dalton centrifugal filter, which
were analyzed using ICP-AES to determine the total, nano+ionic copper
(< 0.1 µm subsample), and approaching ionic copper (< 3000 Dalton
subsample) concentrations. Within 28 days, most treatments reached
a steady state of copper release with no significant difference between
subsamples within a treatment. This suggests that all the copper released
was accounted for in the approaching ionic copper fraction. The results
of the long term leaching study were confirmed by comparison of ion
selective electrode measurements to subsamples analyzed via ICP-AES.
The leachate was also used in parallel with a copper ion positive control
(CuSO4) to perform a 96 hour toxicity study with the marine mysid,
Americamysis bahia. The resulting dose response curves and calculated
LC50 values were not significantly different, further supporting the
previous results. Overall, these results demonstrate that the copper form
released from treated lumber was ionic and not nanocopper. This finding suggests the risk associated with nanocopper treated lumber can be
addressed with existing copper ion modeling approaches.
TP104 NANOHETER - an ERA-NET SIINN Programme (2013–
2016), Assessing the fate of manufactured nanoparticles released in
surface water
J. Labille, CNRS; D. Slomberg, CNRSAix-Marseille Université; P. Ollivier,
S. ILINA, BRGM; M. Scheringer, ETH Zurich / Inst of Sustainable and
Environmental Chemistry; N. Sani-Kast, ETH Zurich; A. Praetorius,
Univ of Vienna / Dept of Environmental Geosciences; O. Radakovitch, AixMarseille Univ; N. BARAN; B.C. Jorgenson, Pacific EcoRisk
In predicting the fate of engineered nanoparticles (ENPs) in natural
surface waters, environmentally relevant conditions should be applied
with regard to system composition and the ENP concentration (µg/L
range). These conditions are likely to favour heteroaggregation of the
ENPs with naturally occurring suspended particulate and dissolved
organic matter. Herein, we evaluated the fate of titanium dioxide (TiO2)
nanoparticles in surface waters sampled from a river (Rhône river,
France) rich in mineral suspended particulate matter (SPM) and a lake
(Cholet, France) with high natural organic matter (NOM) content.
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The TiO2 nanoparticles were spiked into each of these systems, and
the kinetics of heteroaggregation and the sticking efficiencies between
the nanoparticles and the natural suspended matter were determined.
Studies were also conducted in synthetic waters of comparable composition to better understand the driving physico-chemical factors in
the observed heteroaggregation. Furthermore, the pH, ionic strength,
elemental composition, and SPM and NOM contents of the waters were
assessed to elucidate the key contributors in NP fate. Under suitable
physico-chemical conditions, the TiO2 nanoparticles demonstrated a
significant affinity for the mineral SPM, with rapid heteroaggregation
of the system and sedimentation of the resulting aggregates. Together,
these holistic data, coupled to a river-scale fate model, will aide in
ranking potential ENP fate scenarios and assessing ENP risk within
natural aqueous environments. Work funded by the French National
Research Agency and the Swiss FOPH as NANOHETER under the
frame of SIINN. References D. Slomberg et al., Characterization of
suspended particulate and natural organic matter in the Rhône River:
Insights into selecting surface water analogues. Environmental Chem,
Submitted (2015). A. Praetorius, et al., Heteroaggregation of titanium
dioxide nanoparticles with model natural colloids under environmentally
relevant conditions, Environ. Sci. Technol. 48, 10690 (2014) J. Labille
et al., Heteroaggregation of titanium dioxide nanoparticles with natural
clay colloids under environmentally relevant conditions. Environ. Sci.
Technol. In press (2015) N. Sani-Kast et al., Addressing the Complexity
of Water Chemistry in Environmental Fate Modeling for Enginered
Nanoparticles, Journal of the Total Environment, in press (2015)
TP105 Nanoparticles and bacterial biofilm interactions in natural
waters: Implication for NPs mobility
P. Ollivier, J. Hellal, L. Jolly, C. Michel, G. Wille, C. Mouvet, BRGM
The mobility, fate and reactivity of NPs in groundwater are controlled
by the intrinsic properties of the NPs (e.g., composition, size and size
distribution, density, shape, nature of the suspension, surface chemistry)
as well as by the environmental conditions (e.g groundwater and aquifer
solids composition). Though biofilms have been reported to interact
with NPs in saturated porous media (Lerner et al., 2012), the effects
of biofilms on the mobility of reactive NPs remain poorly studied. As
a part of the NANOREM project, our work presented here focuses on
interactions between complex biofilms developed from contaminated
groundwater under anaerobic conditions and zero valent iron (ZVI) NPs
(NanoFer 25S; NANOIRON, 1g/L). The influence of the presence of
microbial communities on the mobility of a NP suspension was investigated by laboratory experiments using glass columns. Biofilms were
grown for 2 months from natural groundwater in 20cm-long column
(2.5 cm in diameter) containing sand under anaerobic conditions. NPs
suspension mobility was determined for high velocity conditions (i.e.,
10m/d) in the absence and the presence of biofilm in the column. Before
the NPs injection, SEM and Fluorescence images show a high density
of bacteria and EPS in the column. The Fe concentration breakthrough
curves indicate that the mobility of NPs through the sand in the absence
and the presence of biofilm is low, with less than 1% of the total injected
Fe NPs found in the effluent. Consequently, the influence of the biofilm
on the retention of NPs within the sandy material of the column is not
obvious. However, at the end of the experiment, the analysis of the sand
from the column containing the biofilm shows that the variation of Fe
content is concomitant with that of total organic carbon (TOC) strongly
suggesting NPs-biofilm interactions. The influence of biofilm on mobility and reactivity of optimized ZVI NPs (more mobile but still reactive)
is in progress.
TP106 Phytoavailability of Nanoparticles at low concentration using
the RHIZOtest Protocol
C. Layet, CEREGE; M. Auffan, iCEINT / International Consortium
for the Environmental Implications of Nanotechnology; C. Santaella,
CNRS/CEA/Aix-Marseille Université / Plant Biology and Microbial
Biotechnology; S. Legros, E. Doelsch, CIRAD
The development of nanotechnologies and the nanomaterial’s integration in current products asks the question of the behavior and transfer of
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these news elements in the different compartments of the environment.
Nanoparticles can be released in wastewater sludge used in agriculture.
This implies to carefully study the soil/plant transfer of Nanoparticles at
environmentally relevant concentrations, and to model their phytoavailability as a function of soil, plant, and Nanoparticle properties. The
present work aims at estimating the impact of these various parameters
(clays content, organic matter concentration, pH, coating and shape of
Nanoparticle) in phytoavailability. Since hydroponic cultures do not
allow studying the soil/Nanoparticle or the soil/plant interactions, we
used the RHIZOtest (ISO 16198), a biotest that allows cultivating
plants on soil separated by a polyamide mesh (pore size: 30 µm). Tall
Fescue (Festuca arundinacea) was placed in contact with several soils contaminated with either CeO2 Nanoparticles (citrate-coated or uncoated),
and dissolved Cerium. The concentrations for CeO2 Nanoparticle treatment were 1, 15 and 50 mg/kg in soils. The results of those RHIZOtest
highlight a “coating effect” with CeO2 Nanoparticles in term of flow
of Ce interacting with the roots. The Ce flows in the presence of coated
CeO2 are higher than dissolved Ce, or uncoated CeO2. CeO2 flows
depend on the type of soil used (clay soil versus sandy soil). The soil
governs the cerium concentration in the soil solution and the phytoavailability. Moreover, XANES at the Ce L3-edge do not show any change
in the oxidation state of the CeO2 Nanoparticles in the roots showing
that the CeO2 Nanoparticles do not dissolve in plants.
TP107 Release of Micronized Copper Particles from Pressure Treated
Wood Products
K. Rogers, USEPA; T.P. Luxton, Office of Research Development; J.L.
Griggs, ORISE at USEPA; K. Bradham, USEPA
Micronized copper pressure treated lumber (PTL) has recently been
introduced to the consumer market as a replacement for ionized copper
PTL. The presence of particulate rather than aqueous copper raises concerns about possible human or environmental exposure. Two common
pathways of exposure, leaching during contact with water and transfer
during physical contact, were investigated to determine potential risk
during intended use of the product. Characterization, leaching tests, and
wipe tests were conducted on two representative formulations of micronized copper PTL (micronized copper azole or MCA) to quantify the
levels of copper present in the treated material and the amount of copper
released during use as well as to determine the form (particle or ion) of
the copper after it was released. Additionally, an ionized copper pressure
treated wood (alkaline copper azole or ACA) was tested for comparison. The characterization showed that copper carbonate is the primary
particle form in the MCA treated wood, however, organically complexed copper is also present. Electron microscopy showed the presence
of Nanoscale to microscale particles in the PTL. The leaching results
indicate that mostly (> ~95%) ionic copper is released from the MCA
wood and that the particulate copper that was released is attached to
cellulose and not free in solution. MCA released significantly less copper
than the ACA, suggesting a lower potential impact on the environment.
The wipe tests, developed by the Consumer Product Safety were used as
a surrogate for transfer of copper through hand contact. The results show
that the MCA and ACA wood release approximately the same amount
of copper with each contact and that the amount of copper released is
high initially, but decreases to a constant level after being wiped 2-3
times. Weathered PTL (both MCA and ACA) showed a higher residual
copper transfer, suggesting that weathering may result in higher surface
concentrations after the initial transfer.
TP108 The role of pesticides in stability of TiO2 nanoparticles in
natural waters
S. ILINA, BRGM; N. BARAN; D. Slomberg, CNRSAix-Marseille
Université; N. Sani-Kast, ETH Zurich; J. Labille, CNRS; M. Scheringer,
ETH Zurich / Inst of Sustainable and Environmental Chemistry; P.
Ollivier, BRGM
The increasing production and use of nanoparticles (NP) in consumer
products inevitably lead to ENP emissions into the environment. The
physicochemical properties of NP depend on various parameters (e.g.,
pH, cations, IS). In natural waters, the stability of NP can vary as a

function of a sum of these parameters and occurs by one of the numerous
scenarios. In particular, the presence of anthropogenic organic molecules
(AOM) can change the NP fate. Also, the presence of NP may affect
the organic pollutants (fate and toxicity). The main objective of the work
was to study the aggregation of TiO2 NP (pure hydrophilic 100 % rutile
and pure hydrophilic 100 % anatase, 5−30 nm) in the presence of the
most frequently occur and representative pesticides (glyphosate, AMPA,
2.4D) in natural waters considering lab experiments under various modeled water conditions (pH, ionic strength, presence and concentrations of
mono- and bivalent cations). The presence of pesticides (5µg/L) affected
TiO2 NP (5 mg/L) homoaggregation in solutions (IS=10-3M - 10-2M)
with pH values below the NP point of zero charge (PZC) for the anatase
NPs (pH=6.5) and with pH values above the NP PZC for the rutile NPs
(pH=4.5). No changes in NP aggregation were observed in very low
(IS=10-4M) or very high (IS= 10-1M) ionic strength solutions. Passing
through the PZC resulted in irreversible aggregation of the NPs, even
in the presence of AOMs. The presence of the pesticides also caused a
significant modification of the NP surface charge (zeta potential) over
a large range of salt concentrations (IS=10-4M - 10-1M). Compared to
mono-valent cations (Na+), bi-valent cations (Ca2+) favor an increase in
zeta potential of NP (anatase and rutile) at pH 8. There is no significant
difference between at pH 5. Finally, these results demonstrated that,
among the studied AOMs, glyphosate (with 4 pKa-s from 0.8 to 11)
affects NP aggregation/stabilization in a wider range of physicochemical
conditions. Overall, these results will aid in the evaluation of potential
environmental risks posed by engineered NPs in the aquatic environments exposed to pesticide load.

Mercury in Western North America: A
Synthesis of Spatiotemporal Patterns,
Biogeochemistry, Bioaccumulation and Risk
TP109 Decadal Trends in Fish Mercury Concentrations and
Comparison to Health Criteria, Rocky Mountain National Park,
USA
C. Flanagan Pritz, National Park Service / Air Resources Division; C.
Eagles-Smith, FRESC; J. Willacker, USGS / FRESC; D. Campbell, USGS;
A. Mast, USGS / Colorado Water Science Center; D. Landers, USEPA; C.
Kennedy, USFWS; M. Watry, NPS / Rocky Mountain National Park; K.
Morris, NPS / Air Resources Division
Rocky Mountain National Park (RMNP), a protected area considered
to be relatively pristine and removed from most environmental contaminants, not only contains levels of mercury in some fish that exceed
human and wildlife health thresholds, but is also experiencing increased
concentrations of mercury in fish over time. We measured mercury
(Hg) in a total of 579 fish comprising 5 species that were collected from
2003–2012 across 19 water bodies at RMNP. Across all sites, fish Hg
concentrations ranged from approximately 2.0 to 526 ng/g ww, with a
mean of 75.1 ng/g ww. Within 17 distinct fish populations at 14 of the
sites, the same fish species were sampled by separate studies to illuminate decadal differences in mercury concentrations. In three-fourths
of the fish populations, intraspecific mercury levels increased 1.5-fold
over time. Factors contributing to this finding could include shifting
food web dynamics, increased methylmercury production, and increased
or cumulative mercury deposition. Additionally, the most recent fish
dataset (Eagles-Smith et al. 2014; n=385) was compared to a range of
toxicity thresholds including fish (NOER; 200 ng/g ww in whole-body),
avian (90 ng/g ww in whole-body), and human (300 ng/g ww in muscle
tissue) health benchmarks. Concentrations varied by more than 6.5-fold
between the sites with the lowest (Lake Haiyaha; 19.8 ng/g ww) and
highest (Mirror Lake; 121.2 ng/g ww) average concentrations. Two
percent of fish in the dataset exceeded the NOER, while 15 percent of
fish exceeded the highly sensitive fish-eating bird health threshold. Three
percent of fish exceeded the EPA human health criteria. Exposure to
high levels of Hg in humans may cause damage to the brain, kidneys,
and the developing fetus. In wildlife, elevated Hg levels can result in
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reduced foraging efficiency, survival, and reproductive success. Much of
the mercury found in these mainly high elevation areas is likely the result
of air pollution that travels to the park from outside park boundaries.
TP110 Mercury in Grand Portage: Tree Swallows as a Bioindicator of
Terrestrial and Aquatic Health
S. Libal, C. Isaacson, Bemidji State Univ / Environmental Studies; B. Seitz,
Grand Portage National Monument
Nationally, avian exposure to mercury (Hg) is a significant environmental problem and may be a particular problem for Grand Portage
National Monument (GRPO) because, dragonfly larvae collected during
2011-2012 from three creeks in GRPO showed the highest concentrations of mercury for all regional national parks. Additionally, GRPO
soil samples, collected and analyzed in 2012, had 4-fold greater total
Hg:organic matter ratio than samples taken from forests in other regions
of the western Great Lakes. These results are consistent with historical
data, which showed elevated levels of Hg in water, soil, dragonfly larvae
and fish, collected from GRPO and surrounding Grand Portage tribal
lands. Tree swallows are small, far ranging and abundant birds. As cavity
nesters, they are limited by the number of nesting sites available to them,
and therefore, are readily attracted to artificial nesting boxes. This nesting behavior makes tree swallows an attractive biomonitoring species.
Tree swallow Hg exposure at GRPO will be assessed by analyzing Hg in
tree swallow eggs, which will then be compared to similar tree swallow
studies conducted throughout the Midwest and across the US. Water
samples and dragonfly larvae will also be collected to determine if there
is a direct linkage between mercury at lower levels of the food chain and
the mercury in tree swallows. Finally, reproductive success of tree swallows from GRPO and previous studies will be compared to determine in
reproductive impairment of tree swallows at GRPO is occurring.
TP111 Mercury in major tributaries of the Athabasca River in the
Athabasca oil sands region of Northern Alberta, Canada
J.L. Kirk, Environment Canada / Aquatic Contaminants Research
Division; P. Chambers, Environment Canada / Watershed Hydrology
Effects Research Division; A. Alexander Trusiak, Environment Canada;
C. Cooke, Alberta Environmental Monitoring, Evaluation and Reporting
Agency / Environment and Sustainable Resource Development; A. Gleason,
Environment Canada; C. Wong, Univ of Toronto; J. Power, Univ of
Waterloo
Rapid development of bituminous oil sands deposits in Northern
Alberta, Canada over the last three decades has raised concerns about
potential environmental impacts on aquatic ecosystems of the region,
including parts of Athabasca River and tributaries which lie within 50
km of the major oil sands (OS) developments. The Athabasca River is
fairly large (cumulative drainage area of 95 300 km2) and drains into the
Peace-Athabasca Delta, which is located ~200 km north of the major OS
developments. Of the contaminants that are released from OS-related
activities, mercury (Hg) and methyl Hg (MeHg; a toxin that biomagnifies through foodwebs) are currently of concern because local peoples
have traditionally relied for hunting and fishing for food in this region
and a Hg consumption advisory was recently issued for gull and tern
eggs at two locations in the Peace-Athabasca Delta. Potentially important local sources of Hg to the Athabasca River and its tributaries include
atmospheric deposition, erosion due to landscape disturbance, tailings
pond seepage, and natural seepage and runoff from bitumen deposits.
As part of a larger program examining contaminants and nutrients in
tributaries of the Athabasca River, we are measuring total Hg (THg)
and MeHg in five tributaries that have varying degrees of oil sands
development on their catchments: the Firebag, Muskeg, Mackay, Ells,
and Steepbank rivers. From 2012-2014, river samples were collected at
both upstream and downstream sites every 1-3 days during the high flow
season and every 1-2 weeks throughout the summer and fall. Results
from 2012 suggest that THg concentrations are tightly linked to hydrologic discharge, with highest concentrations (up to 10 ng/L) observed in
the Mackay, Steepbank and Ells rivers. MeHg showed different trends,
with highest concentrations (up to 0.3 ng/L) observed in the Muskeg and
Mackay rivers in late summer when methylation activity is likely highest.
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We are currently using a GIS approach to examine potential drivers of
THg and MeHg exports to the Athabasca River from these tributaries.
Results to date show a strong relationship (r2= 0.72, p< 0.01) between
wetland extent specifically bogs and fens, and MeHg exports, suggesting that bog and fens are significant exporters of MeHg to surrounding
waterbodies. Currently, we are examining potential controls on THg in
these rivers, including the extent of different types of industrial developments and natural bitumen deposits.
TP112 Occurrence, transport and mobility of mercury, arsenic and
antimony in the Yellow Pine mining district, Idaho, USA
J.M. Holloway, A. Etheridge, M. Pribil, R.B. McCleskey, D.P.
Krabbenhoft, USGS; J.F. Dewild, USGS / Wisconsin Mercury Research
Laboratory
The Yellow Pine mining district, at the headwaters of the East Fork
South Fork Salmon River (EFSFSR) has had historical antimony, gold,
and mercury mining activity since the early 20th Century. The EFSFSR
provides critical habitat for spawning Chinook salmon, steelhead trout
and bull trout, and is within the Nez Perce Tribal ceded lands. The
USEPA placed the EFSFSR on the National Priorities List in 2001 due
to elevated trace metal concentrations of sediments and water. Water
Quality monitoring at the EFSFSR and Meadow Creek and Sugar
Creek tributaries has shown that arsenic and antimony are dominantly
associated with the dissolved (< 0.45µm) phase, whereas mercury associated with suspended sediments increase markedly (>0.45µm) at high flow
regimes accompanying snowmelt, which mobilizes pore waters from
watershed soils and mine waste. Discharge and water quality data were
used to calculate daily, monthly, and annual loads. The model showed
large increases in arsenic and antimony concentrations in discrete reaches
of the EFSFSR that correspond with with relatively small increases in
discharge, consistent with a dominant groundwater source for these
trace-metals. Cinnabar Creek, a tributary to Sugar Creek, directly drains
a legacy mercury mine site. Elevated concentrations of mercury, arsenic,
and antimony are associated with calcines and waste rock (10.5 -1030 mg
Hg kg-1; 160 - 520 mg As kg-1; 205 - 347 mg Sb kg-1) and Cinnabar
Creek sediments (97 - 137 mg Hg kg-1; 160 - 169 mg As kg-1; 40 - 53
mg Sb kg-1). Poor solubility and/or sorption limit aqueous concentrations of these trace-metals.. There are elevated concentrations of mercury
and (32 ng Hg L-1) and methylmercury (9 ng MeHg L-1) in water from
Cinnabar Creek directly below mining activity. Mercury concentrations
in a Cinnabar Creek tributary with no mining activity (16 ng Hg L-1;
0.06 ng MeHg L-1) presumably reflect the geologic background concentration of mercury in this source area, with possible input from localized
atmospheric deposition from past on-site retort of mercury ore. These
data reflect a complex array of processes that affect mercury, arsenic and
antimony mobility from the Yellow Pine mining district.
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Building a Weight of Evidence for
Bioaccumulation Assessment
TP113 In Vitro Fish Hepatic Metabolism: Overview of Ring-Trial to
Evaluate Transferability, Intra- and Interlaboratory Reproducibility
M.R. Embry, ILSI Health and Environmental Sciences Inst (HESI);
M. Bernhard, The Procter & Gamble Company / Env Stewardship and
Sustainability; J.W. Davis, Dow Chemical Company / Toxicology and
Environmental Research and Consulting; J. Domoradzki, Dow Corning
Corporation / Health and Environmental Sciences; K.A. Fay, Univ of
Minnesota - Duluth / Biology; I. Bischof, Fraunhofer IME - Inst for
Molecular Biology and Applied Ecology; M. Halder, European Commission
Joint Research Centre / DG Joint Research Centre IHCP EURL ECVAM;
X. Han, DuPont; J. Hu, The Dow Chemical Company / Toxicology and
Environmental Research and Consulting; K. Johanning, KJ Scientific LLC;
H. Laue, Givaudan Schweiz AG / Fragrances S T; D. Nabb, DuPont; J.W.
Nichols, USEPA / ORD NHEERL Mid-Continent Ecology Division; C.
Schlechtriem, Fraunhofer IME / Bioaccumulation and Animal Metabolism;
H. Segner; L. van der Wal, Joint Research Centre / Environment Health and
Safety Division Environment Directorate; J.A. Weeks, S.C. Johnson & Son,
Inc. / Environmental Safety
The bioaccumulation potential of a chemical is important information
required in many pieces of chemical legislation, and may be used for
hazard classification and for the assessment of persistency (P), bioaccumulation (B) and toxicity (T). A Bioconcentration Factor (BCF)
is determined for this purpose using either prediction techniques or
experimental studies, typically in fish. Ideally, these assessments are
performed using in silico and/or in vitro methods to reduce the number
of animals used for testing. In vitro methods employing cryopreserved
trout hepatocytes and liver subcellular fractions (S9) can be used to
estimate whole-body rates of metabolism, which can then be used as
model inputs to predict chemical bioaccumulation. Predicted levels of
accumulation obtained in this manner are generally closer to measured
values than predictions obtained assuming no metabolism, suggesting
that these methods could provide critical information as part of a weightof-evidence approach to bioaccumulation assessment. Regulatory use of
these procedures requires, however, that they be evaluated to determine
the transferability of the methods and their reproducibility within and
among laboratories. Building on previous work, a ring-trial was led by
the ILSI Health and Environmental Sciences Institute (HESI) with
the aim to support the development of an OECD Test Guideline for in
vitro fish hepatic metabolism (OECD Project 3.13). The approach uses
substrate depletion methods to determine the rate at which the in vitro
test systems (rainbow trout liver S9 fractions and cryopreserved hepatocytes) metabolize selected test chemicals. This information can then be
extrapolated to the whole liver to provide a direct basis for comparison.
The ring-trial involved six laboratories and assessed six chemicals in both
test systems. The performance of the two in vitro metabolism systems
were evaluated within and across the test laboratories assessing transferability, intra- and interlaboratory reproducibility, and in vitro intrinsic
clearance comparison between the two test systems. This poster will provide an overview of the ring-trial study design, timeline, and structure.
The views, conclusions and recommendations expressed in this poster are
those of the authors and do not necessarily represent the policies or positions of the European Commission, the OECD, or the USEPA.
TP114 Regulatory Perspective: Challenges in the Assessment of
Aquatic Bioaccumulation of Pesticides
J.B. Holmes, Environmental Assessment Directorate; C. Quinn, Golder
Associates Ltd; M. Kivi, R. Currie, Pest Management Regulatory Agency
Health Canada
Canada’s Pest Management Regulatory Agency (PMRA) considers
information from a wide variety of sources to assess the bioaccumulation and biomagnification potential of pesticides (e.g., data generated
by industry, information from international regulatory organizations,
published scientific literature and incident reports). This presentation
will summarize challenges that the PMRA has encountered with the

assessment of bioaccumulation for pesticides. Domestic and international
guidance indicate that field-derived bioaccumulation factors (BAFs)
should be considered more environmentally relevant than laboratoryderived bioconcentration factors (BCFs) because field-derived BAFs
consider “real-world” exposure and elimination routes. However, there
are limitations to relying solely on BAFs. In the decision making process,
the numerical criterion for bioaccumulation are employed, however, this
criterion varies between regulatory bodies (e.g., BCF = 2000 or 5000)
as does the rationale for establishing these values. The bioaccumulation
criterion was originally developed for organochlorine compounds and
this may not be appropriate for newer pesticide chemistries (e.g., perfluorinated substances, nanomaterials). This criterion also does not take into
account the biological differences between organisms (e.g., metabolism)
or the chemical and biological dependence on environmental conditions
(e.g., route of exposure, bioavailability). BCF values below these thresholds do not necessarily mean there are no effects or no risk. The PMRA
considers biomonitoring data to be a useful indicator of accumulation and
temporal trends under natural conditions. However, this information can
be difficult to interpret without information that relates residue levels to
lethal and sublethal effects. Another challenge includes how to consider
transformation products (metabolic and/or environmental) identified as
bioaccumulative and/or toxic; should they be assessed separately or as
a combined residue? Evaluating, understanding and integrating these
concepts are necessary to implementing a robust weight-of-evidence
approach for assessing potentially bioaccumulative chemicals.
TP115 Statistical Approach to Inform the Study Design of an Interlaboratory Comparison of In Vitro Methods to Estimate Fish Hepatic
Metabolism
J.W. Davis, Dow Chemical Company / Toxicology and Environmental
Research and Consulting; M.R. Embry, ILSI Health and Environmental
Sciences Inst (HESI); K.A. Fay, Univ of Minnesota - Duluth / Biology;
M. Bernhard, The Procter & Gamble Company / Env Stewardship and
Sustainability; I. Bischof, Fraunhofer IME - Inst for Molecular Biology
and Applied Ecology; J. Domoradzki, Dow Corning Corporation / Health
and Environmental Sciences; M. Halder, European Commission Joint
Research Centre / DG Joint Research Centre IHCP EURL ECVAM;
X. Han, DuPont; J. Hu, The Dow Chemical Company / Toxicology and
Environmental Research and Consulting; K. Johanning, KJ Scientific LLC;
H. Laue, Givaudan Schweiz AG / Fragrances S T; D. Nabb, DuPont; J.W.
Nichols, USEPA / ORD NHEERL Mid-Continent Ecology Division; C.
Schlechtriem, Fraunhofer IME / Bioaccumulation and Animal Metabolism;
H. Segner; L. van der Wal, Joint Research Centre / Environment Health and
Safety Division Environment Directorate; J.A. Weeks, S.C. Johnson & Son,
Inc. / Environmental Safety
In order to support the development of an OECD Test Guideline,
a multi-laboratory ring-trial is being conducted to evaluate in vitro
methods used in assessing chemical biotransformation in fish involving
both trout liver subcellular fractions (S9) and cryopreserved hepatocytes.
Substrate depletion methods are used to determine the rate at which
both test systems metabolize a series of test chemicals. The goal of the
ring trial is to compare in vitro S9 and hepatocyte performance across
participating laboratories and S9 performance to hepatocyte performance. In order to inform the study design for the current ring trial,
we examined the results from previous multi-laboratory studies with
multiple chemicals which used trout hepatocytes and S9 fractions to
estimate whole-body rates of chemical metabolism. An analysis of the
existing data was conducted using a linear-mixed effects (LME) model
which was fit with a restricted maximum likelihood estimation procedure to determine the sources of variability in the data and to estimate
the depletion rate. This information from the LME model analysis was
subsequently used to set Monte Carlo simulations (>1000) varying the
parameters that contributed to the variance in the model (number of time
points, replications, chemicals, and laboratories) in order to identify the
optimal experimental design for the current ring trial. For each simulation we computed the coverage probability of a 95% confidence interval
and mean confidence width. The final study design was developed based
upon a small mean confidence width and greater coverage probability
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in order to achieve a statistically robust study while including practical
considerations such as cost, availability of biological material, time, and
other critical resources. The views, conclusions and recommendations
expressed in this poster are those of the authors and do not necessarily represent the policies or positions of the European Commission, the
OECD, or the USEPA.
TP116 The use of trout liver S9 fraction and cryopreserved hepatocytes in substrate depletion assays for the evaluation of fish xenobiotic
biotransformation
K. Johanning, KJ Scientific LLC; K.A. Fay, Univ of Minnesota - Duluth /
Biology; M. Bernhard, The Procter & Gamble Company / Env Stewardship
and Sustainability; I. Bischof, Fraunhofer IME - Inst for Molecular
Biology and Applied Ecology; J.W. Davis, Dow Chemical Company /
Toxicology and Environmental Research and Consulting; J. Domoradzki,
Dow Corning Corporation / Health and Environmental Sciences; M.R.
Embry, ILSI Health and Environmental Sciences Inst (HESI); M. Halder,
European Commission Joint Research Centre / DG Joint Research Centre
IHCP EURL ECVAM; X. Han, DuPont; J. Hu, The Dow Chemical
Company / Toxicology and Environmental Research and Consulting; H.
Laue, Givaudan Schweiz AG / Fragrances S T; D. Nabb, DuPont; J.W.
Nichols, USEPA / ORD NHEERL Mid-Continent Ecology Division; C.
Schlechtriem, Fraunhofer IME / Bioaccumulation and Animal Metabolism;
H. Segner; L. van der Wal, Joint Research Centre / Environment Health and
Safety Division Environment Directorate; J.A. Weeks, S.C. Johnson & Son,
Inc. / Environmental Safety
Chemical biotransformation represents the single largest source of uncertainty in chemical bioaccumulation assessments for fish. To improve
modeled BCF predictions in fish, a substrate depletion assay using trout
liver S9 fraction or hepatocytes is a simple means to estimate chemical
biotransformation rates. In this approach, a test chemical is incubated
with the biological material under first-order kinetic conditions, and
the loss of the chemical in the system is measured over time. From the
depletion rate, an in vitro intrinsic clearance is calculated, extrapolated
to an in vivo clearance, and incorporated in a bioaccumulation model
to predict the BCF. A multi-lab ring-trial is underway with the goals
of demonstrating the reliability (reproducibility and transferability) of
the trout in vitro biotransformation assays, and to support the development of an OECD Test Guideline. Pooled liver S9 fractions and primary
hepatocytes were isolated from rainbow trout and characterized using
standard substrates to assess both Phase I and II metabolic activity.
The material was then provided to six laboratories to perform substrate
depletion assays with six chemicals (pyrene, 4-n-nonylphenol, cyclohexyl salicylate, fenthion, deltamethrin, and methoxychlor). Incubations
were initiated by spiking the test chemical into the reaction mixture in
a single test tube, and terminated by pipetting subsamples into a solvent
containing an internal standard at pre-determined sampling times. The
temperature of the incubation system was the same as the acclimation
conditions of the source fish. Preliminary studies were conducted to
determine the starting concentration of test article, and the test design
was informed by a modeling-based evaluation of hypothetical test data
(see companion poster by Davis et al.). These procedures provide a
highly standardized test protocol that is optimized for use in comparative biotransformation studies with fish. The views, conclusions and
recommendations expressed in this poster are those of the authors and
do not necessarily represent the policies or positions of the European
Commission, the OECD, or the USEPA.
TP117 The Weight of Evidence (WoE) assessment of the PBT properties of the cyclic volatile siloxanes (cVMSs) - 2
K.R. Solomon, Univ of Guelph / School of Environmental Sciences; J.
BRIDGES, Univ of Surrey / Biomedical Sciences
The unusual properties of this class of compounds were considered in the
WoE assessment for persistence, bioaccumulation, and toxicity of the
cVMSs (D4, D5, and D6). The KAW results in biologically significant partitioning from water to air that must be considered in tests to
determine P and T in aquatic matrices as well as in measurements of
concentrations in the environment. The departure from the traditional
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relationship between KOW and KOC were considered in the reliability
of modeling partitioning in the environment and in the interpretation
of toxicity tests in various matrices where the sorption capacity of the
matrix was exceeded. The unusual properties of the cVMSs also affect
the reliability of adverse outcome pathways (AOPs) and greater emphasis was placed on responses at the apical endpoints. The WoE approach
that we used incorporated relevance criteria based on the above properties and were used in the preparation of strength-relevance diagrams to
graphically illustrate WoE. Measurements of concentrations of cVMSs
measured in the environment in robust studies are generally small and all
less than thresholds of toxicity. The cVMSs are slightly persistent in air
with half-lives ≤11 d. They are rapidly degraded in dry soils and partition
from wet soils into the atmosphere. They are not classifiable as persistent
in soils. Persistence in water and sediment is variable but greatest concentrations in the environment are observed in sediments. Based on their
overall persistence in the environment, cVMSs are should not be classified as persistent. The overall quantitative weight of evidence (QWoE) for
the studies in food-webs supports a conclusion that the cVMSs clearly
do not meet the criteria for biomagnification in the environment, a
conclusion that is consistent with results of toxicokinetic studies. Toxicity
was not observed at the solubility limit in water or the maximum sorption capacity in soils and sediments. When refined approaches, such as
QWoE are applied, these show that these materials are not classifiable as
persistent, bioacumulative or toxic in the environment.
TP118 Use of Zebrafish (Danio rerio) for assessing bioconcentration
potential of pharmaceuticals
L.A. Constantine, R. Sharma, Pfizer, Inc. / Pharmacokinetics Dynamics and
Metabolism
Understanding whether an active pharmaceutical ingredient is likely
to be taken up from the aquatic environment by fish and bioaccumulate has triggered the need to conduct bioconcentration studies in fish.
As per EMEA Guidelines, a bioconcentration study is required in the
PBT assessment for pharmaceuticals having a Log Kow > 4.5 and in the
Phase II, Tier A assessment for pharmaceuticals having log Kow values
> 3. The standard OECD Guideline 305 includes an exposure (uptake)
phase followed by a post-exposure (depuration) phase typically equal
to ½ the duration of the uptake phase. Based on the sampling schedule
outlined in the guideline, approximately 200-300 fish per study may
be required to determine a kinetic BCF value. Based on the resources
required to conduct the full bioconcentration study and the potential for
fish to metabolize xenobiotics, alternatives to the current bioconcentration tests as a first tier have been explored and employed for the last
several years. An abbreviated protocol including up to 7 days of uptake
and 7 days of depuration has been conducted in the zebrafish with the
several pharmaceuticals includingcrizotinib (crz), dacomitinib (daco),
17β-dihydroequilin (DHE), estrone (E1), and 17β-estradiol (E2). The
BCF values obtained from these studies were compared to the full
OECD 305 BCF values and support the use of the 14 day abbreviated
zebrafish BCF as an in vivo assay for the initial assessment of the bioconcentration potential of xenobiotics in fish.

Today’s TIE Toolbox – Applying Toxicity
Identification Evaluation Design, Methods
and Interpretation for Adaptive Management
and Real-World Decision-Making
TP119 Development of whole-sediment toxicity identification evaluation (TIE) techniques for use in Australia
W.T. Mehler, V.J. Pettigrove, The Univ of Melbourne / Zoology
A majority of the public literature and available guidance documents
on “how-to” conduct whole-sediment toxicity identification evaluations
(TIEs) detail the use of test organisms and amending agents that are
readily available in the United States. Although much of the information in these documents can be utilized regardless of location, the
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test organisms and amending agents documented in the current TIE
literature are both not available and largely inappropriate (i.e., not native
species) for conducting whole-sediment TIEs in Australia. Thus, the
overall objective of this study was to build foundational methodologies
for performing whole-sediment TIEs with native Australian species. In
this study, we examined the capability of three readily available amending agents in Australia: a local produced zeolite product (for ammonia),
an activated carbon (for non-polar organics), and Lewatit Monoplus TP
207 (for cationic metals) on two Australian native freshwater species:
Chironomus tepperi (midge) and Austrochiltonia subtenuis (amphipod). To
evaluate the effectiveness of each amendment, bioassays were conducted
with spiked sediments of ammonia, bifenthrin, and copper using mortality and growth as endpoints. For each amendment, the effectiveness
in reducing toxicity differed based on which test organism was used.
Understanding the differences in testing methodologies (such as test
duration), species sensitivities, and the niche and behavior of the organism is impetrative for building a solid foundation for TIE work in areas
were these techniques have yet to be applied.

provide LOE informing if the biological response is related to ammonia,
metals or organics. Proof of efficacy for the TRE methods was demonstrated employing multiple test organisms and acute lethality methods for
freshwater zooplankton (Ceriodaphnia dubia), freshwater fish (Pimephales
promelas), marine zooplankton (Arbacia punctulata) and marine fish
(Menidia beryllina). In both cases the sediment treatments reduced ammonia concentrations, not contaminants of concern (as determined from
measured metals, polyaromatic hydrocarbons concentrations in the unmanipulated and purged test samples within 20% variability) and strong
evidence was provided that the observed toxicity was related to unionized
ammonia from the sediment porewater. This was further supported by
significant correlations (r2 = 0.8 – 0.9; p < 0.01) between toxicological
endpoints and unionized ammonia concentrations and provided confidence that the primary driver of the observed toxicity in the water column
evaluation of dredging project was related to ammonia.

TP120 It’s Toxic, Now What? Key Decision Points for Toxicity
Identification Evaluations
B.R. DeShields, M. Pattanayek, Integral Consulting Inc.
Toxicity tests are a common tool used to assess impacts associated with
chemical contamination in surface water and sediment. Toxicity tests
are used in programs ranging from permit compliance and stormwater
management to contaminated (CERCLA and state-led) sites to regional
monitoring aimed at evaluating the ecological health of large systems
(e.g., bays, estuaries, lakes, rovers, etc.). Once toxicity is observed, the
first question is “why is my sample toxic?” Correlations of bulk water and
sediment chemistry with toxicity test results often show poor correlations.
Often, questions arise about the impact of “confounding factors” and/
or non-chemicals stressors, such as ammonia, sulfide, biological vectors,
grain size, and other parameters, which could be possible sources of toxicity. The key is developing a causal relationship between observed toxicity
and chemical or non-chemical parameters. Toxicity identification evaluations (TIEs) can provide a good investigative tool for causality. However,
TIEs are costly and time consuming, so the methods and results need to
provide information that is targeted and useful for decision-making. A
framework for developing data quality objectives and decision criteria for
use in designing and interpreting toxicity testing and TIE programs will
be provided and discussed, including critical data needs and case studies.

TP122 Developing Toxicity Identification Evaluation Test Strategies:
When and How to Make Mid-Evaluation Changes
W.L. Goodfellow, Exponent, Inc. / Biological and Ecological Sciences
When effluent toxicity testing required as part of NPDES permit
indicates that unacceptable toxicity exists, the permittee is often required
to perform a Toxicity Reduction Evaluation (TRE) to identify and
remove the toxicant from the effluent. The principle tool of a TRE is
a strategy called a Toxicity Identification Evaluation (TIE). Several
USEPA method manuals on TIEs have been developed (e.g., Mount and
Anderson-Carnahan 1988 and 1989; Mount and Norberg-King 1993;
Burgess et al. 1996) and SETAC held a workshop to present and debate
various TIE methods and strategies (Norberg-King et al. 2005). Even
with these documents and numerous journal articles and other publications, the overall procedures are often left up to the laboratory because it
is a forensic/investigative approach rather than prescriptive methodology.
Thus, there is often a fuzzy perspective as to what Standard of Care the
laboratory should be held accountable. Through the use of case studies,
this paper will present examples of TIEs that provided information that
were supportive of the identification of the toxicant in the effluent and
where the TIE was not useful in toxicant identification. Additionally,
this paper will provide recommendations that a laboratory might use
to focus in on specific toxicants and when to broaden out the scope of
the testing methodology and not immediately jump to an incorrect
conclusion. This paper will also provide recommendations as to how
laboratories might be judged with regards to their Standard of Care.

TP121 Toxicity reduction evaluation methods specific to dredged
material elutriate evaluations
A.J. Kennedy, CEERD-EPR / Environmental Laboratory; J.H.
Lindsay, US Army Engineer Research and Development Center; J.M.
Biedenbach, Environmental Laboratory; D.D. Farrar, US Army ERDC /
Environmental Laboratory
Navigation channels are dredged to accommodate shipping to important
ports. Sediments in navigation channels may contain contaminants and
require management. While the most economical management option
is placement of the dredged sediment in open water, the material is
chemically and toxicologically evaluated for water column and benthic
effects. Sediment elutriate bioassays are conducted to determine potential
short term water column impacts. Sediment and porewater may contain
concentrations of low persistence chemicals (e.g., ammonia) which should
be managed differently (alternative application factors) than persistent
contaminants (e.g., metals, PCBs). Thus, methods that provide lines of
evidence (LOE) to determine the cause of biological effects, if they occur,
are needed to inform management decisions. This presentation summarizes toxicity reduction evaluation (TRE) methods, adapted from USEPA
guidance, specific to sediment elutriate bioassays. The methods were
generated as part of two separate dredging evaluations and are amendable
to both freshwater and marine systems. The methods involve two sediment treatments (unpurged and ammonia purged) prior to preparation of
the elutriate water and 5 manipulations to the prepared elutriate waters
(zeolite treated, 2 pH adjustments, EDTA treated, carbon treated) for
comparison to the unmodified elutriate toxicity results. These methods

TP123 Demonstration of a in-situ Toxicity Identification Evaluation
(iTIE) System
A. Burton, A.J. Steigmeyer, J.M. Daley, M. Hudson, Univ of Michigan /
School of Natural Resources and Environment
It is difficult to assess the toxicity of a single stressor when multiple stressors coexist. While many biomonitoring approaches assess adverse effects
they often fail to establish a strong stressor-causality link. The toxicity
identification evaluation (TIE) approach is a biological, fractionation
based approach that systematically identifies causes of toxicity. The TIE
process consists of a series of manipulations that characterize toxicants
into broad categories (i.e., organics, metals, nutrients) followed by acute
toxicity testing and chemical analyses. While these methods can provide
valuable information, they often suffer from the same lack of exposure
realism and are subject to laboratory-related artifacts. We modified
a previously published in-situ TIE system (iTIE) to assess the relative importance of different groups of compounds (ie. organics, metals,
nutrients) in causing adverse effects. The system can be used to assess the
potential impacts of a variety of chemical groups and exposure pathways
(i.e., overlying waters and/or porewaters) to a range of test organisms. In
this field demonstration, each unit was equipped with an organism exposure chamber (Hyalella azteca and Daphnia magna), a smaller chamber
filled with an absorbent used to modify the water passing through the
organism chamber, a water collection container and a peristaltic pump.
Following field experimentation, chemical analyses of water and absorbents used in each iTIE unit were compared to both lethal and sublethal
responses of the organisms. The in-situ nature of this approach allows for
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realistic exposure conditions and reduces the uncertainty in simulations
associated with lab-based approaches. The iTIE approach helps move us
towards gaining a better understanding of the potential toxicity risks of
particular groups of compounds, and helps define this toxicity in relation
to other stressors responsible for ecological impairments.
TP124 Learn from what you know: Adaptive use of TIE manipulations
S. Fong
Clean Water Act §303(d) listing and subsequent Total Maximum Daily
Load development has traditionally been based on a single constituent or
constituent class. Today’s aquatic systems are very complex, with diverse
chemical mixtures and multiple abiotic stressors. Can resource managers adequately protect aquatic life by controlling singular constituents?
Often times, resource managers are required to develop monitoring
programs to assess the health of aquatic systems without adequate
knowledge of the tools available, tradeoffs among assessment tools, comfort with biological variability, or the understanding to properly interpret
Toxicity Identification Evaluation (TIE) results. Regulatory challenges
such as use of sentinel species, standardizing new methods, and controlling the effects of chemicals on aquatic life will be explored. Case studies
from California will be provided where poorly designed and inconclusive
TIEs have led to the distrust of toxicity testing in general, and recent
attempts to present newer methods alongside familiar methods as a menu
for managers to select from. This menu should help managers better
understand the tradeoffs involved in different types of analyses or TIE
manipulations and help adaptively manage assessments as data become
available for site-specific management and contaminant control.
TP125 The Utilization of Toxicity Identification Evaluation
Procedures as an Investigative Tool for Wastewater Treatment Design
in a Developing Country
M.K. Chanov, W.L. McCulloch, EA Engineering, Science, and Technology,
Inc. / Ecotoxicology; M. Durbano, M. Jirsa, V. Yurche, EA Engineering,
Science, and Technology, Inc. / PBC
Toxicity Identification Evaluation (TIE) procedures have been successfully used to remove and reduce toxicity through the NPDES permitting
process over the last three decades in the United States. Industrial and
municipal dischargers have invested in capital improvements over the last
20 years to reduce and remove toxicity. Currently water quality issues in
developing countries have instigated a similar push to reduce or eliminate
toxicity associated with their facilities’ discharges. The costs associated with significant capital improvements have provided a platform for
Toxicity Identification Evaluation procedures to be used proactively for
investigative purposes in order to develop the most effective wastewater
treatment plant design. EA received a request to characterize and identify potential toxicants at four sump locations at an industrial facility. EA
conducted TIE testing with the opossum shrimp, Americamysis bahia as
the test species, and followed USEPA Acute Toxicity Phase I procedures
on each of the sump samples that was sufficiently toxic. Overall the
results indicated that each of the sump locations had different toxicant
profiles, however, the results clearly showed that metals, non-polar
organics and volatiles were the dominant toxicants of concern for the
facility locations tested.
TP126 Effective Techniques for Isolating and Confirming PathogenCaused Toxicity
D.A. Pillard, TRE Environmental Strategies / Environmental Toxicology;
R.B. Naddy, TRE Environmental Strategies
Biological causes of toxicity can confound Phase I TIE methods as they
are generally designed to target chemical, rather than biological, causes
of toxicity. Biologically-mediated toxicity can be challenging to identify as it may be highly variable, seasonal, transient, and dissipate over
time. To provide conclusive evidence of a biological cause of toxicity,
multiple research pathways may be needed. Pathogen-related toxicity to
both the fathead minnow (Pimephales promelas) and Ceriodaphnia dubia
was identified from two different types of wastewater sources. In the
former (Scenario 1: toxicity to P. promelas), a series of artificial ponds
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were incorporated as the last portion of treatment process. For the latter,
Scenario 2: toxicity was observed to C. dubia from power plant cooling
tower wastewater. For Scenario 1, effluent from the treatment ponds
was generally toxic only in late winter and spring, causing fish mortality scattered throughout all concentrations, seldom demonstrating a
consistent concentration-response relationship. Similarly, chronic toxicity
to C. dubia from the cooling tower wastewater occurred primarily in
fall and winter months. A TIE confirmed that certain manipulations
(e.g., chlorination, ultrafiltration and exposure to ultraviolet light)
eliminated significant toxicity in both effluents. Tests using effluent
from the chlorine contact basin confirmed that the cause of toxicity to
fathead minnows was not originating from the traditional treatment
plant itself, but from a point downstream of the plant, but upstream
of the post-ponds compliance point. The toxicant (to fish) could be
recovered from filter paper and reintroduced into clean, laboratory water.
Microbiological analysis confirmed the presence of several pathogens
that could be causing the observed fish mortality, including Aeromonas
hydrophila. The likely biological agent causing sublethal toxicity to C.
dubia was tentatively identified as Pseudomonas spp. The disappearance of
toxicity interrupted the final confirmation stage of this TIE.

Winning the Green Ribbon: Application of
“Green Chemistry” in the Development of
Products and Processes
TP127 California’s Safer Consumer Products Program: Evaluating
product-chemical safety using life cycle thinking
D. Molin, State of California / Safer Products and Workplaces Program;
A. Doherty, California Dept of Toxic Substances Control / Safer Consumer
Products Program
California Dept of Toxic Substances Control’s (DTSC) Safer Consumer
Products Program (SCP) is a new regulatory program with the goal of
reducing toxic chemicals in consumer products using life cycle thinking.
The SCP framework regulations require California to identify productchemical combinations based on their potential to contribute to adverse
impacts to human health and the environment. This unique regulatory
approach requires manufacturers to conduct an Alternatives Analysis
with the objective of developing safer products. It provides DTSC the
authority to pose a regulatory response as in response to the manufacturer’s implementation plan. The poster presentation will include the four
step process: 1) chemical identification, 2) product-chemical prioritization, 3) manufacturer submittal of an Alternatives Analysis, and 4)
potential for Regulatory Response for each manufacturer. The framework
process allows transparent dialogue to ensure consideration of life cycle
tradeoffs to minimize the potential for regrettable substitutes.
TP128 California’s Green Chemistry Regulatory Authority and the
Safer Consumer Products Program
D. Molin, State of California / Safer Products and Workplaces Program;
A. Doherty, California Dept of Toxic Substances Control / Safer Consumer
Products Program; K. Moran, TDC Environmental, LLC
California’s Green Chemistry legislation gave the Dept of Toxic
Substances Control (DTSC) authority to implement the Safer Consumer
Products regulations. These novel regulations give DTSC a framework
process to accelerate the quest for safer products creating a systematic,
science-based process to evaluate Chemicals of Concern and alternatives.
The regulations eliminate the need for chemical-by-chemical bans by
requiring manufacturers to evaluate tradeoffs throughout the product’s
life cycle to avoid regrettable substitutes. The four step process incorporates emerging science, such as aggregate exposure and biomonitoring
information, into decision making processes.This presentation will
provide an overview of how DTSC implements the Safer Consumer
Products program, including the role of the Green Ribbon Science Panel
and public involvement, and lessons learned for the development and
implementation of the program.
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TP129 GreenScreen: Looking Beyond the Benchmark
T. Lewandowski, A. Lewis, K. Reynolds Reid, D. Skall, K. Sullivan, T.A.
Verslycke, J. Zhang, Gradient
GreenScreen ™ is a tool for obtaining an overall view of a particular
chemical’s hazards across multiple concerns (human health, ecological,
physical/chemical). For each endpoint of concern, a chemical is scored
based on the available data under a scoring system closely tied to the
GHS hazard ranking scheme and/or the presence of the chemical on
various authoritative lists. Scoring places a chemical into one of four
“benchmarks”, ranging from benchmark 1 (“do not use”) to benchmark
4 (“preferred”). Green Screen has been used by various organizations to
prioritize chemicals for re-evaluation, replacement or prohibition. An
important feature of GreenScreen is that it is strictly hazard based and
does not consider exposure or health risk. This is consistent with the goal
to drive innovation towards safer (i.e., lower hazard) chemical alternatives. Once a GreenScreen score is assigned, determining what the
benchmark means for a particular product containing the scored chemical can then consider use specifics and the underlying data. For example,
a chemical with a high benchmark score based on skin sensitization
could be viewed differently if found in a product involving skin contact
(e.g., a lotion) than in one where skin contact would not be expected.
Consideration should also be given to the level of confidence assigned to
various individual endpoint scores contributing to the benchmark, which
can reflect data limitations or inconsistency. We will illustrate these principles with several GreenScreen case examples: iron oxide, lactic acid,
resorcinol and a cyclosiloxane. These examples will demonstrate the value
in using the details of the GreenScreen assessment to understand both
the hazards and potential risks posed by a particular chemical.

action. Such observations provide novel insight for comparative behavioral
patterns in fish larvae and will support the design of future fish behavioral
studies for research and regulatory purposes.

TP130 Towards less hazardous industrial chemicals: Comparative
behavioral toxicology of two fish models
B. Steele, Baylor Univ / Biomedical Studies; L.A. Kristofco, Dept of
Environmental Science; J. Corrales, Baylor Univ / Environmental Science;
B.W. Brooks, Baylor Univ / Dept of Environmental Science
Behavioral responses inform toxicology studies by rapidly and sensitively
detecting molecular initiation events that propagate to physiological changes in individuals. Behavioral thresholds for a wide range of
contaminants often manifest at lower levels than those eliciting mortality
and other standardized adverse outcomes. Zebrafish larvae are common models in behavior, developmental toxicology, neurotoxicology and
other biomedical studies. Whereas the fathead minnow is a common
model for aquatic toxicology research and regulatory programs, they have
received comparatively little attention in behavioral studies. We employed
the zebrafish and fathead minnow models to define toxicant induced
swimming activity alterations during interchanging photoperiods. We
specifically compared behavioral response patterns among eight industrial
compounds (bisphenol A, cumene hydroperoxide, dinoseb, hydroquinone,
indene, perfluorooctanoic acid (PFOA), R-carvone, tert-butyl hydroperoxide) in the USEPA ToxCast program that are known to cause oxidative
stress. Following OECD FET and EPA WET experimental guidelines,
zebrafish embryos and fathead minnow larvae were exposed for 96 h to
each compound, then observed using a digital behavioral analysis system
(ViewPoint). Behavioral observations occurred for 50 minutes (10 minutes
acclimation, two 10 minute dark periods, two 10 minute light periods).
Zebrafish displayed more pronounced responses to changing light and
dark photoperiods than the fathead minnow model. Zebrafish exposed to
hydroquinone exhibited increased swimming activity during dark periods,
while all other compounds decreased behavioral activity under dark
conditions. PFOA was the only compound that stimulated swimming
activity in zebrafish during light periods. For each of the compounds,
zebrafish displayed statistically significant behavioral changes at lower
treatment levels than fathead minnows, which suggests that locomotory
behavioral responses of zebrafish embryos are more sensitive than fathead
minnow larvae to compounds causing oxidative stress. In addition,
chemical differences in behavioral responses to light and dark conditions
among these 8 compounds may have resulted from diverse mechanisms of

TP132 Critical Review of Lead Ecological Benchmarks in Sediment
K.P. Cejas, ERM / Biological Sciences; M.J. Cejas; A. Bonin, Cardno; A.S.
Bess, Chevron Energy Technology Company / Environmental Unit
Ecological benchmarks in sediment are used for identifying contaminants that are posing unacceptable risk to benthic invertebrates and often
are used as clean up levels in wetland areas despite their intended use as
screening level benchmarks. Sediment benchmarks recommended for use
in US jurisdictions were derived from co-occurrence methodologies that
used matching chemistry and biological effects data from field-collected
samples. There are a number of limitations, such as predictability, ecological relevance, and effects of covarying chemicals and physicochemical
factors, that make this method inappropriate for predicting effects at
sites. A critical review of Pb benchmarks in sediment was conducted to
evaluate reliability and comparisons to background concentrations and
spiked sediment test results. Pb benchmarks in sediment range by orders
of magnitude with values from 25 to 1300 mg/kg for freshwater sediments and from 18 to 530 mg/kg in saltwater sediments. To examine the
reliability of using co-occurrence data to predict Pb sediment toxicity,
Pb concentrations associated with a control-adjusted effect in toxicity tests included in the SEDTOX database were plotted and shown in
reference to typical benchmark values. Additionally, background values
for in freshwater and marine sediment were compared to sediment
benchmarks. Upper bound values for freshwater data sets collected across
multiple regions were within the range of both threshold and probable
effect benchmarks and the range of threshold effect benchmarks are
consistent with the range of concentrations in marine sediment for all
regions except the West and Midwest, which had lower background
concentrations with a mean of 10 mg/kg. All co-occurrence benchmarks
except for the freshwater SCL (1300 mg/kg) are lower concentrations
than the NOAELs and LOAELs reported from single chemical spiked
sediment tests, thus demonstrating the overly conservative and unreliable
predictions of Pb co-occurrence sediment benchmarks. Improvements
to sediment benchmarks are recommended and include derivation based
on single-chemical spiked sediment tests and incorporation of bioavailability measurements such as AVS/SEM, porewater measurements,
and predictions of partitioning by developing site-specific partition
coefficients.

Integrated Environmental Assessment and
Management General – Part 1
TP131 Exploring the predictivity of hazard-based chemical alternatives assessment methodologies and incorporation of exposure
J. Tanir, HESI; S. Arnold, The Dow Chemical Company; W. Greggs,
Soleil Consulting, LLC; D.C. Muir, Environment Canada / Aquatic
Contaminants Research Division
Areas open for investigation in chemical alternatives assessment are
the comparative analysis of hazard-based methods and incorporation
of exposure. The ILSI Health and Environmental Sciences Institute
(HESI)’s Sustainable Chemical Alternatives Technical Committee
is developing a work plan to improve the predictivity of hazard-based
assessment tools by defining sources of variability, identifying core
data elements/types, identifying opportunities to appropriately include
environmental data/considerations in these assessments, and exploring
methods of integrating exposure into alternatives assessment. A working
meeting was held on May 28-29, 2015 which brought together experts
from academia, government, and industry on the topics of human health,
environmental health, and exposure, as well as assessment tool developers and practitioners. A summary of the recommended next steps,
identified gaps and opportunities will be presented.

SETAC North America 36th Annual Meeting | 299

TUESDAY POSTER ABSTRACTS
TP133 Evaluation of currently available methods for determining the
hydrophobicity of surfactants
P. Sun, The Procter & Gamble Co.; B. Bossuyt, HUNTSMAN (Europe)
bvba / PEHS; A. Bouvy, Cefic; C.V. Eadsforth, Shell International / Shell
Health Risk Science Team; M. Enrici, SOLVAY / HSE PRA PS; M. Geurts,
Akzo Nobel N.V. / Ecotoxicology and Environmental Testing EET; G.
Oetter, BASF SE / Materials Physics and Analytics; G. Hodges, Unilever
Research / Safety and Environmental Assurance Centre; D. Miller, TCEQ;
J. Venzmer, Evonik Industries AG; J. Adnett, Dow Chemical Company
Due to their unique properties, surfactants tend to accumulate at the
interface of hydrophobic and hydrophilic surfaces making the measurement of log Kow (n-octanol-water partition coefficient) a technical
challenge. These difficulties are a constraint for the environmental risk
assessment of the surfactants as the log Kow values are still used as
the preferred screening parameter for estimating the bioaccumulation
potential. The traditional ‘shake flask’ method (OECD 107) is considered wholly inappropriate for the determination of log Kow values of
surfactants due to emulsion formation and uncertainties with regard to
phase behavior of the surfactant in the two solvents. Since December
2011, the ERASM (Environmental Risk Assessment and Management)
‘Hydrophobicity of Surfactants’ Task Force has been assessing the
suitability of existing methods for determining the log Kow of surfactants. A number of different approaches for log Kow determination for
surfactants including ‘slow stir’ method (OECD 123), HPLC method
(OECD 117), computational method (referred to in OECD 107) which
uses the ratios of solubilities in n-octanol and water (measured using
OECD 105) and QSAR/ predictive methods have been evaluated by the
Task Force. A selection of several surfactants covering different classes
(non-ionics, anionics, cationics and amphoterics) was tested according
to these four different types of methods at Fraunhofer IME institute in
Germany. A side-by-side comparison of log Kow data for these methods will be presented as well as the pros and cons of each method based
on the Task Force’s expert judgment. In addition, the Task Force has
also been assessing a range of novel and possible alternative methods
for both the measurement and modeling of hydrophobicity of surfactants although these may not be able to simply substitute for logKow
directly. Some examples are: Liposome- water partitioning to determine
Klip-water for soluble fractions. Determination of phospholipophilicity using Immobilised Artificial Membranes (IAM) Use of Solid Phase
Microextraction (SPME) Use of various centrifugal partition chromatographic (CPC) techniques Proton nuclear magnetic resonance (H-NMR)
TP134 Integration of Natural Complex Substances into the EPA’s
Safer Choice Program Fragrance Criteria
C. Rudisill, SRC, Inc. / Environmental Health Analysis; A. Lorenz, M.
Adams, USEPA / Office of Chemical Safety and Pollution Prevention; L.
Morlacci, SRC, Inc. / Environmental Health Analysis
Natural complex substances (NCS) derived from plant sources are common ingredients in fragrances formulated in consumer products. NCS
include several hundred essential oils and extracts used by the fragrance
industry, often in combination with other synthetic fragrance chemicals.
These substances must meet the Safer Choice Program (SCP) interim
criteria, which require that all ingredients used in labeled products
are not on authoritative lists indicating Carcinogens, Mutagens, or
Reproductive (CMR) toxicants, Persistent, Bioaccumulative and Toxic
(PBT), or respiratory sensitizers. Ingredients known to be dermal
sensitizers may also require ingredient labeling, depending on the use
level. NCS are heterogeneous, variable mixtures with content that varies
depending on botanical species, origin of cultivation, part of the plant
that is processed, and method of processing. The SCP has developed a
pragmatic approach that accounts for these factors, and incorporates the
best available science. The SCP assumes a representative composition
when evaluating these substances against the program’s criteria. To test
this approach, the chemical compositions of essential oils and extracts
used in fragrances were evaluated to determine the aggregate total of
CMR/PBT components. Using industry sources, publically-available
databases, and other peer-reviewed data as a starting point, the chemical compositions of NCS were collected. Any NCS without reliable
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composition data were flagged as requiring component characterization data before they could be used in SC-labeled products. For NCS
with reliable composition data, their components were queried against
authoritative lists to determine if any were known CMRs or PBTs. NCS
with CMR or PBT components totaling 10% or more by weight were
flagged as unacceptable. To account for the variable content of these substances, SCP may allow the use of an NCS if supplier’s data differs from
the SCP default composition. NCS with components that are known
dermal sensitizers are listed on the ingredient label of any product bearing the SC label. The resulting working set of NCS that could be used
in labeled-products contained 209 substances, of which 161 were flagged
for possible labeling due to the presence of dermal sensitizers. The views
expressed in this abstract are those of the authors and do not represent
USEPA policy or endorsement.
TP135 Applying remote sensing to support environmental risk assessment: A case study of a polluted mexican basin
J. Zamora-Almazan, Univ Nacional Autonoma de Mexico; O. Arellano
Aguilar, Univ Nacional Autonoma de Mexico / Dept of Ecology and Natural
Resources; C. Rivera Cárdenas, Univ Nacional Autonoma de Mexico / Dept
of Physic
As a consequence of high urbanization and industrialization, the upper
basin of the Atoyac River in Mexico has been presenting an accelerated environmental degradation, particularly by pollutant emissions
and wastewater discharges from three industrial corridors. The health
problems in neighboring populations such as Texmelucan, Villalta, San
Baltazar and Sta. María have been linked with pollution around the
Atoyac river. The most frequent diseases reported in the area are asthma,
thrombocytopenic purpura and leukemia in children under 15 years. In
addition, inhabitants showed high blood genotoxic damage frequency,
even above to the one presented by citizens of Mexico City in 2006.
According to the air monitoring program (ProAire) in Puebla City, since
2006 air quality has showed a reduction of atmospheric pollutants of
PM10, MP2.5, SO2, CO. However, the NO2 has been up to maximum limits of health protection with 79,164 ton per year. The ProAire
program considers the metropolitan area of Puebla city only aside rural
communities where industrial activity is intense. Our proposal is to
apply a new approximation to air monitoring in small cities close to
industrial corridors. In this work, we delimit the zones of exposure of
contaminants using the density of molecules in the air column of NO2
and HCHO between 2005 and 2012. Data from the Ozone Monitoring
Instrument (OMI) on board NASA’s Aura Satellite was accessed
through the Goddard Earth Sciences Data and Information Services
Center (GESDISC) and used to generate maps of distribution of pollutants allowing us to localize the pollutant emission sources according
to the enhancement of the density of molecules present in the atmospheric column. We studied wind direction and wind speed to determine
the dispersion patterns and established the ranges of minimum and
maximum exposure. An advantage of this technology is its potential
application to air monitoring in areas under conditions of pollutant exposure by industrial activities.
TP136 Implications of Contamination in Rainwater Harvesting:
Accumulation of Persistent Organic Pollutants in Irrigated Soil and
Garden Vegetables
S. Hileman, J.B. Belden, Oklahoma State Univ / Integrative Biology; J.
Vogel, Oklahoma State Univ
Conservation of water frequently includes rainwater harvesting from
rooftop systems, which may be beneficial in sustaining practical water
usage for drinking and irrigation. Despite its benefits, this system proves
problematic as a steady source of potable water considering the potential
for water contamination from non-point source pollution and roofing materials. Contamination of the harvested rainwater runoff from
rooftops by organic toxicants such as polycyclic aromatic hydrocarbons
(PAHs) is evaluated frequently, the potential for contamination in any
receiving garden soil and movement in the biota has only been minimally
investigated. Testing soil within 1 m of drain spouts as well as soils from
gardens irrigated with rooftop harvested rainwater runoff enables better
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quantification of the levels and types of PAHs in the soil relative to nonpoint pollution sources and building material from which these organic
pollutants originate. In addition, the degree to which these persistent
organic pollutants become bioavailable and accumulate in vegetation such
as beet, zucchini, and carrot plants is variable and can give an indication
of potential human exposure. Further investigations into the category and
magnitude of PAH pollution as well as the potential for exposure through
rooftop runoff rainwater harvesting will provide critical information to
help engineers create better rainwater harvesting systems.
TP137 A Comparison of Environmental Assessment Requirements of
New Human Drugs in the US and the EU
T. Lunsman, Gradient Corporation / Ecological Sciences; T.A. Verslycke,
Gradient
Market authorization of new human drugs in both the US and the
EU requires an assessment of potential environmental impacts. In the
US, drug approval is overseen by the Food and Drug Administration
(FDA) and an environmental assessment (EA) is required pursuant to
the National Environmental Policy Act. In the EU, market authorization is overseen by the European Medicines Agency (EMA) and an EA
is required under Directive 2001/83/EC. Both agencies have published
guidance documents outlining EA requirements (FDA, 1998, 2015;
EMA, 2006, 2010). Given the high cost of drug development, new
human and veterinary drugs are typically submitted for authorization
in several regions of the world. In recognition of this, drug registration
requirements for veterinary drugs are harmonized between the US, EU,
and Japan through the International Cooperation on Harmonisation
of Technical Requirements for Registration of Veterinary Medicinal
Products. By comparison, the framework for conducting EAs of human
drugs is less harmonized, as this presentation will illustrate. For example,
the method of estimating potential environmental exposures in the EA
differs between the FDA and EMA. FDA uses predicted productionvolume data and an effluent threshold concentration of 1 part per billion
(ppb) to trigger further assessment (which translates to a predicted
production volume of 44,000 kg/year). By comparison, EMA relies on
maximum daily dosage and uses a threshold of 0.01 ppb (which translates to a maximum daily dose of 2 mg/day). For drugs with a high daily
dosage but low production volumes (e.g., some antibiotics), this difference
may result in further assessment in the EU, whereas no further testing or
assessment would be required by FDA unless the application is deemed
to represent an extraordinary circumstance. Other differences include
the potential refinement of exposure estimates using prevalence data or
treatment regime, environmental fate and toxicity test requirements, use
of assessment factors, consideration of metabolism, etc. This presentation
will illustrate the importance for drug manufacturers to understand key
differences in the regulatory requirements for conducting EAs in the EU
and US. Given the substantial cost and duration of potentially required
testing, early planning and discussions with FDA and EMA are important to ensure compliance and that filing schedules are met.
TP138 EPA’s Probability-based Reassessment of Chemical Residues
and Fatty Acids in Great Lakes Fish
L. Stahl, USEPA / Office of Water Office of Science and Technology; E.
Murphy, USEPA / Great Lakes National Program Office; B.D. Snyder,
Center for Ecological Sciences; H.B. McCarty, CSC; J. Wathen, USEPA /
Office of Water Office of Science and Technology; E.R. Smith, USEPA / Great
Lakes National Program Office; T. Cohen, Tetra Tech / Center for Ecological
Sciences
In 2015, USEPA initiated a probability-based reassessment of chemical
residues and fatty acids in Great Lakes fish for human health applications. The Great Lakes Human Health Fish Fillet Tissue Study is one
of a series of Great Lakes studies being conducted under EPA’s 2015
National Coastal Condition Assessment. This study involves collecting
one fish composite sample from 150 randomly selected nearshore sites
(depths up to 30 m or distances up to 5 km from shore) throughout the
five Great Lakes (30 sites per lake). Fish samples consist of similarly
sized adult fish of the same species that are commonly consumed by
humans and optimally contain five specimens. Fillet tissue aliquots from

each sample are being analyzed for a number of contaminants, including mercury, the full complement of 209 PCB congeners, perfluorinated
compounds, and flame retardants. The study also involves analysis of
nutritionally beneficial omega-3 and omega-6 fatty acids in fish fillets,
including alpha-linolenic acid (ALA), eicosapentaenoic acid (EPA), and
docosahexaenoic acid (DHA), to obtain species-specific data. This study
provides EPA with an opportunity to expand research on contaminants
of emerging concern (CECs) in Great Lakes fish and to analyze temporal
trends in fish contamination levels for the first time using statistically
based chemical residue data from this study and from the agency’s
probability-based 2010 Great Lakes Human Health Fish Tissue Study.
Analysis of the fillet tissue samples for fatty acids yields data related to
human health benefits and responds to a research priority identified by
the Great Lakes states.
TP139 Metals, hidrocarbons and biomarkers in sediments and oysters
of five Mexican coastal lagoons
P. Ramirez Romero, UAM Iztapalapa / Hidrobiologia; G. Barrera-Escorcia,
Univ Autonoma Metropolitana / Hidrobiologia; X. Guzman-Garcia,
Hydrobiology; C. Bastidas Bonilla, L. Elizalde Ramirez, Univ Autonoma
Metropolitana Iztapalapa / Hydrobiology; M. del Carmen Guzman
Martinez, Univ Autonoma Metropolitana / Hydrobiology
As part of a biomonitoring effort to stablish the environmental quality
of Mexican coastal ecosystems in the Gulf of Mexico, samples of sediments and oyster were obtained in five coastal lagoons. Concentrations
of hydrocarbons and metals were obtained for both types of samples
and also a group of biomarkers were evaluated in oyster’s tissues. Most
metals evaluated in sediments (Al, Ba, Cr, Cu, Fe y V) presented similar
or lower concentrations than what had been reported but Hg in Pueblo
Viejo presented very high values, up to 17 times what had been registered for the coastal zone, however oysters did not have dangerous Hg
levels. In contrast Cd in oysters of Pueblo Viejo and Alvarado had higher
concentrations than recommended levels for sea food ingestion, and Cu
was 13 times than previously registered. Acetylcolinesterase activity had
an inverse relation with Hg, Cd and Cu tissue concentrations. Of the 16
HAPs analyzed in oysters only fluoranthene, benzo (a) pyrene y benzo
(ghi) perylene were detected Pueblo Viejo bivalves and fluoranthene
in Tamiahua’s and Terminos’, but at low concentrations. These concentrations had no relation to HAPs in sediments. Acetylcolinesterase
presented an inverse relation with fluoranthene. These results indicated
that monitoring of metals and hydrocarbons should continue, especially
for those metals that are starting to represent a health risk and that
Acetylcolinesterase activity is a very useful biomarker of exposure in
oysters. Also of the five lagoons sampled, special attention should be
given to Pueblo Viejo since pollution here has increased more than in the
other lagoons.
TP140 The exposure assessment of new POPs in multimedia and
development of monitoring technology for POPs alternatives
S. Seo, Pohang Univ of Science and Technology; J. Kim, Pohang Univ of
Science and Technology / School of Environmental Science and Engineering;
Y. Chang, Pohang Univ of Science and Technology
Brominated flame retardants (BFRs) and perfluorinated compounds
(PFCs) which have been registered as new persistent organic pollutants
(POPs) in Stockholm Convention are considered hazardous substances
for human health. These are mainly present in everyday life in the form
of daily supplies and the indoor environment rather than the special
circumstances occurred in the industrial area. Although the substances
are closely related to daily life, there are no researches that the basic
information and assessment techniques about integrated human exposure
for new POPs and alternate materials. The object of this research was to
develop emission assessment techniques, exposure assessment techniques and ecological toxicity assessment. Ultimately, the methods will
be applied to develop the integrated human exposure assessment model.
On the basis of this research, we are able to reduce the effect of the
substances on human body and environment by suggesting reduction and
management methods of emission, exposure of new POPs and alternate
material and contribute the national strategy for Stockholm Convention.
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TP141 Construction and demolition waste as substrate for plants:
Risk assessment and environmental performance
m. machado, Univ of São Paulo / Química Analitica; M.Y. Kamogawa,
Univ of São Paulo
The management of construction and demolition wastes (C&DW) is
an environmental challenge in order to integrate the processes from
generation to final disposal. In Brazil, the C&DW represent approximately 60% of all municipal solid waste. The recycling of C&DW after
processing presents itself as a sustainable alternative to mitigation of
environmental risks and have been used to replace natural resources.
However, little attention is given to the agronomic purposes. The present
work aimed to evaluate the feasibility of Brazilian C&DW as a substrate for plants, showing negative and positive effects (e.g., presence of
gypsum, that despite being a remarkable input in agriculture, can cause
environmental damage due to sulphates leaching). It’s also need consider
parameters such as availability and leaching of potentially toxic metals
and physicochemical changes like pH and conductivity. To this goal,
C&DW were sampled in a local processing facility and characterized
with respect to total content of As, Ba, Ca, Cd, Co, Cr, Cu, Fe, Hg, Mn,
Mo, P, Pb and Zn, indicating only copper as possible contaminant, but
it shows no toxicity due to available concentrations observed in leaching tests. Additionally, chemical analysis indicates medium to high
levels of macro and micronutrients (except nitrogen and organic matter). Physical characteristics were compared with parameters obtained
from 21 soil samples, indicating appropriate texture and good drainage
and aeration. The addition of organic matter (5% w/w) improved the
substrate characteristics (cation exchange capacity and water retention)
and decreasing pH of the material, but also contributed to raise sulphate
concentrations in the leaching test (not limiting parameter since rooting
of plants can be promoted by similar effects to obtain agricultural gypsum in the measured levels). Germination assays using cucumber seeds
(Cucumis sativus) does not indicate toxicity effect, with root elongation,
germination area and dry weight, equivalent to the control treatment.
The agronomic performance was assessed with emerald grass (Zoysia
japonica) grown in pots containing mixtures of C&DW with an agricultural soil (0-100% w/w), not shown visual symptoms or differences of
dry weight for the aerial part on treatments after 90 days of growth in
a greenhouse. The results indicate that the C&DW has attributes that
validate a potential use as substrate.
TP142 Progressive Risk Assessment of Polychlorinated Biphenyls
through the Total Diet Study in the Korean Population
E. Shin, Pohang Univ of Science and Technology; K. Nguyen, Univ of
Birmingham; J. Kim, Pohang Univ of Science and Technology; J. Kim,
Pohang Univ of Science and Technology / School of Environmental Science
and Engineering; Y. Chang, Pohang Univ of Science and Technology
Human exposure to polychlorinated biphenyls (PCBs) from food
was investigated through a Total Diet Study (TDS) for the first time
in Korea. A representative food list, which was based on a mapping
process, was developed from food intake data. Non-selected foods were
also included in the TDS through the mapping process to anticipate
practical risk assessment. For better representativeness, data (2008-2011)
from the Korea National Health and Nutrition Examination Survey
(KNHANES), which surveys approximately 0.07% of the Korean
population, were combined with the TDS data set. The reliability was
high because the number of questions asked on the surveys was much
greater than in other studies. We established both the sampling system
and required preparation, and we estimated dietary exposure to PCBs
from various food items using a ‘best-fit’ mapping process and assessed
the differences in PCB exposures by sex and age. In this study, we examined total PCBs (62 congeners), which were banned by the Stockholm
Convention and include dioxin-like PCBs (DL-PCBs), and indicator
PCBs, which are congeners that are mainly detected in various environmental matrices. The average dietary exposure (3.94 ng/kg body weight/
day) that was estimated through food intake was 19.7% of the World
Health Organization (WHO) recommendation.
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TP143 Alkylated Polycyclic Aromatic Hydrocarbons in Fish – A
Perspective on Crude Oil Train Derailments
A.V. Pawlisz
Polycyclic aromatic hydrocarbons (PAHs), including alkylated homologues, have biochemical and toxicological properties that make them
important constituents of concern at crude oil sites, increasingly associated with train derailments. PAHs in fish may come from a variety of
sources including water, sediment, and food. The uptake of PAHs by
fish depends on factors such as octanol and carbon partition coefficients,
lipid content, duration of exposure, concentration in exposure media,
body size, feeding strategy, and dissolved organic matter in the aquatic
media. A wide inter-species variation exists in how fish assimilate PAHs
from sources. Bioconcentration factors (BCFs) for fish are often found
in the 10 to 10,000 range, with BCFs generally increasing with PAH
size. However, literature shows that despite ready assimilation of PAHs
from food and water, PAHs are rapidly metabolized and eliminated, thus
reducing the potential for long-term accumulation. Moreover, BCFs may
be overestimated for some PAHs because predictive models do not always
consider metabolism. For the same reason, related uptake metrics, bioaccumulation and biomagnification, may be overpredicted. Nevertheless,
community concerns remain that fish at crude oil spill sites may contain
PAHs, a few of which produce carcinogenic metabolites. This presentation provides an overview of the fate and metabolism of PAHs in fish and
how this information relates to parent, alkylated, and daughter PAHs
measured in species impacted by the types of crude oil transported by rail.
TP144 Proxy constituents of chemical mixtures in domestic wastewater for prospective risk assessment
J. Tolls, Henkel AG & Co. KGaA; J. Snape, AstraZeneca UK Ltd. /
AstraZeneca Global Environment; J.M. Diamond, Tetra Tech, Inc.; S.D.
Dyer, The Procter & Gamble Company / Environmental Stewardship and
Sustainability Organization
This presentation is a part of a series on chemical mixtures in domestic wastewater with the objective to illustrate how a prospective and a
retrospective risk assessment process can complement each other in the
evaluation of the environmental risks of the chemical mixture contained in domestic wastewater. In view of the prospective assessment,
a chemical mixture is defined based on those domestic activities that
are an important source of the constituents of the chemical mixtures
in municipal wastewaters. Starting with domestic activities associated
with emissions of chemicals, we identified key products that are used
in diverse human activities. For each of these uses, representative proxy
substances were selected as constituents of the chemical mixture in
domestic wastewater. Their respective loading rates of the wastewater
were estimated based on product use statistics obtained from sector
associations, and where required, on information about product compositions. Further, these proxies were based also on their physical-chemical
and biodegradation properties that lead to diverse effluent exposure
estimates. Combining this information yielded the chemical mixture
input to wastewater treatment plants for the prospective risk assessment.
This information is complemented with data on effects on freshwater
organisms from the literature.
TP145 Extraction and non-destructive cleanup for mixtures of volatile and semi-volatile chemicals in fish tissue
K. Löfstrand, Stockholm Univ / Dept of Applied Environmental Science;
M. Adolfsson-Erici, M. MacLeod, Stockholm Univ – ITM / Dept of
Environmental Science and Analytical Chemistry ACES
Essential oils are complex mixtures of chemicals extracted from plants
and are used in personal care products as fragrances and as flavourings
in food or beverages. Assessing substances with Unknown or Variable
Composition (UVCBs) like the essential oils is problematic under
REACH, especially assessment of bioaccumulation. In this abstract
we present an analytical method and a step towards improving bioaccumulation assessment one class of UVCBs, i.e., the essential oils. These
chemical mixtures consist of substances that are not stable towards an
acid cleanup, making analysis in biota challenging. By modifying the
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trap and purge method developed by Kierkegaard et al. (2010) in which
volatilized analytes were collected on an ENV+ column, we report on an
easy method for simultaneously measuring analytes with a vapor pressure
ranging between 300-0.008 Pa. Here, we selected 11 model compounds
to validate an extraction and cleanup method that could be applied to
essential oils. The method was evaluated using spiked fish tissue, as well
as used to study the kinetics of model compounds in vivo.Whole rainbow
trout were homogenised and subsamples were spiked with the test
chemicals and surrogate standards. The analytes were extracted from the
fish tissue using acetonitrile. A solvent change and concentration of the
sample was carried out by addition of water and n-hexane. The extract
was inverted and centrifuged and the hexane phase transferred to a clean
test tube. Volatile compounds were then extracted using a purge and
trap method. The extract was first evaporated to dryness under as gentle
stream of nitrogen gas at room temperature. A volatile fraction was separated by heating the sample (70°C) in a closed system with a continuous
gentle stream of nitrogen gas. The volatile analytes were collected on a
ENV+ column throughout the cold evaporation and the heating and then
eluted from the column with n-hexane. The extracts were spiked with
a volumetric standard before instrumental analysis with GC-EI-MS
(SIM). The extraction time varies with the volatility of the compounds
(0.5h > extraction time > 310h) but can be corrected for either by using
appropriate surrogate standards or by predicting the Cmax from temperature curves. The recoveries of the less volatile compounds seemed to
be supressed by fat in the sample, thus, acetonitrile was used to limit the
amount of fat extracted.

Remediation/Restoration General
TP146 An Operational Framework for Controlling Work Flow and
Data Hygiene When Preparing Complete and Useable Data Sets for
Multiple End Users
K. Fletcher, ERM, Inc. / Ecological Risk; N. Hausmann, ERM; T.
Kennedy, ERM Inc
With large, complex remedial investigations involving multiple end
users, the need to share data with all the parties involved is paramount.
Typically, a common consultant to a group of cooperating parties will
collect and assemble the data in a database, which may then be made
available to each party to conduct their own evaluation of the entire dataset, and subsequent interpretation of potential risk and/or liability. For
example, a cooperating party may wish to map the data in a GIS, or to
integrate the data into other software for purposes of statistical analysis
or modeling. The challenge is therefore to effectively replicate the dataset
and data management approach employed by the common consultant in
order to present a defensible and repeatable analysis, and also to maintain
transparency of data quality control through documentation during the
process of preparation, delivery and subsequent use by the end user. This
poster will describe an operational framework employed by ERM in
which a complete and ‘useable’ data set is defined and shared for integration and analysis with examples of data quality control documentation.
The use of this operational framework will improve data quality and
tracking, provide transparency to end users and create an ‘audit trail’ for
future reference and repeatability.
TP147 Biomonitoring in Chickens Raised on Mercury Contaminated
Floodplain Soils
T.S. Bingman, TIMOTHY BINGMAN / Corporate Remediation; A.
Guiseppi-Elie, USEPA; D. McCue, AECOM; R.G. Stahl, E.I. DuPont de
Nemours and Company / Corp Remediation
Historic industrial operations along portions of the South River in
Virginia have resulted in mercury contamination of certain floodplain
soils. In order to assess the potential risks associated with ingestion of
poultry raised in the floodplain, a mercury biomonitoring program was
developed to determine the levels of this element in various poultry
tissues. Samples of eggs, muscle, liver, gizzard, feathers and blood were
collected from three species of floodplain and control group chickens. The

samples were analyzed for mercury content, and the resulting data from
the edible tissues were incorporated into standard ingestion exposure
equations to estimate the potential human exposures that could result if
similarly reared chickens were to be consumed as a source of food. Hazard
quotients (HQs) were developed for the ingestion of each type of edible
tissue for each species of chicken. The results indicated that potential exposures from the ingestion of muscle and eggs were well below
threshold exposures (all HQs< 1). Hazard quotients calculated based on
the ingestion of liver and gizzard indicated some exceedences of the HQ
of 1 exposure threshold; however, this is likely an artifact of using muscle
ingestion rates to evaluate consumption of these tissues. Further, calculation of the number of meals that could be safely consumed support that
bioaccumulation of mercury in edible tissues would not be a concern at
this site. Regression analyses of blood and feather data compared to edible
tissues showed strong correlations. This suggests that monitoring of blood
and feathers may represent a good, non-lethal means of estimating levels
of mercury in edible tissues. The feather data also suggest that mercury
concentration in feathers, with subsequent molting, may represent a
mechanism for mercury elimination in these fowl.
TP148 Bioremediation of hydrocarbon contaminated soil and water
in the vicinity of a telecom service provider plant, using concerted
biotechnologies
C. Ogbonna, Nnamdi Azikiwe Univ / Dept of Environmental Management;
I.N. Onwurah, Univ of Nigeria / Biochemistry
The operations of several telecommunication providers in Nigeria have
impacted the environment as a result of continual washing and run-off
of lube oil spilt during generator servicing and refuelling. This work
is all about bioremediation strategies employed to clean the impacted
site. The operations consisted of land farming/aeration for about 1 week
(Onwurah et al., 2007), followed by nutrient enrichment, broadcasting of Azotobacter/Pseudomanas sp. consortium (Onwurah and Nwuke
2004) and addition of Oclansorb® plus. Adsorbent treatment sheets were
used to remove floating hydrocarbons, followed by bioremediation using
Azotobacter/Pseudomanas sp. consortium. The result of the bioremediation
of the soil shows that the selected hydrocarbons were reduced significantly (p>0.05) from the pre-remediation level of 1193 mg/kg to values
lower than 15mg/kg within six weeks. This bioremediation strategy
promoted re-vegetation of the soil. The reduction in hydrocarbon level in
the fish ponds was parallel to re-aeration that could support aquatic life.
The entire process was cost effective and environmentally friendly.
TP149 Bioturbation facilitate degradation of oil components in
coastal sediments through activation of microbial community
N. Deb Adhikary, Biology; P.L. Klerks, A. Chistoserdov, Univ of Louisiana
at Lafayette / Dept of Biology
The Deepwater Horizon oil spill in the northern Gulf of Mexico was
the largest oil spill in the history of petroleum industry, and some of
this oil made it to the shoreline. Since bioturbators such as ghost shrimp
and bivalves are widely distributed in the intertidal to subtidal zones
of the Gulf of Mexico, it is very important to understand the role that
bioturbation may have on the microbial community involved in petroleum degradation. A series of greenhouse microcosm experiments was
set up with ghost shrimp or razor clams as bioturbators. Microbial
community changes were followed by 16S rRNA gene sequencing
and the microbially-mediated rates of polycyclic aromatic hydrocarbon (PAH) degradation were determined using sediment spiked with
14C-radiolabeled naphthalene. The data suggest that the microbial community of sediments previously exposed to oil has a significantly higher
oil degradation rate than those of oil-free sediments, and that this was
further enhanced in bioturbated sediments. The effect on the microbial
community was particularly prominent for the ghost shrimp: naphthalene degradation rates increased three-fold for sediment bioturbated by
ghost shrimp. Bioturbation by razor clams did not significantly increase
naphthalene degradation. Bioturbation alone (without oil activation of
the microbial community) did not show any significant effect on the
naphthalene degradation rates. No significant changes were observed in
the bacterial community composition on the phylum level following oil
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augmentation, though ongoing analyses at lower taxonomic levels seem
to indicate alterations in the microbial community. Although it appears
that bioturbation has a limited effect on the composition of the microbial
community in coastal sediment, ghost shrimp-mediated bioturbation does
increase the rate at which petroleum hydrocarbons are broken down.
TP150 Development of an Interagency Guidance To Improve The
Reliability Of Data Collected To Support Ecological Restoration
Projects
L. Blume, USEPA / Great Lakes National Program Office; J.A. Schofield,
C. Palmer, M. Middlebrook, B. Fevold, CSC; K. Rodriguez, USEPA /
GLNPO; L. Walters, K. Miller, CSC
Since 2009, more than 1,000 projects related to the protection or
restoration of habitat and wildlife have been funded under the Great
Lakes Restoration Initiative (GLRI). Ecological restoration requires the
collection of reliable data for planning restoration projects, evaluating
effectiveness, and building the necessary evidence to support management
decisions. Often these data are collected as observations (e.g., species
identification) or estimates (e.g., cover or abundance class) based on best
professional judgment. The challenge for ecosystem restoration specialists and decision makers is that little guidance or training is available on
how to ensure the quality and reliability of such data. Basic principles
in quality assurance (QA) and quality control, applied to traditional
environmental monitoring and assessment projects, provide a framework
for the assessment of effectiveness of ecological restoration. To tailor
this framework for ecological restoration projects, USEPA’s Great Lakes
National Program Office (GLNPO) has assembled the Interagency
Habitat Restoration Quality Assurance Committee comprised of members from eight Federal Agencies and organizations including USEPA,
NOAA, NPS, NFWF, USACE, USFS, USFWS, and USGS, as well as
consultants and practitioners. The committee is developing QA guidance for ecosystem restoration projects. The goals of the guidance include
improving data quality for ecological measurements, facilitating evaluations of project success, incorporating long-term effectiveness monitoring
as feedback to adaptive management, and improving utility of data for
future uses. The committee 1) conducts monthly meetings to provide a
forum of information exchange, 2) is developing QA guidance and tools,
and 3) provides training sessions based on the concepts in the QA guidance. The guidance and training will assist practitioners and stakeholders
in improving the reliability of data needed to evaluate project success and
support management decisions across the Great Lakes, as well as other
areas undergoing restoration.
TP152 Engineered plant for phytoremediation of environmental
contaminant-the current state of affairs
R. Anyasi, Univ of South Africa / Environmental Sciences; H.I.
ATAGANA, Univ of South Africa / Inst for Science and Technology
Education; C.E. Okereke, Univ of South Africa / Chemisty
Phytoremediation has been described as an efficient medium through
which chemical hazards that can be identified by various classes of pollution could be removed from the soil; hence it suffers various limitations
that has prevented the field application of the technique. Plants lack the
metabolic enzymes required for full pollutant remediation and this often
results in slowing the pace at which phytoremediation activity occur.
Such inherent limitation of plants for complete remediation of xenobiotic
compounds calls for the idea to genetically modify plants using bacteria or mammalian genes that take part in the degradation of chemical
compounds that are found to be toxic. Various plants have been implicated in this new line of biotechnology. Whilst most of them defile the
inherent limitations, others are affected by the challenges and therefore
are unable to achieve the primary goal which is environmental pollution remediation. This study provides an in-depth analysis of various
endophytic-transgenic phytoremediation studies on organic contaminated environment. It also highlighted the kind of plants employed in
such application, the strength and weaknesses of the plants as regards the
contaminant in question as well as the measure of remediation that were
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used. The study proffers better alternative plants for phytoremediation
of organic chemical contaminants based on the type of contaminant and
the intending remediation protocol to be followed.
TP153 Influence of pyrolysis temperature on the physicochemical
properties and herbicide adsorption of agricultural waste-derived
biochar
Y. Li, Inst of Agricultural Resources and Environment; Z. Liu, L. Wei, Y.
Huang, L. Huang, G. Xu, S. Yang, Guangdong Academy of Agricultural
Sciences / Inst of Agricultural Resources and Environment
The extensive usage of herbicides in agricultural activities has caused
high herbicide residues in waterways, which may pose potential risk to
ecological environment. Biochar has good capacity to sequestrate organic
pollutants due to its high specific surface area. Thus biochar has been
widely used as soil conditioner to regulate the migration, transformation
and bioavailability of pesticides in contaminated soil. The aim of the
present study was to investigate the influence of pyrolysis temperature on
the physicochemical properties of agricultural waste-derived (plant and
anminal source) biochar, and further evaluate the adsorption of isoproturon, one commonly used herbicide, by the biochars. The properties of
biochar were assessed by Fourier Transform Infrared (FTIR) spectra,
Element analyzer and Scanning Electron Microscope–Energy Dispersive
X-ray Spectroscopy (SEM–EDS). Pyrolysis temperature and raw materials of the biomass were the two key factors influencing the physical
properties and adsorption characteristics of biochar. With the increase of
pyrolysis temperature, biochar experienced an aromatic enhancement but
hydrophilic and polar weakening process. The pH and contents of ash
and element C, Cl, P and K increased and the contents of element H, O,
N and S decreased in plant source biochar with increasing pyrolysis temperature. In contrast, the content of element C decreased with increasing
pyrolysis temperature in animal source biochar. In addition, the contents
of ash and nutrient in the animal source biochar were greater than that
in the plant source biochar. To further understand the influence pyrolysis
temperature on the adsorptive capacity of biochars, biochars made under
various pyrolysis temperatures (350 ºC, 550 ºC and 750 ºC) were used to
adsorb herbicides in soil-water system. The adsorption rates of isoproturon by 350 ºC- and 750 ºC-treated biochars were 77.1% and 99.8%,
respectively, suggesting that high pyrolysis temperature-treated biochars
had higher adsorptive capacity to herbicides.
TP154 Monitoring residues and effects of lead contamination in a
wetland: In situ exposures with southern leopard frog (Lithobates
sphenocephalus) tadpoles
S.K. Krest, F.E. Pinkney, US Fish and Wildlife Service / Chesapeake Bay
Field Office; D.J. Hoffman, USGS / PWRC - Beltsville Lab; D. Sparling,
Southern Illinois Univ / Cooperative Wildlife Research Laboratory; M.A.
Rutter, Penn State Erie - The Behrend College / Dept of Mathematics
The 4105-hectare Prime Hook National Wildlife Refuge, Milton,
Delaware, hosts 308 bird species, 51 fish species, 45 species of reptiles
and amphibians, and 37 mammal species. From 1962 through 1998, the
Broadkiln Sportsman’s Club operated a trap-shooting range adjacent
to the refuge. About 8.9 ha of refuge land was within the shooting
trajectory, some of which received substantial lead shot deposition (56 to
57,868 shot/ft2 in a 1998 survey). In fall 2002, the US Fish and Wildlife
Service removed the top 8 inches (20 cm) of the 0.25 ha upland area.
The remaining contaminated area (1.6-2.0 ha of forested wetland) was
placed into a long term monitoring program. We describe the results
of in situ tests with southern leopard frog (Lithobates sphenocephalus)
tadpoles conducted before the upland cleanup (spring 2002) and after, in
2004, 2005, and 2011. One wetland site was labeled the “hot spot” and
one the “warm spot”, based on sediment lead concentrations. A 0.5-ha
pond with no history of contamination (Fred’s Pond) was also tested.
Sixty pre-limb bud tadpoles were collected from an uncontaminated
area of the refuge and placed in mesh net enclosures at the three sites.
Exposures ended when tadpoles at Fred’s Pond began to reach metamorphosis. One endpoint was post-exposure whole body (minus gut) lead
concentration. At the hot spot, the mean concentration was 57.0 ppm
(2002), 17.4 ppm (2004), 27.7 ppm (2005), and 28.0 ppm (2011). Mean
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lead concentrations for all post-cleanup years were significantly reduced
from pre-exposure (2002) concentration, with no significant differences
among post-cleanup years. There was no significant improvement at the
warm spot; concentrations ranged from 0.58 ppm to 1.34 ppm. A second
endpoint was liver d-aminolevulinic acid dehydratase (ALAD) activity,
necessary for heme synthesis and known to be inhibited by lead. At the
hot spot, mean ALAD activity was severely inhibited in 2002 (17.4 nmol
porphobilinogen per g liver tissue per hour at 37 ºC) and significantly
improved in 2004 (109.9), 2005 (85.9), and 2011 (142.7), nearly equal to
the activity at Fred’s Pond (169.4 in 2011). A significant improvement
also occurred at the warm spot. There was a significant negative correlation (r=-0.53) between ALAD activity and ln lead residue concentration.
The results indicate a substantial, but incomplete recovery from lead contamination. The strengths and weaknesses of this approach are discussed.
TP155 Monitoring the Natural Attenuation of Chlorobenzenes in
Groundwater
R. Zajac, L. Cook, D. Williamson, CH2M
Long-term monitoring (LTM) is a common remediation practice
for many VOC-contaminated groundwater sites. Monitored natural
attenuation (MNA) is a common remedy selected for these sites, as it
is economical and provides the remedial alternative with the best long
term net environmental benefit. MNA helps avoid active remediation of
marginal impacts to ecological resources preventing habitat loss or loss
of other ecosystem values present at sites with low level contamination.
While many chemicals such as petroleum hydrocarbons and chlorinated ethenes have been widely studied and have formally recognized
MNA protocols that provide guidance on the steps that must occur to
understand the rate and extent to which natural processes will reduce
contaminant concentration, chlorobenzenes (including dichlorobenzene
and trichlorobenzene) do not have a formal MNA protocol despite their
presence at 97 of 1,177 National Priority List sites. Chlorobenzenes are
commonly used as solvents for pesticide formulations, degreasers, and
as a precursor to the production of other chemicals. We developed a
technical protocol for MNA evaluation at a military site that could be
applied to any site impacted by chlorobenzenes. This protocol will aid
in assessing if MNA is an appropriate and cost effective remedial action
for sites impacted with chlorobenzenes. This protocol uses multiple lines
of evidence, including geochemical, microbial population, and daughter
product (2-chlorophenol, 4-chlorophenol, and 3-chlorocatecal) analyses.
Aerobic and anaerobic pathways in groundwater are also evaluated. Sitespecific data used with the MNA protocol will assess if MNA will be an
effective remedy at the site.
TP156 Relationships between PAHs and Sediment Setting in River
Sediments from Detroit, Michigan
J. Cole, EA Engineering, Science, and Technology, Inc. PBC / Water and
Natural Resources; M.C. Ciarlo, EA Engineering, Science, and Technology;
M.W. Powell, EA Engineering, Science, and Technology, Inc. PBC / Water
Resources Dept
The Lower Rouge River Old Channel (LRROC) is maintained as an
active channel for industrial and commercial shipping traffic adjacent
to Zug Island in Detroit, Michigan. The LRROC is approximately 1.5
miles long, and the width of the channel generally ranges between 150
and 200 feet. The LRROC flows through a highly industrialized area
and has a history of multiple industrial discharges, stormwater outfalls,
combined sewer overflows, and non-point pollution sources which have
culminated in high concentrations of polycyclic aromatic hydrocarbons
(PAHs) in river sediments. As part of a remedial design investigation,
sediment samples from 72 locations in the LRROC were analyzed for
38 polycyclic aromatic hydrocarbons (PAHs), moisture content, and
total organic carbon (TOC). Concentrations of total PAHs in sediment
samples ranged from less than 1 mg/kg to over 39,000 mg/kg. Molecular
diagnostic ratios and principal component analysis (PCA) were used
to characterize the ratios of PAHs associated with different sediment
characteristics and settings. Molecular diagnostics included evaluation of
PAH ratios typically associated with petrogenic and pyrogenic sources.
PCA was used to discern trends relating sediment characteristics (i.e.,

percent moisture, percent carbon, depth, lithology) with PAH distribution characteristics (total concentration, ESBTUs, IWTUs, relative
abundance of individual PAHs). Results indicate a key role of pyrogenic
sources and relationships that associate specific PAH combinations with
different fate and transport settings.
TP157 Restoring a reservoir to its historic stream configuration to
reduce salinity and selenium exposure in birds at Hailstone National
Wildlife Refuge
D.R. Rouse, US Fish and Wildlife Service; K.J. Nelson, US Fish and
Wildlife Service / Environmental Contaminants Program
Within a reservoir at Hailstone National Wildlife Refuge (NWR),
salt toxicosis in ducks has been documented and salt encrustation left
ducks flightless. Further, documented selenium levels and an associated hazard assessment indicated that the reservoir has the potential to
cause complete reproductive failure in sensitive species of waterfowl and
shorebirds. Removing Hailstone dam and restoring Hailstone Reservoir
to its natural configuration was selected as the best strategy to reduce
the risk posed by contaminants that accumulated in the reservoir. Since
the dam breach in 2011, surface water and groundwater quality has
been monitored and selenium levels in aquatic macroinvertebrates and
American Avocet (Recurvirostra americana) embryos were measured at
Hailstone NWR and throughout the surrounding Lake Basin watershed.
At Hailstone NWR, surface water quality of the restored channel has
generally improved compared to past conditions of the reservoir with
specific conductivity and selenium concentrations two and three times
less than the historic averages, respectively. Slight increases in specific
conductance and selenium in shallow groundwater is apparent, but average aquatic macroinvertebrate selenium concentrations have decreased.
Average avocet embryo concentrations at Hailstone NWR in 2014
were less than the concentrations detected prior to the dam breach and
represent a predicted rate of teratogensis of 0.2%, a 4% decrease from the
average pre-dam breach predicted rate of teratogensis Other than slight
increases immediately following the dam breach, surface water specific
conductivity and selenium concentrations at downstream sites have not
departed from pre-dam breach conditions. Conversely, slight increases
in specific conductance and selenium in shallow groundwater wells were
apparent following the dam breach. Although pre-dam macroinvertebrate and avocet embryo data was not available for downstream sites,
concentrations detected in 2014 were below levels of concern. The dam
removal at Hailstone NWR has improved water quality at the refuge
and has reduced the risk to waterfowl and shorebirds. Surface water and
groundwater monitoring across Lake Basin watershed will continue and
restoration strategies will continued to be explored to further improve
water quality at Hailstone NWR and downstream.
TP158 Striking a Balance Between Remedial Goals and Habitat
Function: An Exercise in Consensus Building
K. Hoffman, C. Mancini, AECOM; R. Davis, Anchor QEA, LLC /
Natural Resources; C. Patmont, Anchor QEA, LLC; N.R. Grosso, E.I.
DuPont de Nemours and Company; R.G. Stahl, E.I. DuPont de Nemours
and Company / Corp Remediation
Historically released mercury (Hg) accumulated in depositional areas
along the banks and floodplain of the South River, Virginia. Natural
erosion of river bank soils with elevated Hg concentrations is a primary
mechanism for legacy Hg loading to the aquatic and terrestrial ecosystems. As part of Phase 1 Interim Remedial Measures (IRMs) under the
Resource Conservation and Recovery Act (RCRA) Corrective Action,
river banks in the first two river miles of the impacted area are being
targeted for erosion control and bank management. An initial review of
conceptual designs and the Phase I bank management areas (BMAs)
by stakeholders, including state wildlife agencies and local municipalities, identified a need to factor in the potential loss of riparian habitat
functions associated with mature trees. A series of site reconnaissance
surveys was organized to identify specific patches of valued habitats and
resources within the Phase I BMAs. A series of discussions was held
to subsequently reach a consensus for the remedial designs based on a
balance between remedial goals and habitat function. Aspects of this
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collaborative approach will be presented, including the issues, challenges,
actions, and discussions that ultimately led to a consensus to proceed
with the conceptual design for Phase 1 BMAs that meets the remedial
objectives—in balance with habitat function.
TP159 Variations in Soil TPH Risk Evaluation and Impacts to
Remediation Decision-Making
K. Patel-Coleman, J. Curren, AECOM
Petroleum release sites represent a significant portion of contaminated
sites across the United States. Petroleum is comprised of a complex
mixture of hundreds of compounds. The complexity and variability of
petroleum mixtures make assessing risks due to petroleum releases challenging. Starting in the 1990s Massachusetts Dept of Environmental
Protection (MADEP) and the Total Petroleum Hydrocarbon Criteria
Working Group (TPHCWG) began developing guidance for evaluating
health risk associated with the entire hydrocarbon mixture, by grouping the total petroleum hydrocarbons (TPH) by carbon chain ranges
and aliphatic and aromatic fractions, and not just indicator compounds.
Since that time various federal, state, and local agencies have developed their own guidance for evaluating risk due to exposure to TPH
and developing risk-based screening levels using similar groupings of
TPH. In May 2013, for the first time, the USEPA’s on-line Regional
Screening Level (RSL) calculator included a method for developing
RSLs for TPH. The RSLs are widely used nationally to screen sites that
may present a significant TPH health risk. This paper will compare the
USEPA (RSL) methodology for developing risk-based screening levels
for TPH in soil to guidance from the Oregon Dept of Environmental
Quality, MADEP, California Dept of Toxic Substances Control, and
San Francisco Bay Regional Water Quality Control Board. Each of these
guidance documents generally follows methods for calculating risks
consistent with USEPA Risk Assessment Guidance for Superfund series
of guidance documents; however each of the guidance documents makes
different assumptions regarding the grouping of carbon chain ranges,
TPH toxicity, fate and transport modeling, and exposure parameters
used in risk modeling. This presentation will explore the impacts of these
distinct assumptions on risk-based screening levels. Using a hypothetical
TPH-impacted site, an illustration will be provided demonstrating the
variation in risk management decisions that could arise from the different soil TPH assessment approaches.

Microplastics
TP160 Chemical Adsorption of Hydrophobic PAHs in the
Marine Environment onto Microplastic Polymers and Subsequent
Desorption in a Simulated Fish Gut
C. Crawford, B. Quinn, Univ of the West of Scotland / Inst of Biomedical
and Environmental Health Research
With an approximate degradation time of 450 years, plastic is one of the
most durable and persistent environmental contaminants in the modern world. Production since the 1950s has increased prodigiously. In
the marine environment, photo-oxidative degradation and the abrasive
action of waves progressively degrade larger pieces of plastic into tiny
polymer particles less than 5 millimetres in diameter, termed microplastics. As a consequence of their small size, microplastics are inadvertently
ingested by ocean dwelling biota, particularly susceptible filter feeders
such as Mytilus edulis as well as many varieties of fish. Crucially, many
of these organisms are located near the bottom of the food chain and
recent research has demonstrated detrimental effects such as inhibition of
gastrointestinal function and feeding impairment. However, it has newly
emerged that microplastics are able to act as a transporter for the uptake
of hydrophobic persistent organic pollutants (POPs), such as polycyclic
aromatic hydrocarbons (PAHs), whereby these hydrophobic organic
chemicals (HOCs) become adsorbed onto the surface of the microplastic particles. Ingestion of microplastics by biota, combined with the
typical pH changes associated with digestion, results in PAHs leaching
off the surface of the microplastics with the inevitable consequence of
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bioaccumulation within the organism. Since many susceptible organisms are located at the bottom of the food chain, chemical adsorption
provides a mechanism for trophic transfer of contaminants in the
marine environment up the food web to larger organisms, including
humans. The chemical adsorption of specifically nominated PAHs onto
a polyethylene microplastic polymer organic phase was investigated to
determine the sorption capacity of the microplastic in order to evaluate
the level of contaminant capable of being transported. This was carried
out utilizing artificial seawater maintained at a controlled temperature in
order to simulate the conditions of the marine environment. Subsequent
transfer and submersion of the microplastics into an acidic environment,
representing the gut temperature and pH of a marine fish, facilitated
investigation and quantification as to the level of PAH leached into the
surrounding medium. Consequently, this allowed determination as to
the extent of leaching exhibited by PAH coated polyethylene microplastics when exposed to the simulated chemical environment of a fish gut
and the associated risk to marine biota.
TP161 Sorption of persistent organic pollutants to two bio-based
polymers, polylactic acid and polyhydroxyalkanoate
K. Uhlig, D.R. Luellen, R.C. Hale, Virginia Inst of Marine Science /
Aquatic Health Sciences
Plastic production has grown 620% since 1975, with over 200 million
metric tons produced annually. With the lack of cradle-to-grave waste
practices, plastic intrusion on marine and terrestrial environments has
become an environmental concern. Plastics are now ubiquitous in marine
environments, extending from estuaries to polar seas and ocean floors.
Microplastics, or plastic particles less than 5mm in size, have become
increasingly recognized as an important transporter of persistent organic
pollutants (POPs) in marine environments. Ingestion of microplastics
containing additives, surface-sorbed chemicals, or both may deliver
enhanced toxicant dosages to organisms of all trophic levels. The potential effects to marine life of this enhanced exposure to toxic chemicals
has lead consumers to demand eco-friendly plastics to replace traditional
petroleum-based plastics. Polylactic acid (PLA) is currently being used
as a replacement for non-degradable plastic packaging and agricultural
mulch films, while polyhydroxyalkanoate (PHA) has been suggested as
a replacement for cosmetic microbeads such as those commonly found in
face washes and toothpastes. These bio-based polymers are characterized
as biodegradable, potentially forming microplactics in the process of their
degradation. Investigation of bioplastic interactions with POP chemicals
in aquatic environments should be performed before wider adoption of
these alternative plastics. This study compares the sorption of a selection
of common POPs to widely utilized polyethylene (PE) versus “green”
alternatives, PLA and PHA. Sorption experiments were conducted using
a single representative stable isotope-labeled PBDE and PCB congener,
as well as 4,4’-DDT. Microplastic beads (5mm in diameter) were added
to POP spiked centrifuge tubes and allowed to equilibrate. Beads were
then collected, dried and analyzed for POPs using GC/MS.
TP162 Investigations of polychlorinated biphenyl release from engineered solids under shallow and deep ocean conditions
R.D. George, US Navy, Spawar Systems Center 2361 / Environmental
Sciences; R. Johnston, US Navy / Marine Environmental Support Office
NW; C. Cooke, US Navy, Spawar Systems Center / Environmental Sciences;
C. In, US Navy, Spawar Systems Center; B. Wild, US Navy, Spawar
Systems Center / Environmental Sciences
Release behaviors for polychlorinated biphenyls in engineered solid
materials have been investigated under laboratory-simulated conditions to evaluate the dependence of PCB release rates on temperature
and hydrostatic pressure. Three nominal scenarios were investigated:
4oC at 1 bar, 4oC at 300 bar, and 25oC at 1 bar, with the latter two
scenarios simulating deep and shallow ocean conditions, respectively.
Numerous polymeric solids contaminated with PCBs were the focus of
this study, including closed cell foam insulation, impregnated gasket
materials, coated man-made vitreous fiber, polymeric rubber materials, electrical cable insulation, and paint. These materials are similar to
materials such as microplastics that contain plasticizers, additives, or
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sorbed environmental contaminants. Batch leaching studies for these
solids were performed by continuously exposing the solids to artificial
seawater under gently mixed dynamic conditions over a period of months
to years. Mass transfer of PCBs from the solids to artificial seawater was determined at sequential time intervals over the course of the
leaching experiments. Some general observations include release rates
with differential attenuation by type of engineered solid, PCB release
magnitudes spanning several orders of magnitude, and temporal effects
related to depletion of PCBs at the solid-seawater interface, leading
to diffusion-limited release rates for all materials tested. While PCB
release rates from all solids tested were dependent on both pressure and
temperature, temperature dependence was stronger, characterized by
slower initial release and suppressed overall release rate magnitudes with
time. The results of these studies may have implications for understanding contaminant release behaviors associated with engineered solids such
as contaminated microplastics in the environment.
TP163 Assessing the effects of polyethylene microbeads on juvenile
hard clams (Mercenaria mercenaria)
H. Wertz, College of Charleston / Marine Biology; M.E. DeLorenzo, NOAA
/ NOS NCCOS CCEHBR; J.E. Weinstein, The Citadel / Dept of Biology
The escape of plastic material into the environment has caused a great
deal of concern in recent years as plastic debris of all sizes is ingested by
a wide range of organisms. The objective of this study was to determine
the effect of polyethylene microbeads (10-20 µm) on the growth and
mortality of juvenile hard clams (Mercenaria mercenaria)through acute
and chronic exposures. Two biomarkers (lipid peroxidation and glutathione) were also measured. For all assays, there were three treatment levels
(low, medium, and high exposure) and a control, with 3 replicates per
treatment and 30 clams per replicate. Clams were placed in wide-mouth
jars with 180 mL of test solution, and fed 20,000 cells/mL of the alga
Isochrysis galbana daily. MIcrobead concentrations started at 5000 beads
L-1 for the low treatment level and increased logarithmically. After a
24 h exposure, clams in the high treatment level were found to ingest
significantly more microbeads with up to 90 beads found in the gut tract
of a single clam. Ingestion of microbeads did not induce any cellular
damage as measured by lipid peroxidation and glutathione. After a 21 d
chronic exposure, clams in the high treatment level were smaller and ate
significantly less algae. There was no significant difference in mortality for any assay. Our results demonstrate that polyethylene microbeads
are ingested by juvenile clams, and their ingestion has the potential to
negatively influence growth.
TP164 Ingestion of microplastics by Daphnia magna and reproductive
effect
P. Canniff, Loyola Univ Chicago / Inst of Environmental Science; T. Hoang,
Loyola Univ Chicago / Inst of Environment and Sustainability
The concern of plastic pollution has recently grown at global scale.
Recent studies have found that the Great Lakes region has the highest
concentration of plastic material in any freshwater source. Concurrently,
it is the largest source of freshwater in the world and therefore instigates a need to address the effect of these plastics. The present study
determined the effects of microplastic (as defined as < 5mm in size) consumption in freshwater invertebrates, Daphnia magna. Daphnia magna
was chronically exposed to fluorescent green polyethylene microspheres
of size 63µm-75µm at concentrations of 25, 50, and 100 mg/L. Ingestion
of microplastics and reproduction of D. magna were measured. The
present study found that D. magna ingested significant amount of microplastics. The average concentrations of microplastics in the gut of D.
magna were 26.26 and 76.75 pieces/organism at the lowest and highest
water concentrations of microplastics, respectively. A lower reproductive
rate was found for D. magna at higher water and body concentrations of
microplastics. These results reveal potential population effect of microplastics in the natural ecosystem. Organic pollutants are usually adorbed
by plastics and therefore can be carried to organisms when plastics are
consumed. More research should be conducted to determine potential
effect of adsorbed organic pollutants on plastics in the aquatic ecosystem.

TP165 Presence and toxicity of microplastics in the Canadian aquatic
environment: A review
J. Anderson, Stantec Consulting Ltd. / Dept of Chemistry; B.J. Park,
Freshwater Inst / Dept of Fisheries and Oceans; V. Palace, Stantec
Consultants Ltd.
Microplastics are increasingly detected in various aquatic environments,
and there are growing concerns that they can have toxic effects when
ingested by biota in Canadian freshwater and marine environments.
An extensive literature review was performed by Stantec Consulting
Ltd., on behalf of Fisheries and Oceans Canada, in an effort to summarize the current state of knowledge of microplastics in marine and
freshwater environments. The first specific objective was to summarize:
1) the sources and composition of microplastic materials in the aquatic
environment, 2) their environmental fate and behavior, including previously reported environmental levels of various size classes in surface
waters, water column, and sediments, and 3) pathways of ingestion by
biota (direct ingestion and trophic transfer) and persistence in tissues.
The second objective was to summarize the toxic potential of microplastics in aquatic biota, including invertebrates, fish, and marine mammals.
Included was an analysis of the types of contaminants that can associate
with microplastics, i.e., intrinsic components of the plastic material itself,
as well as other environmental contaminants (such as PCBs or other
POPs) that adsorb or bind to the plastic. The third specific objective was
to identify knowledge gaps and specific needs for future research to better evaluate the aquatic toxicity of microplastics. Identified gaps include
further characterization of sources, behavior, and toxicity of microplastics and their associated contaminants, particularly in freshwater
environments and the Arctic.
TP166 Macroplastic trash: The visible pollutants in osprey (Pandion
haliaetus) nests in Chesapeake and Delaware Bays
R. Lazarus, USGS Patuxent Wildlife Research Center / USGS; B.A.
Rattner, USGS Patuxent Wildlife Research Ctr / Beltsville Lab; P.C.
McGowan, US Fish and Wildlife Service Chesapeake Bay Field Office; T.G.
Bean, Univ of Maryland / Dept of Environmental Science and Technology
Ospreys are a well-known sentinels for monitoring spatial and temporal trends of environmental contaminants. Ospreys have been observed
to incorporate unusual items, including plastic material, fishing tackle,
cordage, fabric and clothing into their nests. Sometimes referred to as
anthropogenic nest material, adults and chicks may become entangled
in such debris (i.e., fishing tackle, six-pack rings, plastic bags). Nestlings
and eggs have been found underneath fabrics and plastic sheathing, but
it unknown if this is a purposeful behavior or accidental event. This has
been documented worldwide in many species of raptors (e.g., bald, golden
and steppe eagles, saker falcons, upland buzzards). Such materials, if
ingested, can constitute a choking hazard and even cause internal damage
(e.g., gastrointestinal impaction and perforation). Several large-scale ecotoxicological osprey studies have documented the presence of macrotrash
in nests throughout Chesapeake and Delaware Bays. Following initial
observations in 2000-2002, a more rigorous survey of 156 osprey nests in
11 Chesapeake Bay tributaries and embayments. This survey documented
the presence of anthropogenic materials (occurrence ranged from 10%
to 100% of nests). In 2011, all 25 nests surveyed in Baltimore Harbor/
Patapsco River, MD and 15 of the 19 surveyed nests on the Anacostia/
middle Potomac Rivers contained macrotrash. Even nests in remote
mid-Bay locations, including Poplar Island, contained trash and cordage
materials. A similar survey is currently underway in Delaware Bay and
River. It is unclear if the birds are using these materials as “decorations”,
or simply have a limited source of natural nest materials. Other species, most commonly seabirds, which have diverse dietary habits, ingest
microplastic particles, and then regurgitate their stomach contents to their
vulnerable young. These items of man-made origin may be hazardous to a
few individuals, but population-level effects have not been documented.
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TP167 Microplastic Contamination in San Francisco Bay
R. Sutton, S.K. Stanek, San Francisco Estuary Inst; S.A. Mason, State Univ
of New York at Fredonia; E. Willis-Norton, San Francisco Estuary Inst; I.F.
Wren, San Francisco Baykeeper
Microplastic is a term used to describe fragments of plastic 5 mm or
smaller. Sources of aquatic microplastic pollution include microbeads
used in personal care products such as facial scrubs and toothpastes,
pellets used as precursors for industrial products, plastic fibers derived
from washing clothes made with synthetic materials, and fragments of
larger plastic items. Motivated by recent state and federal efforts to ban
microbeads in personal care products, the Regional Monitoring Program
for Water Quality in San Francisco Bay (RMP) characterized ambient
Bay surface waters and wastewater treatment plant (WWTP) effluents
for microplastic contaminants. Nine Central and South Bay surface
water samples were collected using a manta trawl. Two-hour sieved
samples of effluent were collected from eight WWTPs discharging to
the Bay. Microplastics in samples were characterized by size, type, and
abundance. Preliminary results from this survey for plastic pollution in
the San Francisco Bay are presented.
TP168 Ecological and human health risk from persistent organic pollutants sorbed to microplastics in the marine environment: What does
the evidence tell us?
L. Ziccardi, Exponent / EcoSciences; S. Kane Driscoll, A.J. Edgington,
Exponent, Inc.; K.L. Hentz, Exponent Inc / Toxicology Mechanistic Biology
A literature review was conducted to assess the likelihood of significant
adverse health outcomes in aquatic organisms and humans from exposure
to persistent organic pollutants (POPs) associated with microplastics in
the marine environment. Only limited experimental data are available
with which to evaluate potential ecological effects from ingestion of POPs
sorbed to microplastics, and data are not currently available to determine
the likelihood that POPs sorbed to microplastics contribute to human
health effects via consumption of seafood. Most of the available studies on marine organisms measured biomarker responses that are more
indicative of exposure than adverse effects at the organismal level. No
studies showed effects from exposure to POPs sorbed to microplastics to
ecologically-relevant endpoints such as reproduction or mortality. Because
of the limited number of studies available for each receptor group it is
not possible to discern any trends in effects. In most cases the observed
effects cannot be attributed to sorbed POPs because many of the effects
were also observed for plastic-only exposures. In addition, the relative
significance of microplastics as a potential exposure pathway for POPs is
small compared to other pathways such as water, food, and sediment. The
mass of hydrophobic pollutants that could potentially sorb to microplastics is expected to be many orders of magnitude smaller than that which
could sorb to natural organic carbon such as phytoplankton and dissolved
organic matter. The weight of evidence does not support that POPs
sorbed to microplastics constitute a significant ecological or human health
risk. More data are needed to confirm the findings of the few studies that
do exist, and to distinguish effects that may be caused by POPs sorbed
to microplastics from effects caused by exposure to the plastics alone or
by the leaching of additives that are intrinsic to the plastics. Additional
data are also needed to determine the relative importance of desorption of POPs from ingested microplastics, including improved methods
for detecting microplastic particles and longer term laboratory and field
experiments. Despite the rapid increase in the number of publications
and research on microplastics over the last few years, significant data gaps
exist in our understanding of the potential contribution of microplastics in
the food-chain transfer of POPs. Areas for future research are identified.
TP169 Understanding the Ecological Effects of North Pacific Gyre
Plastics Using In Vitro Models
S.L. Coffin, Univ of California, Riverside / Environmental Toxicology; E.
Lemaire, Université de la Sorbonne / Ecotoxicologie Ecophysiologie marine; G.
Xu, D. Schlenk, Univ of California Riverside / Dept of Environmental Sciences
Marine plastics are one of the most common and persistent pollutants
in ocean waters and beaches worldwide, estimated to be 60-80% of
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marine litter, reaching 90-95% in some areas. Plastic marine debris poses
a threat to aquatic life as many plastics contain endocrine-disrupting
compounds including nonylphenol, bisphenol a and various phthalates.
Moreover, due to the large surface area of degraded microplastics, they
easily adsorb common persistent organic pollutants (POPs) including
PAHs and PCBs. Plastic samples recovered from the Great Garbage
Patch in the North Pacific Gyre along with UV-irradiated virgin plastic
and non-irradiated virgin plastic were extracted and concentrated using
solid phase extractionand nitrogen evaporation. An in vitro MTT
cytotoxicity assay using Estrogen receptor-dependent (ER) agonist cells
(BG1Luc4E2) revealed a lower cytotoxicity threshold for UV-irradiated
and non-irradiated virgin plastics than for ocean-recovered plastics.
These results suggest that plastics release these chemicals through
degradation in the marine environment. Luciferase-reporter ER and
Beta-lactamase-reporter GeneBLAzer® CYP1A1-Bla (aryl hydrocarbon-receptor or AhR) assays will be used to compare the dioxin-like and
estrogenic activity of these plastic mixtures.

Environmental or Analytical Chemistry
General – Part 2
TP170 A new delivery system of individual PAHs from droplets to
study their dissolution rates
K. Sandoval, Dept of Chemistry Biochemistry and SERC; P.R. Gardinali,
Florida International Univ / Chemistry Biochemistry and SERC
Oil is undoubtedly a complex mixture of different chemical components.
Following an oil spill, micron-sized oil droplets may form naturally
through the action of breaking waves. These droplets may persist in the
water column and increase the surface:volume ratio of the oil and the rate
of compounds partitioning into the water within their solubility limits.
Polycyclic aromatic hydrocarbons (PAH) are viewed as the major determinant of oil toxicity and aquatic studies often report toxicity in terms
of total PAH concentrations of the exposure media. Limited knowledge
exists on the effect of individual compounds of oil droplets in the water
in terms of its dissolution rates and toxicity. In this work, an artificial oil
(AO) composed purely of alkanes (C7-C25) and an isprenoid (pristane)
at equimolar ratios was prepared with different amounts of individual
PAHs commonly present in crude oil in order to test the dissolution of
these compounds from droplets. Oil water dispersions (OWDs) consisting of 10µm droplets size were generated with the AO using an injection
method capable of producing dispersed droplets with defined size distributions. Detection and quantification of the AO droplets was performed
with a particle analyzer and an Epi-Fluorescence microscope. Chemical
analysis for PAHs and saturated hydrocarbons was also conducted. Oil
droplets fluoresce when excited with blue-violet radiation due to the
different compounds present in crude oil. OWDs were generated with
the addition of individual PAHs into the AO at different concentrations
and examined under UV light with the microscope. The fluorescence
of the AO droplets increased with increasing concentration of added
PAHs. Dissolution of Pyrene in the water column was measured by
filtering samples collected at interval times. Pyrene was detected at 19h
at a concentration of 12 ppb. The amount of Pyrene in the water may be
adjusted by modifying the concentration of Pyrene in the AO or amount
of droplets generated in order to match concentrations found in water
samples by different types of oil. To our knowledge, this is the first study
to equilibrate individual PAHs in water solutions using droplets of an
AO composed of pure alkanes as the delivery system.
TP171 A Robust, High Throughput Method for Measurement of
Triclosan and Bisphenol Residues in Duplicate Diet Samples
S.S. Clifton, USEPA / NERL-HEASD, EMAB; J.P. Wargo, National
Caucus and Center on Black Aging, Inc.
Dietary ingestion is considered to be one of the most important routes
of human exposure to chemicals. Direct ingestion bypasses many of
the bodies barriers that offer protection from uptake, such as skin and
mucous. With this in mind, it is very important to account for chemicals
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entering the body through diet when conducting aggregate exposure
studies, especially when correlating urinary biomarkers with route of
exposure. Bisphenol A (BPA) and triclosan are chemicals that have
become highly pervasive due to their widespread use in consumer products. Concerns over the health risks of BPA has led to replacement in
some products with several analogous bisphenols, but little has been done
looking at those chemicals as a whole in the context of aggregate exposure measurements. Duplicate diet samples consist of food portions that
match a study participant’s food intake in both size and composition. All
food items consumed during a specific time period were homogenized.
A modified QuEChERS procedure was developed and evaluated for
applicability in low, medium and high fat diet samples. Briefly, this
method consists of liquid extraction followed by dispersive solid phase
extraction (SPE) and silylation prior to analysis by GC/MS. Limits of
quantification were established at 0.25 ng/g with MDLs ranging from
0.14 to 6.1 ng/g. Recoveries for most chemicals were between 80 and
120%. Challenges resulting from background levels of BPA from various
sources will also be discussed as well as performance parameters obtained
during the analysis of over 1000 duplicate diet samples.
TP172 Active In Situ Field SPE Extraction Techniques and
Advantages for Compliance Monitoring
B.A. Hepner, C.I. Agent Storm Water Solutions
A time integrative solid phase extraction (SPE) device has been developed to provide qualitative and quantitative extracts from fresh and
marine environments. The device actively draws water in a submersed
state through a unique SPE disk that functions as an extraction device,
a self contained shipping unit, and an elution holder. Its small footprint
allows transport to remote areas sequestering hundreds of liters of water.
The SPE disk is all that is sent to the laboratory for elution and analysis, as the water is left behind. The aforementioned extraction method
and device has been used and studied by universities, state and federal
agencies for several years. The recent use of an inline ultrasonic micro
totalizer has provided a highly accurate volumetric determination of
extracted water, allowing for compliance monitoring on a time integrative high volume extraction event. Comparison studies of 20 liter grab
samples to equal field extracted SPE disks were performed, for ultra-low
level PCB congeners in the Spokane River in Washington State. The
results will be compared and results discussed to validate its acceptable
use for compliane monitoring.
TP173 Adsorption Characteristics of Arsenic (V) from Water Using
Cattle Bone Char
S.A. Begum, Tuskegee Univ / Chemical Engineering; A.G. Hyder, KTH
Royal Inst of Technology / Dept of Land and Water Resources Engineering;
N. Vahdat, Tuskegee Univ / Chemical Engineering
Arsenic pollution in natural water is a worldwide problem. The arsenic
contamination in groundwater has been detected in about 21 countries. The World Health Organization (WHO) has limited the arsenic
concentration in drinking water to be 0.01 mg/L. It is estimated that
more than 140 million people in the world consume groundwater with
arsenic concentration above the WHO standard. About 13 million
people in the United States are exposed to drinking water with arsenic
levels greater than 0.01 mg/L. Arsenic is an extremely toxic element
and can cause cancer in the skin, lungs, bladder, and kidney in addition
to skin pigmentation changes, skin thickening, neurological disorders,
muscular weakness, loss of appetite and nausea. Arsenic toxicity has
no known effective treatment. Drinking of arsenic-free water can help
affected people to get rid of the symptoms of arsenic toxicity. Among
various treatment methods, adsorption is the most widely applied
physico-chemical treatment process for removing arsenic from water.
In recent years, the use of bone char has received much attention as an
adsorbent because it is relatively cheap and has demonstrated the ability
to remove many metal ions. Consequently, the objective of this study was
to investigate the pentavalent arsenic [As(V)] removal efficiency of bone
char from water. In addition, reaction kinetics and isotherms for As(V)
adsorption were also evaluated. The adsorption of As(V) onto bone char
was optimized as a function of bone char dosage, pH and contact time

using synthetic water in batch tests. The initial As(V) concentrations
were varied from 0.1 to 1 mg/L to investigate the adsorption kinetics and
isotherm. A graphite furnace equipped atomic absorption spectrophotometer (AAS) was used to determine the As(V) concentrations in the
water. Results demonstrated that the highest As(V) removal was about
62%. This was achieved after about 3 days using 3 g of bone char. The
initial pH was 4.0 with an initial As(V) concentration of 0.5 mg/L. The
adsorption capacity of bone char reached a maximum value of 0.13 mg/g
for an initial As(V) concentrations of 1 mg/L. A Langmuir isotherm and
second order sorption kinetics were observed for As(V) adsorption onto
bone char. Further studies are needed to improve the surface properties
of bone char for higher removal of As(V) from water.
TP174 Application of a Solid Phase Extraction-LC/MS/MS Method
for Determination of Cyanotoxins in Ambient Water During the 2015
Cyanobacteria Bloom Season
D.R. Tettenhorst, USEPA / NERL; J. Allen, J.A. Shoemaker, USEPA /
Office of Research and Development
Harmful algal blooms may expose people to cyanotoxins either through
use as a drinking water source or in recreational water activity. The eutrophication of lakes and rivers and warming trends have led to increasing
levels of cyanotoxins, potentially leading to a greater risk of exposure
during recreational water activities. The USEPA recently released
Method 544 for the determination of microcystins (MCs) and nodularin
in drinking water using solid phase extraction (SPE) and liquid chromatography/tandem mass spectrometry (LC/MS/MS). Six MC congeners
plus nodularin are quantitated using Method 544. Validated and rugged
methods are needed for analysis of cyanotoxins in ambient water; thus,
Method 544 has been adapted for use in ambient waters. Several changes
were made to the drinking water method to accommodate the increased
complexity of ambient water. The major changes were to reduce the
sample volume from 500 to 100 mL for ambient water analyses and to
develop the field sampling protocol for extracellular toxin measurements
versus total measurements (extracellular + intracellular toxin). Also,
seven additional MCs (MC-LW, MC-HtyR, MC-WR, MC-HilR,
3-desmethylated MC-RR, and 3- & 7-desmethylated MC-LR) were
added to the target analyte list in an effort to capture data for more
microcystin congeners in ambient waters. The method has been tested
in local lakes and rivers with mean recoveries (n=4) of 87.3 - 102% with
< 5% RSD. Minimum reporting levels have been established at 0.0170.30 µg/L in ambient water samples. A monitoring study for cyanotoxins
in a local Ohio lake is being conducted in the summer of 2015 to test
the ruggedness of the ambient water method and demonstrate quality
control (QC) results in environmental samples. Analyses will consist
of measuring total MC congener (extracellular + intracellular toxin)
and extracellular MC congener concentrations. Results to be presented
include aqueous sample and extract holding times, single laboratory lowest concentration minimum reporting levels, a summary of cyanotoxin
concentrations in environmental samples, and a summary of QC results
to demonstrate method ruggedness.
TP175 Changes to the Method Detection Limit Calculation May
Pose Regulatory Problems
L. Aragon, N. Love, GEI Consultants, Inc.; M. Mimna, City of Boulder /
Water Quality and Environmental Services
On February 19, 2015, the United States Environmental Protection
Agency proposed an update to 40 CFR 136 Appendix B, the determination of the method detection limit (MDL). By definition, the
MDL is “the minimum measured concentration of a substance that can
be reported with 99% confidence that the measured concentration is
distinguishable from method blank results.” In the current method for
determining MDLs, seven spiked samples are analyzed and the MDL
is calculated by multiplying the appropriate student’s T value and the
standard deviation of these spiked samples. No guidelines are provided
on the frequency of MDL calculation or timeframe that data should be
collected for MDL calculation; therefore, variability in analytical measurements by different analysts and variability over time are not taken
into account. This procedure may result in MDLs that are more precise,
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higher or lower than they would be if variability were taken into account.
Some labs go beyond the basic MDL calculation procedures to account
for this variability, but many do not. The proposed update attempts to
control some of this variability by determining MDLs from a minimum
of seven spiked samples which were measured in at least three batches
on three separate calendar dates. The MDL of the spiked samples is
calculated using the same equation as the current method. To ensure
the MDL is distinguishable from the method blanks, the new method
requires a blank MDL be calculated by multiplying the appropriate
student’s T value and the standard deviation of the blank samples, then
adding the mean of the method blank results. The higher of the spiked
MDL and blank MDL becomes the new MDL for the method. The
MDL is verified annually, by analyzing at least two samples quarterly.
Overall, these changes are a significant improvement over the current
procedure; however, ambiguity in the number of samples that should be
included in MDL calculation can lead to labs choosing data that would
result in MDLs that benefit their interests rather than the most accurate
MDL. Alternately, labs that include all data collected in their MDL
calculation may end up with higher MDLs. Unfortunately, permit limits
are continually decreasing over time and the new MDL procedure may
make it more difficult to analyze down to those lower permit limits. We
will discuss the benefits and potential pitfalls of the proposed method.
TP176 Comparison of GC-HRMS and GC-MS/MS Methods for the
Determination of Persistent Organic Pollutants in Human Serum
S. Crispo Smith, California EPA / Dept of Toxic Substances Control; Y.
Wang, W. Guo, M. Petreas, California Dept of Toxic Substances Control /
Environmental Chemistry Lab; D. Nelson, P. Reynolds, R. Liu, S. Hurley,
Cancer Prevention Inst of California; J. Park, California EPA / Dept of
Toxic Substances Control, Environmental Chemistry Lab
Serum analysis of persistent organic pollutants including polychlorinated
biphenyls (PCBs), organochlorine pesticides (OCPs), and polybrominated diphenyl ethers (PBDEs), are routinely performed for California
Biomonitoring studies. Sample extracts required separate injections
for PCBs/OCPs and PBDEs on two different columns (a 60m SGE
HT8-PCB and a 15m Agilent DB-5ms, respectively) installed on
gas chromatograph/high resolution mass spectrometer (GC–HRMS,
ThermoFisher, Bremen, Germany). The combined run time for the
analysis was 1.5 hours per sample. A method for the simultaneous determination of 15 PCBs (-66,-74,-99,-101,-105,-118,-138,-153,-156,-170
-180,-183,-187,-194,-203), 7 OCPs (hexachlorobenzene, b-hexachlorocyclohexane, o,p’-DDT, p,p’-DDT, p,p’-DDE, oxychlordane, and
trans-nonachlor), and 5 PBDEs (-47,-99,-100,-153,-154) was developed
using gas chromatography/triple-quadrupole tandem mass spectrometry (GC-MS/MS, Agilent, Santa Clara, CA) equipped with a 30m
DB-5ms column (Agilent). The method was confirmed using samples
from the Arctic Monitoring and Assessment Program. The ease of use,
24 minute run time, and low cost of maintenance made this new method
attractive for the projects requiring high throughput, like California
Biomonitoring projects. Serum data (n=47 for PCB/OCP and n=297
for BDE) produced from GC-HRMS and GC-MS/MS analysis were
compared to determine feasibility of using the GC-MS/MS method
as an alternative for these large studies. Sample concentrations were
determined using average response factors for the GC-HRMS method
while calibration curve interpolation was used for the GC-MS/MS
method. Most compounds of interest showed linear relationships in the
results between the GC-HRMS and GC-MS/MS with slopes of 1.0 ±
0.2 and Pearson’s r values > 0.9, indicating both methods to be generally
comparable. However, BDE-47 by the GC-MS/MS method was underestimated by 25%, particularly at high concentrations. The cause of this
discrepancy is under investigation. Meanwhile, the issue with BDE-47
was resolved by calculating concentrations using average response factors
for the GC-MS/MS method. Our new method improves our throughput and will provide benefits to large cohort studies in the California
Biomonitoring Program. Disclaimer: The views expressed herein are
those of the authors and do not necessarily reflect those of the California
Dept of Toxic Substances Control.
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TP177 Degradation Products as Surrogates for Hazard Assessment of
Readily Degradable Substances
T. Lunsman, Gradient Corporation / Ecological Sciences; H.C. Ritter,
Gradient Corporation / Environmental Chemistry; D.M. Pizzurro,
Gradient Corporation / Toxicology
Chemical hazard assessment has become an increasingly important part
of chemical compliance and product stewardship programs. For example,
registration of new chemicals requires a comprehensive identification of
inherent health, safety, and environmental (HSE) hazards. The United
Nations’ Globally Harmonized System of Classification and Labeling
of Chemicals (GHS) provides consensus guidance and criteria for
chemical hazard classification in an effort to increase transparency and
harmonize chemical compliance on a global level. To reduce reliance on
animal testing and minimize analytical costs, read-across is encouraged.
Read-across relies on identifying suitable “surrogate” compounds that
are chemically and toxicologically similar to the compound of interest
(COI) and for which relevant toxicological data already exist, so that
appropriate hazard assignments can be made. However, read-across
provides unique challenges for COIs that have the propensity to readily
degrade or dissociate into other constituents. For such compounds, it is
necessary to evaluate the appropriateness of dissociation or degradation
products as potential surrogates. This evaluation involves considering
many important factors, including the mechanism, extent, and timescale
of dissociation/degradation, as well as the potential for the constituents
to recombine. Further, there are no unified set of standards that currently
exists as a guideline. This analysis presents examples of read-across for
several categories of readily degradable compounds, including compounds undergoing ionic dissociation, abiotic degradation, and biotic
degradation (e.g., metabolism). We propose a multidisciplinary approach
to identifying well-supported and toxicologically appropriate surrogates
for hazard classification of readily degradable COIs.
TP178 Developments in high throughput analysis of neonicotinoids
pesticides using molecularly imprinted polymers with desorption
electrospray ionization-MS
J. Gauthier, S.N. Egli, C. Bottaro, Memorial Univ of Newfoundland /
Chemistry
Structurally related to nicotine, the neonicotinoid pesticides are widely
used as insecticides for food crops as they are considered to be less toxic
than other classes of pesticides. However, these pesticides have drawn
public attention because they have been implicated in the decline of
honeybee populations, as well as for their persistence in the environment. They are routinely analyzed by solid phase extraction with high
performance liquid chromatography with MS (SPE-HPLC-MS), which
can be time-consuming and use significant amounts of solvent. Though
analytical advances (e.g., ultra-HPLC) have increased throughput for
analysis, SPE is usually needed to concentrate the target compounds and
minimize matrix interferences. To increase the throughput of pesticide
analysis in water and liquid matrices, we fabricate thin-film molecularly
imprinted polymers (MIPs) for selective analyte uptake, which are also
amenable to direct interrogation by desorption electrospray ionization
(DESI)-MS. The inherent advantage of MIPs is their simple mode of
molecular recognition, which is imparted by cross-linking functional
monomers in the presence of the template (usually the target analyte) and
porogen. Once the template is removed, sites with the appropriate geometry and functionality for analyte reuptake remain. There are a number
of significant factors that must be considered in optimizing the system,
including the polymer composition (e.g., to use the analyte as the template or to use a pseudo-template, nature of functional monomer, ratio
of polymer components to template, nature and amount of the porogen).
The influence of key factors on performance of MIPs with DESI-MS
in analysis of neonicotinoids from water will be shown. Results of the
optimization efforts for the neonicotinoid MIPs, and data from method
development studies with DESI-MS will be presented.
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TP179 Drying and storage methods affect cyfluthrin concentrations
in exposed plant and soil samples
M. Moore, USDA / Agricultural Research Service, National Sedimentation
Laboratory, Water Quality and Ecology; R. Kroger, Covington Civil and
Environmental; M.A. Locke, USDA / Agricultural Research Service,
National Sedimentation Laboratory, Water Quality and Ecology Research
Unit
Standard procedures exist for collection and chemical analyses of pyrethroid insecticides in environmental matrices. However, less detail is
given for drying and potential storage methods of plant and soil samples
prior to analyses. Due to equipment and financial limitations, immediate
sample analysis is not always possible. The goal of the current research
was to determine which drying and storage method yielded the highest
recovery rates compared to traditional mechanical freeze-drying methods. Effects of thirteen different combinations of drying and storage
methods on recovered cyfluthrin concentrations in both plant and soils as
compared to a control method were evaluated. Fifteen, circular polyethylene mesocosms (0.41 m depth x 0.54 m radius) were established with
Lexington silt loam soil (0.25 m) and planted with rice (Oryza sativa).
Once seedlings were approximately 0.25 m in height, a water depth of
0.15 m was maintained in the individual mesocosms for six weeks. A
one-time exposure of cyfluthrin (5 mg/L) was amended into the water
column of individual mesocosms. Forty-eight hours after the amendment, plant material exposed in the water column as well as soil samples
were collected from each of the 15 mesocosms. All plant materials were
combined for a consolidated plant sample. The same was done for a
consolidated soil sample. Control (mechanical freeze drying) recovery of
cyfluthrin was significantly greater (p < 0.001) than all thirteen possible
combinations of drying and storage. Significant differences also existed
between the thirteen combinations for cyfluthrin-plant concentrations.
Aside from the control, greatest cyfluthrin recoveries in plants were collected in the freezer-greenhouse-freezer drying and storage method. In
soil samples, since no freeze drying techniques (mechanical or chemical)
were used, the remaining eleven drying and storage combinations were
examined against each other. The freezer-oven-freezer combination
method allowed the greatest cyfluthrin recovery in soil samples and was
significantly greater (p< 0.001) than all 10 remaining drying and storage
methods. Results provide evidence for the most efficient drying and
storage methods for plant and soil samples contaminated with cyfluthrin.
Future studies should perform comparable analyses on various pesticide
classes to determine possible similar relationships.
TP180 Honey comb-like nanocomposite based on magnetic macrofungus biomass for selective removal of boron
A. Oladipo, M. Gazi, Eastern Mediterranean Univ / Chemistry
Boron is an essential micro element for living creatures, however, exposure to excessive quantities have been reported to be disastrous. Efficient
removal of boron from aqueous media still remains a widespread
environmental challenge; and, most traditional techniques are costly and
ineffective. Preliminary studies show that most promising boron adsorbents are hydroxyl-enriched materials. Here, ferrite nanopowders were
successfully encapsulated into macrofungus biomass via an ecofriendly
microwave method and functionalized with poly (vinyl alcohol) (PVA) to
produce boron-selective adsorbents. We investigated the boron sorption selectivity of the nanocomposite in fixed-bed systems. The resulting
nanocomposites were established to be a better alternative to the existing
boron adsorbents. The prepared nanocomposites had a saturation magnetizations, pore sizes and surface areas of 34.3 − 42.6 emu g−1, 3.3 – 4.5
nm and 345 – 403 m2 g−1, respectively. In a continuous packed-bed
column, the nanocomposite showed excellent selectivity towards boron
at low concentration (10 mg L−1). The functionalized nanocomposite
showed approximately 65.5 – 85.8 mg g−1 boron removal capacity at pH
7.0, which is much higher than the previously reported boron adsorbents.
The nanocomposites have not been applied to treat boron-contaminated
wastewater; we demonstrated that the spent nanocomposites could be
separated easily from the aqueous media by an external magnetic and
repeatedly used.

TP181 Method Development and Monitoring of Cylindrospermopsin
and Anatoxin-a in Ambient Waters
J.A. Shoemaker, W.L. Dietrich, J. Allen, USEPA / Office of Research and
Development
Increasing occurrence of cyanobacterial harmful algal blooms in ambient waters has become a worldwide concern. Along with microcystins
(MCs), which are the most frequently detected and studied cyanobacterial toxins to date, cylindrospermopsin (CYL) and anatoxin-a (ANA)
have also become a concern in ambient waters. Validated standardized
methods that are rugged, selective and sensitive are needed for these
cyanotoxins in ambient waters. USEPA Drinking Water Method 545
has been developed for cylindrospermopsin and anatoxin-a using direct
aqueous injection liquid chromatography/tandem mass spectrometry
(LC/MS/MS). The goal of this research effort is to adapt EPA Method
545 to analysis of ambient waters. The major changes to Method 545
for ambient water analyses are the addition of secondary ion transitions
for each of the target analytes for confirmation purposes and development of the field sampling protocol for extracellular toxin measurements
versus total measurements (extracellular + intracellular toxin). The
method has been tested in a number of local lakes and rivers to evaluate matrix effects. Mean recoveries (n=4) of 101-103% with < 8% RSD
have been obtained for CYL and ANA in lake water fortified at 0.12-0.3
µg/L. Data quality objectives of 60-140% have been met in ambient
water sources fortified at 0.12-5.0 µg/L indicating matrix effects are
not significant for this direct aqueous injection LC/MS/MS method.
Single laboratory minimum reporting limits of 0.30 µg/L for CYL and
0.12 µg/L for ANA have been established. Method ruggedness will be
demonstrated by application of this ambient water method to measure
cyanotoxins in a local lake during the 2015 summer algal bloom season.
TP182 Preliminar study about the removal of Methylparaben using
ecological filtration, Brazil
C.M. Moço Erba Pompei, Univ of São Paulo; B.F. Silva, São Paulo State
Univ UNESP / Chemistry; M. Spadoto; E.M. Vieira, Univ of São Paulo /
Departamento de Quimica e Fisica Molecular
Actually, many works portray the great problem of water contamination
with emerging pollutants and their persistence in the environment, at
conventional water and wastewater treatments as well. Among the various emerging pollutants the parabens are a class of compounds that have
been used because of their anti-microbial and anti-fungal properties;
used as preservatives in pharmaceutical products, food and cosmetics. The most frequently parabens used in the formulations are methyl
and propylparaben. Methylparaben is one of the substances controlled
by European Union by Regulation. In contrast, there are currently no
regulations regarding the presence of parabens in the environment or,
in particular, in water, wastewater or sludge. Several technologies are
being tested in order to treat water for human consumption in a safety
way, however, most of these technologies are expensive to operate and
maintenance, which makes them not-for developing countries. Faced
that we propose the use of low cost technologies for treating water. This
work it is a preliminary study using ecological filters (new nomenclature for slow sand filters, suggested by Nakamoto, 2009) in remove the
Methylparaben from water. The ecological filters were stocked with
water from Represa do Lobo, located in Itirapina city, São Paulo State,
Brazil. A filter was constructed according to the instructions for slow
sand filters and ecological filters. The operation system was intermittent. The water quality parameters such as turbidity, temperature, pH,
removal of total and fecal coliforms, show satisfactory results producing
potable water. To quantify de removal of methylparaben from water, an
analytical methodology was determined and validated. The samples were
subjected to SPE (Solid Phase Extraction) followed by LC-MS/MS.
At this preliminary test, one collecting was made and the samples were
taken from the affluent and effluent of the filter at 3 hours, 6hours and 24
hours after the filtration procedure had started. A concentration average
of Methylparaben detected in the affluent water were 0,4µg.L-1. The
removal range was 53%, considering all different time of collecting. The
results showed that the collection time of 24 hours had better removal
then the other times of collecting (61,7%). The ecological filter showed
high efficiency in removal of the emerging pollutant Methylparaben.
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TP183 Rapid analysis of glycols and glycol ethers in aqueous samples
by HPLC/MS/MS
J.L. Gundersen, USEPA / Region Office of Analytical Services Quality
Assurance
Glycols and glycol ethers (diethylene glycol, triethylene glycol, tetraethylene glycol, 2-butoxyethanol and 2-methoxyethanol) are used in many
industrial processes and are often components of hydraulic fracturing
(HF) fluids. They do not occur naturally in groundwater or surface water
and thus, may serve as reliable indicators of releases from industrial and/
or HF (“fracking”) activities. Published analytical methods cite detection
limits in the ppm range and often involve derivatization or confirmation
of by secondary methods. A recent EPA study examining the potential
impacts of HF on groundwater required analysis of this suite of compounds with detection limits in the ppb range. To meet that need, a
rapid, robust, analytical method was developed. The method employs
direct injection, high performance liquid chromatography coupled
with positive electrospray ionization (ESI+) tandem mass spectrometry
(HPLC/MS/MS). A 14 minute acetonitrile/water gradient with 0.1%
formic acid was used with an Atlantis dC18 3µm, 2.1 x 150mm column.
Reporting limits for the target compounds are between 10 and 25ppb.
A preliminary holding time study was conducted according to ASTM
D4841 in 4 matrices (deionized water, municipal tap water, groundwater
and estuarine water with a salinity of 8psu). Results indicate that holding
times of up to 28days may be acceptable but high salinity can suppress
analyte response and lead to a low bias in reported concentrations. An
interlaboratory verification of the method was recently published by
USEPA (http://www2.epa.gov/hfstudy/verification-method-detectingand-quantifying-diethylene-glycol-triethylene-glycol).
TP184 Rapid GC-ECD method for quantitative analysis of 63
pesticides optimized for use with silicone wristbands and low density
polyethylene
R. Scott, C. Donald, A.J. Bergmann, K.A. Anderson, Oregon State Univ /
Environmental and Molecular Toxicology
Pesticide analysis is a key component when characterizing environmental exposure both for eco-toxicological and human health assessment.
With the wide range of exposure pathways and chemical structures that
make up the diverse chemical class of pesticides, the need for robust
quantitative pesticide methods remains prevalent. This study describes a
GC-ECD pesticide method that quantitatively determined 9 pesticide
byproducts, 8 fungicides, 9 herbicides, and 37 insecticides, with a total
run time of less than 23 minutes. Addition of hydrogen gas instead of
helium resulted in three distinctive benefits. Hydrogen is less expensive
reducing the analysis cost; better separation was possible decreasing analysis time by a third nominally 60 minutes to less than 23 minutes and
the hydrogen improved sensitivity. We further optimized the method by
substantially decreasing the nitrogen make up gas 33% which resulted in
an additional five-fold increase in sensitivity. This pesticide method was
optimized for use with low density polyethylene passive sampling devices
for environmental monitoring and silicone wristbands for human health
exposure assessment. The average LOD is 0.8 ng/mL. This method
provided average percent recoveries of 96.4%, 98.4%, 87.7%, 95.3% and
relative percent differences of 2.0%, 3.0%, 6.0%, 3.5% for the pesticide
byproducts, fungicides, herbicides and insecticides respectively. This
robust methodology provides high sensitivity, accuracy, and precision
with low analysis time offering a viable solution for a variety of sample
matrices commonly used in environmental health risk assessment.
TP185 Simultaneous Analysis of hormones of bowhead whale
(Balaena mysticetus) utilizing Ultra-Performance Liquid
Chromatography tandem mass spectroscopy
Z. Winfield; N. Lysiak, R. Sanders, S. Trumble, S. Usenko, Baylor Univ
An analytical method was devolved to isolate both chemical pollutants and steroid hormones from the earplug of a female bowhead whale
(Balaena mysticetus) using selective pressurized liquid extraction
(SPLE). Baleen whale cerumen earplugs provide a retrospective record
of lifetime chemical trends and profiles. The waxy tissue of earplugs is
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laid down in annual or semi-annual bands called lamina. These lamina
provide a record of environmental exposure to anthropogenic chemicals and secreted steroid hormones, including cortisol, progesterone,
estradiol, and testosterone. Previously a SPLE technique with Florisil?,
silica gel, and alumina sorbents was developed to isolate a wide range
of persistent organic pollutants (POPs) from lipophilic contaminants
from whale cerumen with no additional cleanup steps. Building on this
SPLE technique we incorporated a second extraction targeting hormones retained on the sorbents. Contaminants were measured in the
first extract using gas chromatography-mass spectrometry with electron
capture negative ionization and electron impact ionization. The second
extract was evaporated under nitrogen to dryness, re-suspended in the
95% water and 5% acetonitrile (mobile phase), and analyzed for steroid
hormone (cortisol, progesterone, estradiol, and testosterone) utilizing
ultra-performance liquid chromatography tandem mass spectroscopy
(UPLC-MS/MS). UPLC-MS/MS allows for a simultaneous analysis
of POPs as well as multiple stress and developmental hormones from
a single sample thereby providing an increase in resolution, speed, and
sensitivity. Hormone concentrations were compared to enzyme-linked
immunoassay (ELISA) kits results from the same animal.
TP186 Simultaneous analysis of thirteen endogenous steroid hormones by liquid chromatography mass spectrometry with atmospheric
pressure photoionization
B.R. Blackwell, ORISE; D. Martinovic-Weigelt, Univ of St. Thomas; G.T.
Ankley, USEPA / National Health and Environmental Effects Research
Laboratory; D.L. Villeneuve, USEPA / Mid-Continent Ecology Division
Exposure to endocrine active chemicals can lead to perturbations of
the hypothalamic-pituitary-gonadal (HPG) axis, ultimately leading
to adverse reproductive or developmental effects. To evaluate potential
effects, studies with possible HPG-active chemicals often rely on radioimmunoassay (RIA) for determination of specific steroids in biological
matrices. While RIAs do provide high sensitivity, there is potential for
cross reactivity of antibodies, and assays are limited to a single steroid.
To address these limitations, in the present study analytical methods
were developed for the simultaneous analysis of thirteen steroid hormones including androgens, estrogens, progestogens, and glucocorticoids
by liquid chromatography tandem mass spectrometry (LC-MS/MS).
Atmospheric pressure photoionization (APPI) with a toluene dopant
was utilized to allow ionization of all compounds in positive ionization
mode without the need for derivatization. This method was applied to
the analysis of biological matrices including fathead minnow (Pimephales
promelas) plasma and gonad ex vivo steroidogenesis media. Additionally,
tank water from fathead minnow exposures was collected and concentrated by solid phase extraction for analysis of excreted steroids.
The method demonstrated high sensitivity in all three matrices with
detection limits at low ng/mL for plasma and ex vivo samples and sub
ng/L in tank water. Method performance for each sample matrix will be
presented and discussed. Application of this method in aquatic vertebrate
toxicity testing will lead to better understanding of specific mechanisms
of HPG axis disruption and inform development of adverse outcome
pathways (AOPs). The contents of this abstract neither constitute, nor
necessarily reflect, official USEPA policy.
TP187 The adsorptive properties of peanut and coconut husk powders
and their utility in batch and stirred tank flow reactors for the treatment of wastewater
T.J. Ozulumba, I.N. Onwurah, Univ of Nigeria / Biochemistry
The adsorption of Crystal violet (CV) and Malachite green (MG) onto
peanut and coconut husk powders was investigated in batch experiments carried out by shaking the adsorption mixtures at 120 rpm at
various intervals, varying pH, adsorbent dose, initial dye concentration
and exposure time. The residual dye concentrations were determined by
extrapolation from a standard curve following a UV/Vis spec readings.
The optimum pH of adsorption were 2 and 6 for CV and MG respectively. Atthe optimum pH, the percentage removal efficiency was found
to increase with increasing adsorbent dose and exposure time. The
linear regression coefficient (R2) was used to elucidate the best fitting
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adsorption isotherm model. Of the three isotherm models, Langmuir,
Freundlich and Elovich applied to the equilibrium adsorption data, the
results indicated that the Freundlich isotherm provided the best correlation of the experimental data (R2 = 0.866 to 0.978 and n = 0.50 to 0.88).
This showed that the adsorption of CV and MG occurred by multilayer
sorption. The monolayer (maximum) adsorption capacities (qm) of the
dyes by the husk powders were found to be between 11.76 to 12.33 mg/g.
Adsorption kinetic data was modeled using the Lagergen pseudo-first
order and pseudo-second order kinetic equations and the pseudo second
order model was found to better describe the kinetics of the adsorption
process. The calculated values of qe (adsorptive capacity) obtained from
the pseudo-second order model were found to be in good agreement with
the values of qe (adsorptive capacity) obtained from the experiments.
Also, the correlation coefficients (R2) for the second order kinetic model
had very high values for both adsorbents (mean R2 ≈ 0.999), showing
that adsorption possibly occurs via chemisorption, which influences the
rate-determining step of the dye removal process. This knowledge is
important in batch and stirred tank flow reactors for the treatment of
wastewater. Considering that the adsorbents used were in a semi-natural
state, it is envisaged that carbonization and heat activation will increase
their removal efficiencies and shorten the time required for maximum
dye removal.
TP188 Validation of Sulfuric acid digestion of Titanium dioxide
nanoparticles in multiple Environmental Matrices
P.S. Watkins, Baylor Univ / Dept of Environmental Science; B. Castellon, J.
Liu, Baylor Univ / Environmental Science Dept; C.W. Matson, Baylor Univ
/ Environmental Science; G.P. Cobb, Baylor Univ / Dept of Environmental
Science
Titanium dioxide (TiO2) is of current interest as a model for nanoparticles in the environment with its wide use and size dependent properties.
These factors can increase the toxicity of nanoparticleson organism
development and ecosystem health. Metal and metal oxide concentrations in the environment are influenced through anthropogenic
activities, including runoff and effluent releases. The use of microcosm,
mesocosm and in situ studies is critical to the understanding of these
impacts. Analytical methods are needed to quantify analyte concentrations in multiple matrices and across wide concentration. Our current
research has validated digestion methods using sulfuric acid (H2SO4)
without hydrofluoric acid (HF) to reduce the potential sample preparation hazards. Research in our group has successfully used H2SO4 for
digesting TiO2 in water and tissue samples. The method uses a low
temperature, 110 °C, and long duration of 8 hours to achieve recoveries that have been attained with HF methods. Recovery is averaged to
be 97 ± 4.3% (n=21) for water samples containing 10-38 mg/L TiO2.
These data also produced a method detection limit (MDL) of 4.1mg/L.
Current analyses of mesocosm samples have shown precipitation of TiO2
in the first 72 hours after dosing. Dosing through the first 28 days of
the 35-day study showed similar concentrations after the initial fallout.
Samples from this study include dosing across a wide concentration
range and different species to better understand uptake in environmental
relevant concentrations. Comparison between samples of various fish and
benthic organisms is used to assess the difference of feeding strategies for
organisms. Validation of methods capable of giving accurate concentration data is critical to safe analyses of studies.

Aquatic Toxicology and Ecology General –
Part 2
TP189 Acute toxicity of heavy metal and locomotor behavior in
Heterocypris incongruens (Crustacea: Ostracoda)
Y. Jeong; H. Mo, Korea Univ / Inst of Life Science and Natural Resources; Y.
Kim, Korea Univ; Y. Lee, Korea Univ.; K. Cho, Korea Univ / Division of
Environmental
The acute toxicity and reactive oxygen species (ROS) of two heavy metalcopper and arsenic-were studied in aquatic bioassay using Hetrocypris

incongrues (Crustacea: Ostracoda). Median lethal concentration (LC50),
no-observed-effect concentration (NOEC) and the lowest-observedeffect concentration (LOEC) were estimated using probit analysis.
Also effects of these heavy metals on behavior response were studied in
sublethal concentration of test chemicals. And for the behavioral test,
parameters (total distance, velocity, turn angle, and angle velocity) were
measured for 30 minute using video analysis system in laboratory condition. Consequently, behavioral reaction of H. incongruens was a more
sensitive endpoint than acute toxicity test. Each behavior parameters
reflected the effects of copper and arsenic toxicity appropriately. These
behavioral endpoints have possibility that can be used to identify characteristic behavioral responses to metal toxicity.
TP190 Acute toxicity of NaCl and Na2SO4 mixtures to juveniles of a
freshwater unionid mussel (fatmucket, Lampsilis siliquoidea)
C.D. Ivey, C.G. Ingersoll, N. Wang, USGS / Columbia Environmental
Research Center; D.R. Mount, R.J. Erickson, USEPA / ORD NHEERL
Mid-Continent Ecology Division; R. Hockett, USEPA / ORD NHEERL
Mid-Continent Ecology Division Duluth; D.J. Soucek, Illinois Natural
History Survey
Native freshwater mussels are in serious decline and resource managers need more information for their protection and conservation. Nearly
70% of the 300 species in North America are endangered, threatened, of
special concern, or already extinct. Previous studies indicate that freshwater mussels are sensitive to ammonia, metals, and major ions including
sodium chloride (NaCl) and sodium sulfate (Na2SO4). As part of a Safe
and Sustainable Water Resources Research Project, USEPA-Duluth,
the Illinois Natural History Survey (INHS), and the USGS-Columbia
Environmental Research Center (CERC) are conducting toxicity tests
to help develop a model that predicts the acute and chronic toxicity
of mixtures of major ions to commonly tested freshwater organisms.
Objectives of the current study were to (1) evaluate acute toxicity of NaCl
and Na2SO4 mixtures to juvenile fatmucket tested at CERC and (2) to
compare the response of mussels to three other species tested: a crustacean Ceriodaphnia dubia and fathead minnow (Pimephales promelas) tested
at USEPA-Duluth, and a mayfly (Neocleon triangulifer) tested at INHS.
In the current study, 7 treatments were tested at median effect concentration (EC50) ratios of NaCl to Na2SO4 of 1:0, 0:1, 1:1, 1:5, 1:2, 2:1, 5:1.
Within each of the 7 treatments, ten exposure concentrations were tested
as 20% serial dilutions with a control (100%, 80%, 64%, 50%, 40%,
32%, 25%, 20%, 16%, and 0%). Preliminary results indicate the EC50s
for juvenile mussels were at about the 50% dilution in all 7 treatments
with a strong 1:1 ratio of NaCl to Na2SO4 toxicity indicating additive
acute toxicity for the mixtures of NaCl and Na2SO4 tested. Mussels
were more sensitive to the ion mixtures compared to fathead minnows,
as sensitive as C. dubia, and less sensitive than mayflies. The relationship
between EC50s for NaCl and EC50s for Na2SO4 for each species tested
was linear indicating the additive toxicity of the mixtures for all four
species, though the slopes of the lines varied among the species indicating different relative potency of NaCl and Na2SO4 to the different
species. Results from this study will be used to determine the contribution of individual major ions to the overall toxicity of mixtures of major
ions, perhaps leading to revisions to regional water quality standards or
national ambient water quality criteria for major ions.
TP191 Application of benchmark dose response models to derive
ecotoxicity points of departure for multi-walled carbon nanotubes
R. Bjorkland, AAAS USEPA / Risk Asssesment Division; A.J. Edgington,
Exponent, Inc.; M.M. Alloy, Univ of North Texas / Biology; A.P. Roberts,
Univ of North Texas / Dept of Biological Sciences Inst of Applied Science; P.
Sayre, nanoRisk Analytics
The behavior and the toxicity of carbon nanotubes (CNTs) is affected by
a number of factors, including particle size, surface area, charge, presence of functional groups, metallic ions and impurities and preparation
methods, among others. These factors generate considerable variability
in toxicity studies, creating challenges in establishing concentrations
of concern for a class of compounds whose production volumes are
expected to expand significantly in the near future. To advance efforts
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to set concentrations of concern for carbon nanotubes, the benchmark
dose (BMD) statistical technique was applied to chronic (7-day) toxicity
data on a daphnid, Ceriodaphnia dubia, we reviewed publish literature to
calculate benchmark concentrations for model organisms. We applied
benchmark dose modeling to two studies (Alloy and Roberts, 2011;
Edgington et al., 2010) that investigated the impact of multiwalled
CNTs (MWCNTs) on reproduction in the cladoceran, Ceriodaphnia
dubia. The studies were selected from a large number of studies (2006
up to 2012), which utilized similar source materials, bioassay protocols,
and detection and imaging techniques. Dose-response modeling was
carried out using EPA’s BMDS software (v 2.50). Because reproduction
is a continuous endpoint, a benchmark response (BMR) of one standard
deviation from the control values was used for estimating the benchmark
dose and lower 95% confidence limit (BMDL). This BMR is comparable
to the 10% extra risk in models of dichotomous data. Exponential, Hill,
polynomial, and linear models were fitted to the data using maximum
likelihood (ML) estimation procedures. The BMDL limit for the single
best model from Alloy and Roberts (2011) was twice as high as the
estimate for the selected model from Edgington et al. (2010). We discuss
possible sources of variation between these two studies (e.g., particle size)
that appear to have impacted the resulting BMDL values and compare
our findings to the current data on MWCNT toxicity to daphnids. The
views expressed in this abstract are those of the authors and do not represent Agency policy or endorsement.
TP192 Assessing variability in chemical acute toxicity of unionid
mussels: Influence of intra- and inter-laboratory testing, life stage,
and species
S. Raimondo, USEPA / Gulf Ecology Division; C.R. Lilavois, USEPA
/ GED; L. Lee, USEPA; T. Augspurger, US Fish and Wildlife Service /
Ecological Services; N. Wang, USGS / Columbia Environmental Research
Center; C.G. Ingersoll, USGS / Columbia Environmental Research Center;
C. Bauer, USEPA; E. Hammer, USEPA / Region V; M.G. Barron, USEPA
/ Gulf Ecology Division
We developed a toxicity database for unionid mussels to examine the
extent of intra- and inter-laboratory variability in acute toxicity tests
with mussel larvae (glochidia) and juveniles; the extent of differential
sensitivity of the two life stages; and the variation in sensitivity among
commonly tested mussels (Lampsilis siliquoidea, Utterbackia imbecillis, Villosa iris) and commonly tested cladocerans (Daphnia magna,
Ceriodaphnia dubia) and fish (Oncorhynchus mykiss, Pimephales promelas,
Lepomis macrochirus). The results of these analyses indicate intra-laboratory variability for median effect concentrations (EC50) averaged about
2 fold for both life stages, while inter-laboratory variability averaged
3.6 fold for juvenile mussels and 6.3 fold for glochidia. The EC50s for
juveniles and glochidia were within a factor of 2 of each other for 50%
of paired records across chemicals, with juveniles more sensitive than
glochidia by more than 2 fold for 33% of records. There was a high
concurrence of the sensitivity of commonly tested L. siliquoidea, U.
imbecillis, and V. iris to other mussels, with this concurrence decreasing
as the taxonomic distance of the commonly tested cladocerans and fish
to mussels increases. The compiled mussel database and determination
of data variability will advance risk assessments, including more robust
species sensitivity distributions, interspecies correlation estimates, and
availability of taxon-specific empirically derived application factors for
risk assessment.
TP193 Assessment of Ecological Risk and Identification of RiskReduction Measures in an Urban Stream with Heterogeneous Zinc
Contamination in Sediment
K. Durocher, AECOM / Water and Natural Resources Depart; T.A.
Verslycke, Gradient; P. Haskell, AECOM
Multiple lines of evidence were used to evaluate remedial options for
sediments in a zinc-contaminated urban stream adjacent to a landfill.
Our evaluation included comparison of sediment metal concentrations
to ecological screening benchmarks, assessment of stream function,
evaluation of potential sources of contamination at the site and upstream,
assessment of metal bioavailability, and sediment toxicity testing. Based
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on the results of this evaluation, and given the high degree of heterogeneity of zinc in the stream sediments, developing a numerical cleanup
goal was not deemed practicable. Instead, the data were evaluated in a
weight-of-evidence analysis for different reaches of the stream and used
to define proposed remedial areas. Using a surface-weighted average concentration approach, the reduction in zinc concentrations in the stream
from remediation of two reaches was calculated to demonstrate the riskreduction associated with the proposed remediation. The remedial plan
negotiated with the agencies will address these reaches and an isolated
hot spot through removal of surficial sediments, capping of the underlying sediments, and bank restoration without the need for verification
sampling. This approach provides an example of a simplified, predictable,
and cost-effective remedial solution that leverages all existing data, while
recognizing site-specific challenges and the need for flexibility in sediment remediation.
TP194 Ecosystem and limnological influences on mercury in lake
food webs across Nova Scotia
L.M. Campbell, Saint Marys Univ / Dept of Environmental Science; J.
Kickbush, Acadia Univ / Dept of Biology; C. Stevens, Dalhousie Univ /
School for Resource and Environmental Studies; J. LeBlanc, Nova Scotia
Fisheries and Aquaculture
Nova Scotia has a diverse array of freshwater systems spanning approximately 7 degrees longitude over various types of geological substrates,
and for pH, nearly 4 orders of magnitude from less than pH 4 to more
than pH 7.5. Furthermore, the species assemblages of Nova Scotia lakes
are consistent across the province, with some lakes also having one or
two introduced fish species, chain pickerel and smallmouth bass. This
provides an opportunity to use those lakes as in-situ systems to test key
food web hypotheses in the field related to lake chemistry, introduced
species and biogeochemical variation while controlling for biological species assemblages. We sampled fish food webs and measured a wide range
of water quality characteristics for 15 lakes across Nova Scotia in the
summers of 2013 and 2014. Mercury concentrations were measured for
all biota. To assess food web structure and biomagnification rates, stable
nitrogen and carbon isotopes were analysed and mercury concentrations
regressed against δ15N values. For two lakes, we also assessed selenium
and arsenic in key fish species. We found distinctive trends related to fish
species (migratory v.s. year-around residents), geographical location and
water chemistry parameters (pH, DOC and light transparency) which
we will further discuss.
TP195 Ecosystem-Scale Selenium Modeling of Phosphate and
Mountaintop Coal Mining Regions of Idaho, West Virginia, and
British Columbia
T.S. Presser, USGS / National Research Program
Waste-rock disposal from phosphate and mountaintop coal mining are
environmental selenium (Se) sources that have the potential to affect
reproduction in fish. An ecosystem-scale methodology for conceptualizing and modeling Se in environmental media was validated and applied
to conditions at three active mining operations in the United States and
Canada. Fish species, sites, and mines assessed were: 1) creek chub,
green sunfish, and largemouth bass; Mud River watershed, southern
West Virginia (Hobet); 2) brown trout and Paiute sculpin; Sage and
Crow Creek watersheds, southeast Idaho (Smoky Canyon); and 3)
westslope cutthroat trout and longnose sucker; Fording River watershed,
southeast British Columbia (Fording River, Greenhills, and Line Creek).
Deformities in fish indicative of Se toxicity and exceedance of recently
proposed or adopted Se guidelines for the protection of aquatic life in the
United States and British Columbia occur at areas within these mining
sites. The goals of the data synthesis and modeling were to 1) elucidate Se
sources; 2) assess the Se bioaccumulation potential of site-specific foodweb species and hydrologic settings; and 3) predict critical water-column
concentrations that relate bioaccumulated Se concentrations to toxicity in
predators. Important components of the methodology are Se concentrations in particulate material at the base of the food web that determine
bioavailability to invertebrates; and dietary biodynamic trophic transfer
factors that quantify the physiological potential for bioaccumulation
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from particulate matter to consumer organisms and their predators.
Data were compiled from recent field studies that included calculation of source loads and collection of temporally and spatially matched
water, particulate material, prey, and predator samples for Se analysis.
The results of the synthesis show the commonality of Se mechanisms of
source contamination associated with disposal of waste-rock in valley
drainages. Validated site-specific models 1) explain the range of Se bioaccumulation potentials under existing partitioning factors and food-web
types; and 2) quantify which animals are at risk and under what conditions. Predicted dissolved Se concentrations show the changes necessary
to adhere to chosen guidelines and can serve as the basis for management
and regulatory decisions.
TP196 Effect of age on the variability of cadmium toxicity to Daphnia
magna neonates
E. Traudt, S.A. Smith, J.F. Ranville, Colorado School of Mines / Chemistry
and Geochemistry; J.S. Meyer, ARCADIS
To assist in parameterizing bioavailability-based models for metal
mixtures, during the past several years we have exposed Daphnia magna
neonates to the individual metals and binary and ternary mixtures of
Cd, Cu, Ni, and Zn in 48-h lethality tests. In those Cd-only tests, the
among-test variability in mortality at a given concentration has been
considerably greater than the among-test variability with the other
individual metals; and variability has been higher in mixtures containing Cd than in its absence. The US Environmental Protection Agency’s
protocol for toxicity tests with D. magna includes starting the tests
with neonates that are 0 to 24 h old. To test the hypothesis that, even
between only 0 and 24 hr old, organism age affects metal tolerance, we
performed Cd-, Cu-, Ni-, and Zn-only 48-h lethality tests with batches
of D. magna that were in one of three narrow starting age ranges: 0-4 h,
10-14 h, and 20-24 h. Mortality differed considerably among these three
age groups when exposed to Cd, but less when exposed to Zn and little
when exposed to Cu and Ni. The median effects concentration (EC50)
for the youngest neonates exposed to Cd was approximately one order
of magnitude greater than the EC50 of the oldest neonates (i.e., Cd
was least toxic to the youngest neonates), with the EC50 of the 10- to
14-h-old neonates intermediate between the EC50s for the youngest and
oldest age groups. These results suggest that the variability in toxicity
previously seen for Cd may be the result of the age range oforganismused
on any given day. If the variability in Cd toxicity can be reduced by using
a narrower age range of D. magna to start tests, then toxicity in individual-metal tests and in mixtures containing Cd may be more accurately
determined, leading to improvements in modeling the toxicity of metal
mixtures.
TP197 Effect of Body Length on Metal Concentrations in Mako and
Thresher Sharks
J. Dutton, Texas State Univ / Dept of Biology; V. Venuti, Environmental
Studies Program
Metal accumulation in sharks is receiving increasing attention due to
their trophic position at the top of the food web and the risk to human
health from consuming contaminated seafood. The concentration of
certain metals in different tissues can bioaccumulate over time, so longer,
older sharks have a higher tissue burden of a particular metal, compared
to smaller, younger sharks. This study investigated the relationship
between body length and the concentration of As, Cd, Cu, Hg, Pb and
Zn in the muscle and liver tissue of two shark species (shortfin mako,
Isurus oxyrinchus; and common thresher, Alopias vulpinus) caught off
the south shore of Long Island, New York, using Inductively Coupled
Plasma Mass Spectrometry (ICP-MS). The mako shark curved fork
length ranged from 154 to 238 cm and the thresher shark curved fork
length from 148 to 218 cm. In both shark species, the concentration of
As, Cd, and Cu was higher in the liver, whereas the concentration of Hg
was higher in the muscle. Thresher sharks had a comparable concentration of Pb and Zn in the muscle and liver, whereas Pb was found at a
higher concentration in the muscle and Zn in the liver in mako sharks.
There was a positive relationship between body length and the concentration of each investigated element in the liver of both shark species. For

As, Cd, Cu, Pb and Zn, the relationship between body length and metal
concentration in the muscle tissue varied among the elements, and interspecies variability was shown between the two shark species. Hg was
shown to bioaccumulate in the muscle tissue of both species, but mako
sharks had a much higher Hg concentration than thresher sharks. The
Hg concentration in thresher shark muscle tissue ranged from 0.66 to
4.55 µg/g dry weight. With the exception of one individual, the Hg concentration in thresher sharks (0.66 to 2.07 µg/g dry weight) was below
the Food and Drug Administration (FDA) safety guideline of 1 ppm wet
weight (3.3 ppm dry weight). In comparison, the Hg concentration in
mako shark muscle tissue ranged from 4.41 to 16.0 µg/g dry weight, and
all of the sampled sharks exceeded the FDA safety guideline. Thresher
sharks contain a low to moderate concentration of Hg and should be
consumed in moderation, whereas mako sharks have a Hg concentration
that is 1.3 to 4.8 times higher than the FDA guideline and are not safe
for human consumption.
TP198 Effect of Salinity Level on the Hemoglobin Protein of
Chironomus riparius Larvae for Three Generations
Z.H. Alali, Seton Hall Univ / Biology Dept; C.S. Bentivegna, Seton Hall
Univ / Dept of Biological Sciences
Hemoglobin protein (Hb) of Chironomus larvae is a promising molecular
biomarker for detecting toxic metals in aquatic ecosystems. However,
molecular biomarkers might be affected by natural environmental factors
that interfere with interpretation of results. In this study, the effect of
salinity on Hb profiles was investigated. Hemolymph of 4th instar C.
riparius was examined after transferring egg masses from freshwater to
increasing levels of salinity water for three generations. The first generation was raised in 1PPT (1g/l) of Instant Ocean Sea Salt, the second
generation was raised in 3PPT (3g/l) of Instant Ocean Sea Salt, and the
third generation was raised in 5PPT (5g/l) of Instant Ocean Sea Salt.
The first, second, and third generations of control animals were raised in
0.15PPT (0.15g/l) of Instant Ocean Sea Salt. Effects on Hb profiles were
determined by detecting Hb products by SDS-PAGE. Samples were also
tested for protease activity using Proteasome-Glo Trypsin-Like Assay.
Results showed that increased salinity corresponded with increased
digestion of Hb. This was indicated on SDS-PAGE gels by a concurrent
rise in low molecular weight (MW) bands and loss of high MW bands
previously identified as Hb. The increase in low MW Hb proteins might
be due to the effort of the animal to struggle against osmotic pressure
created by increased salinity. Activation of proteases would increase
levels of low MW proteins in hemolymph and thereby prevent water
loss. This would allow the species to extend its habitat from freshwater
(≤0.5PPT) into oligohaline (5PPT) environments. Findings demonstrate
that natural environmental factors must be considered when developing
biomarkers for pollutants.
TP199 Effects of an Industrial Basin Overflow on Trace Element
Accumulation in Sediment and Biota of a Coastal Plain Stream
A.H. Lindell, J.C. Seaman, J.V. McArthur, P.T. Stankus, D.E. Fletcher,
Univ of Georgia / Savannah River Ecology Laboratory
An industrial sedimentation basin containing contaminated sediments
overflowed for the first time following record rainfalls in 2013, potentially contaminating an adjacent Coastal Plain stream. We evaluated
trace element levels (Be, Al, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, As, Se, Cd,
Ba, Pb, and U) in sediment and biota collected downstream of the basin
before and one year after the overflow event. Additionally, sediments
from a beaver pond upstream of the overflow, but downstream of multiple industrial runoff channels were analyzed to assess the possible effects
of upstream contaminant sources. Trace element analysis of dragonfly
nymphs (7 genera), crane fly larvae (1 genus) and crayfish (3 species)
verified whether contaminants detected in sediments were bioavailable
and entered the stream food web. Dragonfly community composition,
size frequencies, and head width-weight relationships were compared
between years. In coarser grained sediments of swift stream runs, few
element concentrations increased between years and concentrations
rarely exceeded their corresponding Ecological Screening Value (ESV).
Slower pools represented depositional zones where finer sediments with
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more organic matter and clay settled out, as did higher trace element
concentrations. Organic matter, clay content and correspondingly most
trace element concentrations increased between years in depositional
zones resulting in more samples exceeding ESVs. The organic matter
rich sediments of the upstream beaver pond contained substantially
higher concentrations of contaminants with more samples exceeding
ESVs. The upstream contaminant sources have yet to be identified, but
sources upstream of the basin discharge are evident. Only modest shifts
in dragonfly community composition were noted with a decrease of a
more sensitive genus. Body mass relative to head width also decreased
between years in this genus. Genus and element specific patterns of
accumulation occurred among all study organisms. Among dragonflies,
differences were often consistent with differences in habitat use. Overall,
increased concentrations between years were evident. Despite increased
biota concentrations between years, the Biotic-Sediment Accumulation
Factors of most elements decreased between years across all taxa. This
pattern resulted from concentrations increasing in biota at lower rates
than measured in sediment. This work illustrates the dynamic nature of
stream systems and the need of watershed level evaluations.
TP200 Full life-cycle sensitivity of the mayfly Neocloeon triangulifer
(Ephemeroptera: Baetidae) to copper and zinc
J. Miller, USGS; T.S. Schmidt, USGS / Water Resouces Div; L.S.
Balistrieri, US Geological Society; C. Mebane, USGS WRD / Water
The effects of metals on standard laboratory test invertebrates (e.g.,
cladocerans, chironomids, amphipods) have been well documented and
integral to the development of aquatic life criteria. However, such data
are extremely limited for other groups of insects such as mayflies, which
are often the most speciose and numerous in lotic systems. In recent
years, the culture methods of the parthenogenetic mayfly Neocloeon triangulifer (Clone # 4 from Stroud) have evolved to help fill this knowledge
gap. To better understand the effects of metals and metal mixtures on
aquatic insects we designed a series of full-life cycle chronic toxicity tests
using a range of single metals (Cu, Zn) and a range of binary combinations of Cu and Zn. Test organisms were reared in natural water from
the upper Poudre River, Colorado, USA (hardness = 25 mg/L) at 25
°C. Tests began with less than 24 hour old hatchlings and ended upon
emergence of imago or mortality. We found N. triangulifer to be more
sensitive to Zn than Cu, with lethality at concentrations of Zn orders of
magnitude below that previously reported for insects in laboratory studies and lethality to Cu at concentrations above some previously published
results for insects. While N. triangulifer larvae survived high concentrations of Cu, we found sublethal effects on fecundity at doses >60 µg/L.
Our results suggest that expanding studies to taxa such as N. triangulifer
will bring a fuller understanding of metals toxicity to aquatic systems.
TP201 Heavy Metal-Resistance in Snails Originating from Tar
Creek Superfund Site
A.M. Simpson, K. Gustafson, Oklahoma State Univ / Zoology; J.B. Belden,
Oklahoma State Univ / Integrative Biology
This study investigated the occurrence of heavy metal-tolerant organisms at Tar Creek Superfund site. This area of the Tri-State District
has experienced extensive heavy metal contamination due to historical
mining activity. Areas within the region frequently have high levels of
heavy metals (e.g., lead, cadmium, and zinc); these concentrations are
high enough to expect acute toxicity in aquatic organisms. Thus, we compared the zinc and lead sensitivity of snail populations from Tar Creek
to that of naïve populations of the same species from uncontaminated
reference sites upstream. Bioaccumulation of lead into soft body tissue
and shell was also determined, relative to uptake rate and biomineralization. The results of this study set the groundwork for examining putative
mechanisms of metal tolerance in populations exposed to multiple
contaminants and other tradeoffs resulting from physiological changes to
obtain tolerance.
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TP202 Humic Acid Mitigation in the Assessment of Chemicals under
the Toxic Substances Control Act (TSCA)
T. Wright, A.A. Kennedy, A. Kim, K.M. Eisenreich, USEPA / Office of
Pollution Prevention and Toxics
In the US Environmental Protection Agency (USEPA)’s New Chemicals
Program in the Office of Pollution Prevention and Toxics (OPPT), the
environmental hazard and risk of chemical substances are evaluated
under the authority of TSCA. The USEPA recognizes that the aquatic
toxicity of some chemicals is mitigated in the presence of dissolved
organic compounds (DOC) in natural waters. Humic acids are naturally
present in the environment and inherently mitigate the toxicity of chemicals and hazard to aquatic organisms. Humic acid mitigation has been
used by USEPA in ecological hazard and risk characterization of certain
chemical categories (e.g., aliphatic amines, polycationic polymers, and
nanomaterials). USEPA selected humic acid as the representative DOC
for testing purposes and developed a standard toxicity test guideline
to measure the toxicity of cationic chemicals in the presence of DOC:
Office of Chemical Safety and Pollution Prevention (OCSPP) Ecological
Effects Test Guideline (850.1085) for Fish Acute Toxicity Mitigated by
Humic Acid. The purpose of this poster presentation is to describe the
current methodology USEPA uses to calculate mitigation factors (MF)
and the adjustment of the hazard calculation by application of the MF.
Currently, OPPT is using calculated MFs based on a ratio of the measured acute toxicity LC50 value in water with DOC (or suspended solids)
to a measured acute toxicity LC50 value in water without DOC (as total
organic carbon < 2 mg/L). In addition, any necessary refinements to the
MF methodology, based on the information gathered through OPPT’s
New Chemicals Program and other published data, will be presented.
Disclaimer: The views expressed in this abstract are those of the authors
and do not represent USEPA policy or endorsement.
TP203 Influence of a volcanic eruption on potentially toxic elements
in the food web from an ultra-oligotrophic Patagonia lake
M. Arcagni, R. Juncos, A. Rizzo, Centro Atómico Bariloche / Laboratorio
de Análisis por Activación Neutrónica; L.M. Campbell, Saint Marys Univ /
Dept of Environmental Science; M.A. Arribére, S. Ribeiro Guevara, Centro
Atómico Bariloche / Laboratorio de Análisis por Activación Neutrónica
Volcanoes represent a potentially important natural source of elements,
such as arsenic (As), bromine (Br), caesium (Cs), mercury (Hg), rubidium
(Rb), and selenium (Se) to the atmosphere, where they are transported
and deposited in the aquatic systems. Contents of these elements were
analyzed in biota from Lake Nahuel Huapi (Argentina) before and
after the Puyehue-Cordón Caulle volcanic complex eruption (PCCVC)
in 2011, which resulted in pyroclastic material being deposited on the
lake for several months. Zooplankton, fish and macroinvertebrates were
obtained from three sites from the lake, BR, DH and BL, which had different tephra deposit thickness. Samples were analyzed by INAA in the
RA-6 research nuclear reactor (CAB-CNEA, Argentina). No general
trend was observed in any of the elements analyzed before and after
the volcanic eruption with respect to the organisms or the sites studied.
Arsenic contents decreased after the eruption in molluscs and Creole
Perch in BL and native Small Puyen from DH, but no differences were
observed in the rest of the organisms and sites. Br tended to decrease
after the eruption, as in the case of Brown Trout and Small Puyen from
BR and BL; however it increased in molluscs from BR. In BR and BL,
Cs decreased in molluscs and Small Puyen but increased in insect larvae.
In general, Hg contents remained constant after the eruption, however
they decreased in insect larvae and molluscs from BL and increased in
Brown Trout and crustacean from BR. Rb contents were higher in Small
Puyen from DH after the eruption, but lower in the same species from
BL and BR. Se was the only element that increased after the eruption
(e.g., Small Puyen from the three sites, or insect larvae from BL and BR)
or remained constant. As no clear pattern was observed before and after
the eruption in any of the elements by organism or site, it is difficult to
draw conclusions regarding the behavior of each element. Variations in
the contents of the elements analyzed after the eruption may be caused
by changes in the food web structure produced by the tephra deposition
with the consequent alteration of the trophodynamic of the elements.
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The lack of variation in the elemental concentrations, which was
observed in most of the cases, may be due to an adaptation of the organisms to a cycling input of elements to the system as volcanic eruptions in
the area are not uncommon (e.g., PCCVC recent eruptions were in 1960,
1929-1930, and 1919-1930).
TP204 Land Use Effects on Trace Element Accumulation in
Sediment and Biota of Coastal Plain Streams
D.E. Fletcher, A.H. Lindell, J.C. Seaman, P.T. Stankus, J.V. McArthur,
Univ of Georgia / Savannah River Ecology Laboratory
Evaluating environmental contamination is an essential component of
assessing a stream’s need of and potential for restoration or enhancement.
Presented results on trace elements (Be, Al, V, Cr, Mn, Fe, Co, Ni, Cu,
Zn, As, Se, Cd, Ba, Pb, and U) stored in stream sediments and accumulating in stream biota are a portion of an overall integrated assessment of
the hydrology, geomorphology, biology, and contaminant accumulation
in Coastal Plain streams on the Savannah River Site, SC, USA. We
used crayfish (3 species) and crane fly larvae (1 genus) as biomonitors of
contaminants entering the aquatic food web. Two reference streams were
compared to 3 streams receiving varying amounts of stormwater runoff
and effluents with two streams more scoured. Organic matter content
was reduced in depositional zone sediments of the disturbed streams, but
differed less among streams in swifter flowing sandy run habitats. Clay
content differed less among streams in both habitats except being higher
in runs of a severely scoured stream. Trace element accumulation broadly
correlated with organic matter content, particularly in depositional
zones. Generally weaker correlations occurred between trace elements
and clay content. Trace elements frequently accumulated to substantially
higher concentrations in depositional zones than runs within a stream.
However, a pattern of higher accumulation in depositional zones of the
disturbed streams was not apparent. Accumulation of elements in biota
tended to be element and taxa dependent, but patterns of trace elements
frequently accumulating to higher concentrations in the disturbed sites
were evident. Accumulation sometimes differed between crayfish species
and sexes, but the magnitude of differences between crayfish and crane
fly larvae were usually greater. Additionally, taxonomic differences were
more pronounced in the disturbed streams. In disturbed sites, more but
not all, elements consistently accumulated to higher concentrations in
crane fly larvae than crayfish. Biota-Sediment Accumulation Factors for
the crayfish species and crane fly larvae were also higher in the disturbed
than reference streams. Despite scoured sediments, elements frequently
accumulated to higher concentrations in biota of the disturbed streams.
Future investigation of bioavailability of elements in the stream sediments, lag-time in biotic accumulation, and potential effects of upstream
contaminant sources is warranted.
TP205 Legacy Contaminants in Aquatic Biota Associated with
Nuclear Weapons Material Production on the Savannah River Site
A.L. Bryan, Univ of Georgia / SREL; S. Yu, Syngenta Crop Protection /
Dept of Environmental Toxicology; H. Brant, Savannah River National
Laboratory; J.C. Seaman, Univ of Georgia / Savannah River Ecology
Laboratory; B. Looney, Savannah River National Laboratory; S. Blas,
Savannah River Nuclear Solutions - ACP
Former nuclear weapons material production at the US Dept of Energy’s
(DOE) Savannah River Site (SRS) has resulted in contamination of
certain terrestrial and aquatic ecosystems on site with legacy wastes.
Contaminants including radiocesium (137Cs), tritium (3H), and metals
resulting from operations in the F, H, and C Area facilities on SRS
entered Fourmile Branch by direct releases and mixing of stream surface
waters with contaminated groundwater from nearby seepage basins. We
collected fish and invertebrates from five beaver ponds above, adjacent,
and down gradient of the three facilities to evaluate if the accumulation of metals and radionuclides in biota were associated with F-, H-,
and C-Area operations and if the measured levels could pose risks to
aquatic organisms. A total of 18 fish species and 6 invertebrate groups
were captured at study sites. We compared concentrations of As, Cd, Cu,
Hg, Mn, Ni, Pb, Zn, U, 137Cs, and 3H in two fish groups (sunfish and
predatory fish) and one species (lake chubsuckers) as well as in water (3H

only) among ponds along the stream gradient. Fish collected from ponds
2 and 3 (both adjacent to the H-Area) had significantly higher 137Cs
concentrations compared to fish from other sites. Both biota and water
samples indicated significantly greater levels of 3H at ponds 4 (adjacent
to C-Area) and 5 (downstream). For metals, although concentrations
varied among species, in general fish and invertebrates from ponds 1
(upstream) and 2 (H-Area) had greater concentrations of Hg, Mn, Cd,
and Ni than sites down gradient. Concentrations of other metals did not
differ significantly among sites. Within the higher 137Cs ponds (2 & 3),
larger fish usually had greater 137Cs concentrations and this relationship was the strongest for predatory fish. All water samples from ponds 4
and 5 contained 3H levels exceeding the EPA’s drinking water standard
of 20 pCi/ml, and concentrations of Zn, Cu, and Hg in some samples
exceeded the effects levels reported for fish. Our results suggested that
F-, H-, and C-Area operations likely contributed to the high levels of
137Cs and 3H measured in biota and water at adjacent and down-gradient sites. Current levels of 3H and perhaps Zn, Cu, and Hg may pose a
risk to biota and human health.
TP206 Meta-analysis of aquatic chronic chemical toxicity data
D.J. Hoff, USEPA / ORD / ORD NHEERL Mid-Continent Ecology
Division; G. Elonen, Badger Technical Services; T. Dawson, EMR, Inc.;
D.R. Mount, USEPA / ORD NHEERL Mid-Continent Ecology Division
Chronic toxicity data from the open literature and from tests submitted
for pesticide registration were extracted and assembled into a database,
AquaChronTox, with a flexible search interface. Data were captured at
a treatment and, when available, replicate level to support concentration
response modeling and a variety of meta-analysis. An initial meta-analysis looked at chronic toxicity data specifically for acetylcholinesterase
inhibiting (AChEI) pesticides in the organophosphate and carbamate
groups. The purpose for this analysis was to determine whether acutechronic ratios (ACRs) or other mechanism-specific parameters could
be developed that would allow more robust extrapolation of toxicity data. When compiled across all AChEI chemicals and all species,
ACRs varied widely, by almost four orders of magnitude. Invertebrates
showed higher relative sensitivity to AChEI chemicals than did fish,
even though ACRs for invertebrates were generally much smaller for
invertebrates than for vertebrates. This apparent dichotomy arises from
the much lower acute sensitivity of fish compared to invertebrates,
resulting in lower chronic sensitivity even with higher ACRs. Another
aspect of the analysis evaluated whether ACRs generated using acute
values that were “matched” to the chronic data set (e.g., conducted in
the same laboratory) had different distribution than those that were not
matched. Interestingly, ACRs having unmatched acute values were not
any more variable, but were generally larger than those for matched acute
and chronic data sets; the reasons for this difference are not immediately
clear. Regression analysis conducted on these data sets indicated that
EC20 values generally fell between NOEC and LOEC values as determined by hypothesis testing; few EC20 values fell below NOEC values,
and generally only in data sets with unusual features (e.g., high control
variability). This abstract does not necessarily represent USEPA policy.
TP207 Mitochondria-rich cells isolated from gills of the seawater
clam Mesodesma mactroides for use in toxicological studies with copper
L. Nogueira; A. Bianchini, Unive Federal do Rio Grande - FURG /
Instituto de Ciências Biológicas
Previous studies have demonstrated that mitochondria-rich cells isolated
from gills of the saltwater clam Mesodesma mactroides be a potential
tool for the study of the mechanisms involved in cellular accumulation
and toxicity of copper (Cu). In fact, these study indicated major competition between Na+ and Cu for binding sites on the plasma membrane in
the mitochondria-rich cells isolated from M. masctroides. Considering
that Cu is an ionoregulatory toxicant in aquatic invertebrates, the data
support the idea of using isolated gill cells rich in mitochondria to study
the mechanisms underlying the acute toxicity of waterborne Cu in
marine bivalves. On this way, cells rich in mitochondria were isolated
from gills of the seawater clam Mesodesma mactroides, incubated in
isosmotic saline solution (840 mOsmol/Kg H2O), and exposed (3 h) to
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environmentally realistic Cu concentrations (5, 9 and 20 µg/L). In cells
exposed to 20 µg Cu/L, there were a decrease in Na+, K+ and Mg2+ content and an inhibition of carbonic anhydrase activity, without changes in
cell viability, Ca<sup style=”font-family: arial, helvetica, sans-serif;”>2+</
sup>and Cl- contents, and Na+,K+,ATPase activity. Considering that
changes in environmental salinity may influence Cu toxicity, isolated
cells were maintained (3 h) under isosmotic or transferred to hyposmotic
conditions (730 and 670 mOsmol/Kg H2O) in either the absence or the
presence of Cu. In the absence of Cu, cell viability and Cu content were
reduced in the hypoosmotic media, without changes in Na+ content and
enzymes activities. In the presence of Cu, cells exposed to 20 µg Cu/L
in isosmotic medium showed increased Cu content, reduced Na+ content
and inhibited carbonic anhydrase activity. In hypoosmotic media, Cu
content increased in cells exposed to 5 and 9 µg Cu/L while Na+ content
and Na+,K+,ATPase activity were reduced in cells exposed to 20 µg
Cu/L. In turn, carbonic anhydrase activity was dependent on Cu concentration in the incubation medium, being reduced in cells exposed to
9 and 20 µg Cu/L. These findings indicate that Cu is an ionoregulatory
toxicant to gill cells of M. mactroides and that metal toxicity increases
under hypoosmotic conditions. They also suggest that physiology rather
than water chemistry is more important in predicting Cu toxicity in
environments with varying salinities, pointing out carbonic anhydrase
activity of isolated gill cells of M. mactroides as a potential biomarker of
Cu exposure.
TP208 Modeling the effects of initial density and copper on competition between Pseudokirchneriella subcapitata and Chlorella vulgaris
Y. Kim, Korea Univ; H. Mo, Korea Univ / Inst of Life Science and
Natural Resources; Y. Lee, Korea Univ.; J. Wee, Korea Univ / Division of
Environmental Science and Ecological Engineering; K. Cho, Korea Univ /
Division of Environmental
Algal allelopathy is considered a general phenomenon in aquatic environments and it is important to understand the competition between the
two algae species. Various factors can affect this phenomenon and lead to
complex behavior of algae densities in real environments. In this study,
effects of initial density and copper toxicity on competition between
Pseudokirchneriella subcapitata (P. subcapitata) and Chlorella vulgaris (C.
vulgaris) were assessed by laboratory experiment and mathematical modeling. The mathematical model was developed to describe the density
dynamics of two algae species under 6 different initial density combinations and 0, 5, and 10 ug/l copper conditions using Powersim software.
All experiments were conducted in a 100 mL beaker under 20°C and
16:8 (L:D) condition with periodic observation of cell density. Model
predictions were well agreement with observed data and density dynamics of two species were associated with both initial density and copper
concentration. Results showed that C. vulgaris under copper exposure
was more sensitive than P. subcapitata, it lead to P. subcapitata can be
dominant species, while in the control condition was not. Furthermore,
the copper toxicity was decreased when the initial densities of two algae
species were increased. Overall, this model is applicable for predicting
the algae competition under environmental stress and can be used as a
tool to understand the complex interaction between the algae species in
real environments.
TP209 New Decision Support Tools for the Assessment of Species
Sensitivity Distributions
S.E. Belanger, S.D. Dyer, The Procter & Gamble Company / Environmental
Stewardship and Sustainability Organization; G.J. Carr, Global Statistics
and Data Management
Species Sensitivity Distributions (SSDs) are a high tier approach for
hazard assessment of chemicals. Approaches to establish SSDs vary by
regulatory authority globally. Differences include numbers of species,
species composition, assumed statistical distribution, and types of tests
required for developing the extrapolation. We review several approaches
currently in use, identify differences, and probe outcomes and strategies for harmonizing HC5 (the 5th percentile hazardous concentration)
outputs. We will describe a strategy for assessment of SSDs that is useful
to increase confidence in and communication of results. These strategies
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have been employed in chemical-specific assessments as well as in larger
chemical management programs such as REACH and OECD HPV.
Outcomes of published chronic toxicity SSDs will be reviewed for 5 surfactant classes and 2 biocides. The strategy includes data verification and
quality assessments, statistical model choice, a framework for evaluating
species composition, and a series of methods to probe the output of the
SSD, or HC5. HC5s ranged from 0.1-400 µg/L for the 7 chemicals. The
numerical stability of the HC5 is evaluated using approaches we term
“leave-one-out” (LOO) and “add-one-in” (AOI). In LOO, the impact of
deleting each member of the inputs for a specific SSD is determined on
the resulting HC5. In AOI, results for a future singular test is computed that would change the existing HC5 by 2X-5X. The probability
of observing these hypothetical values was also calculated based on the
distribution estimated from the observed data values. For the chemicals
listed above, data sets ranged from 12-25 species after study quality reviews and would be considered highly robust. LOO assessments
altered HC5 values by < 5% to +/- 25% depending on the chemical and
test that was deleted. AOI assessments indicated that sample sizes were
sufficiently large that altering the HC5 by as small as a factor of 2 would
generally require a new study that was 100 to 1000 times lower than the
previous existing most sensitive taxon with a similarly small probability
of occurrence based on the described distribution. These techniques
consistently demonstrate that SSDs become relatively set in the HC5
outcome once species diversity reaches 10-15 taxa. Additional application factors (up to 5 proposed internationally) make little statistical or
biological sense from an extrapolation point of view.
TP210 Refinery Effluent Toxicity: Is Arsenic and/or Selenium the
Primary Toxicant – an Investigation
K.J. Mierau, Sage Environmental Consulting; S. Scott, Sage Environmental
Consulting / Aquatic Toxicity Laboratory; D. Wilkins, Sage Environmental
Consulting
While published literature is available describing the acute effects of
arsenic and selenium to Ceriodaphnia dubia, reliable toxicity data on
the chronic effects of these metals to C. dubia are lacking. In an effort
to confirm that chronic toxicity exhibited by a refinery effluent was not
due to arsenic and selenium, C. dubia were exposed to arsenic as sodium
arsenate and selenium as sodium selenite in 7-day tests. The chronic
toxicity tests were conducted in triplicate using moderately hard laboratory reconstituted water as well as laboratory water made to mimic the
salt balance exhibited in a refinery effluent (i.e., “mock effluent”). Also,
to assess possible additive or synergistic toxic effects, C. dubia were
exposed to concentrations of both arsenic and selenium simultaneously in
moderately hard laboratory water and the refinery mock effluent. In the
arsenic only tests, the No Observable Effect Concentration for reproduction (NOECr) ranged from 0.614-1.228 mg/L As in moderately hard
water and 0.606 mg/L As for all three tests in the refinery mock effluent.
In the selenium only tests, the 7-day NOECr ranged from 0.257 - 0.515
mg/L Se in moderately hard water and 0.198 – 0.489 mg/L Se in the
refiner mock effluent. Since refinery effluent concentrations ranged from
0.004 – 0.01 mg/L As and 0.048 – 0.077 mg/L Se, it was concluded that
the refinery effluent toxicity to C. dubia could not be attributed to arsenic
or selenium concentration. In the tests spiked with both selenium and
arsenic conducted in both moderately hard laboratory water and refinery
mock effluent, results indicated that effluent toxicity was not attributed
to additive or synergistic effects of the two metals as the NOECr, were
greater than actual effluent concentrations.
TP211 Toxic Effects of a Complex Metal Mixture on Aquatic Insects
Across Multiple Levels of Biological Organization
S.B. Duggan; P. Cadmus, Colorado Parks and Wildlife; H.S. Ramsdell,
Colorado State Univ; W.H. Clements, Colorado State Univ / Dept of
Fish Wildlife and Conservation Biology; J.L. Williamson, Colorado
School of Mines; J.F. Ranville, Colorado School of Mines / Chemistry and
Geochemistry
Mining is widespread and an economically important industry.
However, acid mine drainage (AMD) can pollute aquatic ecosystems
with complex mixtures of metal contaminants. Here, we explored lethal
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and sub-lethal effects of AMD on aquatic insect communities as well
as in individual metal-tolerant caddis fly larvae, Arctopsyche grandis.
Naturally colonized aquatic insect communities and hand collected A.
grandis were gathered from reference streams. Organisms were transplanted to an artificial stream facility where they were exposed for ten
and eight days, respectively, to environmentally relevant concentrations of AMD obtained directly from a Superfund site point-source.
Numerous metal constituents (e.g., Zn, Cu, Cd, Fe, Ni, Mn, Co) were
quantified using inductively coupled plasma optical emission spectrometry. Simple linear regression demonstrated organism abundance and
species richness were negatively related to exposure concentration (R2 =
0.58 and 0.66, respectively). A similar regression analysis demonstrated
community and A. grandis oxygen consumption were also negatively
related to exposure concentration (R2 = 0.72 and 0.51, respectively).
Collectively, these responses suggest deleterious and concentrationdependent effects of AMD. However, when a common indicator of
oxidative stress, protein carbonyl content (PCC), was quantified results
diverged from expectations. In metal-tolerant A. grandis, PCC was
significantly higher in controls than AMD treatments (P< 0.001).
Moreover, there was not a significant difference in PCC among AMD
concentrations. The results of this project illustrate limitations of utilizing a single biochemical marker to observe effects of a complex metal
mixture. Rather, a broad suite of markers at multiple levels of biological
organization should be assayed to determine metal mixture toxicity.
TP212 Transgenerational effects of cadmium and tributyltin in the
great pond snail, Lymnaea stagnalis
E. Reategui-Zirena, Texas Tech Univ TIEHH / Environmental Toxicology;
B.N. Fidder, Environmental Toxicology Dept; A.D. Olson, Texas Tech Univ
TIEHH / Environmental Toxicology Dept; T.R. Bilbo, Texas Tech Univ
/ Environmental Toxicology; D. Dawson, Environmental Toxicology; C.J.
Salice, Towson Univ / Biological Sciences Environmental Science
A growing concern regarding the ecological effects of contaminants is
that they may induce changes in parental organisms that are then passed
to offspring affecting fitness and physiological performance. These
parental effects have potentially far-reaching ecological and evolutionary consequences. The purpose of this study was to evaluate the potential
for parental effects in the great pond snail, Lymnaea stagnalis exposed to
two different environmental contaminants. Two groups of adult Lymnaea
stagnalis were exposed to either different concentrations of cadmium
(Cd) or different concentrations of tributyltin (TBT) for 8 weeks. Egg
masses were collected from experimental adults and exposed to the
respective concentration (same as parents) and another set were placed
in contaminant-free water for 20 days at 3 different time points during
the 8 week studies. For offspring, we evaluated hatching success and
time to hatch. We also performed a sensitivity test placing freshly laid
egg masses in clean water keeping them separated based on their parents
concentration and reared them for 6 weeks then challenged them to 2
contaminant concentrations. For Cd, adult snails exposed to the higher
concentrations produced eggs that took longer to hatch. In the sensitivity
test, offspring from parents exposed to the higher concentrations of Cd
were more tolerant to challenge concentrations. While for TBT, hatching
success and sensitivity did not seem to be influenced by parental exposure.
These observations on offspring performance suggest there are important
parental effects that can strongly influence responses but that the presence
and magnitude of parental effects is likely contaminant specific.
TP213 Use of Empirical and Modeled Data to Predict Toxicity Using
the USEPA Test of Significant Toxicity
J.D. Westfall, Sanitation Districts of Los Angeles County / Technical Services
The US Environmental Protection Agency (USEPA) has developed
the test of significant toxicity (TST) to analyze whole effluent toxicity (WET) and ambient toxicity data. This statistical approach is the
recommended toxicity analysis in California NPDES and MS4 toxicity monitoring programs. The TST is a hypothesis test which uses a
bioequivalence approach to directly control for Type I and Type II error
rates. The objective of this study was to use a combination of empirical
and modeled data to illustrate TST failure rates at multiple population

effect levels. This study sought to answer two questions using the
invertebrate, Ceriodaphnia dubia, andthe fathead minnow, Pimephales
promelas: would an increase in replication sufficiently reduce the declaration of toxicity in non-toxic samples and second, what impact would this
increased replication have on the identification of toxicity at the regulatory management decision level of ≤10% (biologically acceptable results as
defined by USEPA)? The studies for each organism included exposing a
single batch of organisms to non-toxic control water, random subsampling
of control and treatment results from this pool of control replicates, and
a comparison of controls and treatments using the TST. For the second
component a novel approach was used to define a true population effect by
using a ratio of the non-toxic dataset. Applying a multiplier to this dataset
provided known population level effects while maintaining real world
variances. These modeled treatment samples were then compared to the
control samples. In the invertebrate assay, 2% of non-toxic samples failed
the TST and over 12%of samples with a 10% population effect failed with
the minimum replication. With doubled replication, non-toxic sample
failures were eliminated. However, over 2% of these double replicate tests
still failed with a 10% population effect. The fathead minnow bioassay
had far fewer failures. Non-toxic samples failed the TST for the survival
endpoint less than 1% of the time and less than 2% of the time for the
biomass endpoint using minimum replication. Increasing to 6 replicates
per treatment eliminated the determination of non-toxic samples as toxic
and reduced the failures with a 10% population effect to less than 4%.
Overall, Increased replication was successful at nearly eliminating TST
failures for non-toxic samples and reducing the frequency of failure at the
management decision level to approximately 2% in both assays.
TP214 Dose dependent modulation of in vitro phagocytic activity,
cell proliferation and cytokine production of amphibian immunocytes
by heavy metal exposure
U. Jayawardena, Univ of Colombo / Zoology; D. Wickramasinghe, W.
Ratnasooriya, P. Udagama, Univ of Colombo
Heavy metals are reported to elicit immunomodulatory effects leading
to adverse impacts on biota including amphibians. The effects of heavy
metal exposure on the immune cell responses of the common Indian
green frog, Euphlyctis hexadactylus, were determined by measuring (i)
phagocytic activity of peritoneal macrophages and of WBCs, (ii)cell
proliferation of splenocytes and bone marrow cells, and (iii)cytokine production by all theseimmune cells. Cells were exposed in vitro to a heavy
metal mixture (Cd, Cr, Cu, Zn, Pb) in a ten fold concentration series
from 0.005-50 ppm. Distilled water served as the control. Expression
of interferon(IFNγ), tumour necrosis factor(TNFα), interleukin (IL)6
and IL10 were measured in primary cell culture supernatants of each of
the four immune cell suspensions, and the T helper balance (Th1:Th2)
was estimated. Doses above 0.5 ppm significantly reduced phagocytosis, cellular proliferation and cytokine production. Phagocytic activity
of both peritoneal macrophages and WBC was not affected by heavy
metal concentrations 0.005 and 0.05 ppm reporting a stimulation index
of approximately1.0, while this value decreased to 0.5 at 5 and 50 ppm
concentrations. Similarly, cell proliferation indices of splenocytes and
of bone marrow cells decreased from >1 to 0.1 at 5.0 and 50.0 ppm
concentrations, respectively. Cytokine production of immune cells was
stimulated at 0.005 ppm resulting in >10% increased production than of
the controls. Lower heavy metal doses (< 5 ppm) lead to a Th1 polarized immune response by producing higher IFNγ and TNFα than IL10
while higher doses elicited cytotoxic effects resulting in an overall decline
of cytokine production. Phagocytic and proliferation activities showed
strong positive correlation with the production of Th1 type cytokines.
Heavy metal ions may have affected the cells by penetrating the cells
through calcium channels and/or by reacting with the cell surface
molecules resulting in modulation of cellular activity and cytokine
release. The overall results showed that while higher heavy metal doses
were immune toxic, moderate and lower doses evoked immunomodulatory effects. This study therefore suggests that in vitro cellular vitality
assements in conjunction with cytokine production may serve as an
experimental model to evaluate immunotoxic effects of heavy metal
exposure.
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TP215 Evaluation of chronic (4- to 12-week) effects of sodium chloride on growth of juvenile mussels (Lampsilis siliquoidea) in water-only
exposures
N. Wang, J.L. Kunz, C.G. Ingersoll, USGS / Columbia Environmental
Research Center; E. Hammer, USEPA / Region V; C. Bauer, USEPA
ASTM International standard guide recommends a 4-week duration
for conducting chronic toxicity tests with juvenile mussels. USEPA has
expressed concern that the 4-week exposure period represents a relatively
small percentage of the overall duration of the juvenile life stage of mussels, and that some growth effects, particularly small reductions in length
or weight, might be transient during a longer exposure. The objective of
this study was to evaluate 4-, 8-, and12-week chronic effects of sodium
chloride (NaCl) on growth (dry weight) of mussels (Lampsilis siliquoidea)
in water-only exposures starting with 2-month-old mussels following the
ASTM standard methods and a refined feeding method (auto-feeding 6
times daily, replacement of sand substrate and test chambers every other
week). The test was conducted in intermittent flow-through proportional diluter systems with 16 replicates per concentration (4 replicates
sampled at 4-, 8-, and 12 weeks). The mean control survival was >98% at
the end of 4-, 8-, and 12-week exposures, and mean control dry weight
increased 5.6 fold by Week 4, 18 fold by Week 8, and 34 fold by Week
12. No effect was observed on survival in all NaCl concentrations (up
to 1000 mg NaCl/L) over 4- to 12-week exposures, whereas the EC10
for dry weight was >1000 mg NaCl/L at Week 4, 796 mg NaCl/L at
Week 8, and 609 mg NaCl/L at Week 12. The results indicate that the
chronic effect concentrations of NaCl on the growth of juvenile mussels decreased with increasing exposure periods from 4 to 12 weeks.
Additional 4- to12-week tests with other chemicals (e.g., nickel and zinc)
are ongoing.
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TP216 Development of an auto-feeding system for culture and toxicity testing with newly transformed freshwater mussels
J.L. Kunz, C.G. Ingersoll, N. Wang, USGS / Columbia Environmental
Research Center
ASTM International standard guide recommends that about 8- to
16-week-old freshwater mussels (about 1.0 to 2.0 mm length) for starting chronic 4-week water or sediment toxicity tests because mortality
of newly transformed juveniles in cultures is often high for a few weeks
after release from fish hosts. However, previous studies indicate that
newly transformed juvenile mussels are more sensitive to some toxicants,
such as copper or sodium chloride, compared to older juveniles. Refining
culture conditions to improve survival and growth of the newly transformed life stage would allow for conducting chronic toxicity testing
beginning with potentially more sensitive younger mussels (about 1 week
post transformation). Pursuant to this goal, we have developed an autofeeding, flow-through system for culturing and testing young mussels
over 4-week period. The system uses a peristaltic pump to deliver a commercially available algal mixture to 300-ml exposure chambers with each
cycle of a proportional flow-through diluter. The tests started with about
1-week-old fatmucket (Lampsilis siliquoidea) resulted in improved survival
(100%) and growth (3.4X-length increase) over the 4-week test with the
following conditions: (1) auto-feeding the algal mixture >12 times per
day, (2) addition of a thin sand substrate in test chambers, (3) replacement of sand and test chambers every other week, and (4) providing >12
water addition/day to each exposure chamber. We are currently evaluating the auto-feeding system for use in large-scale cultures starting with
newly transformed (90%) and growth (>20-fold increase in weight) in
cultures through 4 weeks in the auto-feeding system compared to more
traditional static renewal bucket culture systems.
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Fate, Toxicology or Risk Assessment of
Materials of Interest to the Military
WP001 Characterization of Organophosphorus Nerve Agent VX
Droplets on Plant Foliage
M. Simini, US Army Edgewood Chemical Biological Center /
Environmental Toxicology; M.V. Haley, R. Checkai, US Army Edgewood
Chemical Biological Center / Molecular Toxicology Environmental; R.G.
Kuperman, Edgewood Chemical Biological Center
Defensive capabilities are needed to identify and mitigate threats in
the event of the release of Chemical Warfare Agent (CWA) into the
environment. Solders under battlefield conditions are under extremely
stressful situations. There is an advantage for the solder to quickly
identify a possible CWA release onto vegetation. We developed a
method for growing and maintaining healthy plants in a chemical surety hood and for disseminating, observing, and evaluating the
spread and visual appearance of droplets of the CWA, O-Ethyl-S(2-diisoproylaminoethyl) methyl phosphonothiolate (VX) on plant
foliage (Echinochloa crus-galli). Grass is the most prevalent type of plant
worldwide, and the natural distribution of Echinochloa crus-galli is one of
the largest for grass plants worldwide. In separate experiments, 1 µL or
3 µL droplets, representing a range of droplet sizes expected from CWA
dissemination, were dispensed onto living intact plant leaves using a high
precision gas-tight syringe. Images of the 1 µL and 3 µL VX droplets
were photographed at timed intervals, and saved for subsequent analysis.
Each image was electronically traced 3× and converted to surface area
(SA) by Image Pro Insight imaging software. Results showed that the
disseminated droplet initially appeared as a transparent wet area that
spread with time. After 1h, both the 1 µL and 3 µL droplets ceased to
spread, and the leaf tissue within the droplet spread area appeared darkened. After 24h, the affected leaf tissue was light tan in color and the
plant cells appeared necrotic. The mean SA (mm2) of the affected tissues
was 132, 192, 163, 135, and 142 at 0.017, 0.05, 1, 4, and 24h, respectively for the 1 µL droplet; and 166, 301, 303, 278, and 274 at 0.05, 1,
4, 24, and 48h for the 3 µL droplet. Necrosis and desiccation of affected
tissues accounted for decreased SA at the latter time points. Our study
is the first to quantitatively characterize CWA droplets on leaf surfaces.
Results from this research can significantly accelerate field characterization to more effectively protect the Warfighter, as well as aid efforts by
the Dept of Homeland Security, Environmental Protection Agency,
and others involved in assessing and mitigating environmental release of
chemical agents.
WP002 Environmental Progress: The Effective Half-Life of the
Chemical Warfare Agent VX on Plant Foliage
R. Checkai, M.V. Haley, US Army Edgewood Chemical Biological Center
/ Molecular Toxicology Environmental; M. Simini, US Army Edgewood
Chemical Biological Center / Environmental Toxicology; R.G. Kuperman,
Edgewood Chemical Biological Center
Methods for investigating Chemical Warfare Agent (CWA)–Plant
Interactions have successfully been developed using live plant species, necessary in order to maintain plant physiological responses and
obtain results applicable to CWA-contaminated battlefields. Pioneering
research was undertaken, sustaining living plants within mandatory
surety hood constraints and disseminating CWA onto individual mature
leaves of the foliage of intact living plants. The primary plant species
selected for method development and initial research investigation is
the grass Echinochloa crus-galli. Grass is the most prevalent type of plant
worldwide, and the natural distribution of Echinochloa crus-galli is one of
the largest worldwide. Plant culture methods for growing and maintaining grass within a surety hood environment included installing and
testing a system of light-emitting diodes (LED) within the surety hood,
in order to supply high-quality photosynthetically active radiation (PAR)
without the usual concomitant excessive heat load of traditional illumination. Physiologically healthy living plants are required in order to
investigate and record critical parameters for the effects of CWA–plant
interaction, rather than creating and observing artifacts from the impact

of factors other than CWA. VX [O-Ethyl-S-(2-diisoproylaminoethyl)
methyl phosphonothiolate] was the initial CWA selected for method
development, and initial research investigation. The preliminary result
observed for the Effective Half-Life of VX on grass leaves (illumination
>250 µmoles cm2 sec-1, 16h-light/8h-dark; 21C; relative humidity >45%)
is 59h (±14 asymptotic standard error; 95% CL 30-88), calculated using
the statistical Logistic Gompertz Model which provided the best fit to
the observed experimental data. The Effective Half-Life is a measure
of the net effect of all factors affecting persistence, including evaporation, transformation, and fixation. Additional critical parameters under
current investigation include the coefficient of wash-off from measured
rainfall, distribution of CWA on and within leaves as a function of time
post-dissemination, and Contact Transfer (exposure) of CWA from contaminated foliar surfaces onto Army Combat Uniform (ACU). Results
of these investigations provide critical parameter input for predictive
models, and direct experimental determinations for comparison with
predictive model outcomes.
WP003 Weathering and photodegradation effects on fate and transport properties for alternative fuels of interest to DoD
R.D. George, US Navy, Spawar Systems Center 2361 / Environmental
Sciences; M. Colvin, SPAWAR Systems Center Pacific; G.H. Rosen,
SPAWAR Systems Center / Energy and Environmental Sustainability
Alternative fuels have potential to be introduced to the marine environment through transport, storage, and spills. To better understand fuel
environmental behaviors (fate and transport properties) that might be
important, our recent efforts have focused on laboratory-based comparisons with conventional (petroleum-based) fuels. The alternative fuels
initially of interest to the Navy include hydroprocessed renewable jet
(Camelina seed-derived; HRJ-5) and hydroprocessed renewable diesel
(algae-derived; HRD-76), as replacements for petroleum-based jet fuel
(JP-5) and ship diesel (F-76), respectively. Detailed chemical analyses
performed on water-accommodated fractions (WAFs) prepared from seawater exposure to neat fuels, indicated that HRJ-5 and HRD-76 WAFs
contain decreased molecular concentrations and different compositions
for alkanes, volatile organic compounds (VOCs), and polycyclic hydrocarbons (PAHs), which correlates with differential toxicities using common
marine test organisms and endpoints. Current experiments are focused on
weathering fuels under natural conditions and photodegradation conditions to observe potential effects (bioavailability and toxicity) of degraded
alternative fuels on marine life, with the intent to determine ultimate fate
and transport pathways for newer generation fuels. Photodegradation
of PAHs, subsequent to partitioning into seawater, is being studied via
accelerated UV exposure to evaluate potential for enhanced or lower
toxicity by degradation products that may form in the WAF.

Assessing Ecological Risks of Resource
Extraction on Inland Environments: Oil and
Gas Extraction and Coal Mining
WP004 Mesocosm community response sensitivities to specific conductivity comprised of different major ions
C.T. Nietch, USEPA / Water Supply Water Resources Division; J.M.
Lazorchak, USEPA / Office of Research and Development
Traditional toxicity test assays have been used to evaluate the relative
sensitivity to different major ion mixtures as a proxy for understanding
what the response of aquatic species growing in their natural environment
would be during exposure to specific conductivity stress emanating from
resource extraction activity. To increase the field relevance of these laboratory exposures we have conducted several stream mesocosm studies that
pair single-species and community-level responses in-situ and allow for
direct comparison among different ionic mixtures of specific conductivity. Dose-response models have been fit to numerous single-species and
group-level (e.g., ephemeroptera emergence, total insect drift, periphytic
diatom density) effects obtained from 42 day dosing periods imposed on
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the naturally colonized mesocosms. Significant 25% inhibition concentration (IC25) effects were estimated, and then were collectively ranked
to produce a mesocosm response sensitivity distribution for specific
conductance for each of five major ion mixtures tested. After selecting an
acceptable effect threshold for the response distribution one can compare
relative sensitivities among the major ion mixtures. If we select the 20th
percentile of the response sensitivity distribution, for example, this is the
point that 80% of all the estimated mesocosm IC25 responses would lie
above, and, therefore would be less sensitive to. The analysis is akin to
the 20percentile hazard concentration (HC20) derived from a species
sensitivity distribution. A preliminary comparison of HC20 specific
conductance values among 5 different ion mixtures tested showed that
mesocosm responses were most sensitive to excess specific conductivity
dominated by magnesium and sulfate ions (HC20 = 588 uS/cm) followed
by conductivity from sodium and bicarbonate (HC20 = 695 uS/cm), then
sodium and calcium chloride mixtures (HC20 = 1087 uS/cm). These
results suggest that stream community responses would be significantly
more sensitive to excess specific conductance from coal mining activities
that leave leachable spoils rich in carbonate and sulfate salts compared
to sources emanating from deep well extraction works, which tend to be
dominated by ions from sodium and calcium chloride salts.
WP005 Acute toxicity of bicarbonate from unconventional gas produced waters in eastern Australia
K. Hills, Univ of Canberra / Inst for Applied Ecology; R. Hyne, Office
of Environment and Heritage; B.J. Kefford, Univ of Canberra / Inst for
Applied Ecology
The concentrations of the major ions in coal mine and unconventional hydrocarbon, e.g., Coal Seam Gas (CSG), produced waters are
potentially harmful to freshwater ecosystems. The ionic proportions of
produced waters can vary significantly depending on the geographical
location and even over the lifetime of a well. In Australia, bicarbonate
is a major constituent of produced waters from CSG and coal mining.
However, little is known about the relative toxicity of differing ionic proportions, especially bicarbonate, found in CSG wells. Currently saline
contamination in produced water discharge, are typically regulated based
on total salinity or electrical conductivity (EC). However, EC and total
salinity may be a poor predictor of the toxicity of various ionic compositions to freshwater species. In order to assess the impact of various ionic
proportions associated with Coal Seam waters and compare them against
current freshwater guidelines, the acute mortality of decapod Paratya
australensis (an abundant freshwater shrimp found throughout the eastern
Australia) was assessed against four different water types: dechlorinated
Sydney tap water with added NaHCO3; synthetic marine salt; and two
synthetic mine water based on samples collected from CSG wells across
New South Wales and Queensland, Australia. The 96-hr LC10 and
LC50 toxicity values calculated from these four water types, based on
conductivity, indicated that P. australensis is very tolerant of synthetic sea
water but extremely sensitive of NaHCO3 with the acute toxicity of the
synthetic well waters predicted by NaHCO3 concentration but not by
EC or total salinity. We will also compare 96-hr LC10 and LC50 toxicity values for P. australensis and other stream macroinvertebrates. Our
results show the importance of considering the toxicity of specific ions
and not only total salinity or EC.
WP006 The Utica Shale Energy Environmental Laboratory
(USEEL): An academia-industry-government partnership at Ohio
State University
R.P. Lanno, Ohio State Univ / Dept of Evolution Ecology and Organismal
Biology
The state of Ohio (USA) has a history rich in energy resource development and is currently developing wells in unconventional formations at
an unprecedented rate. The Utica/Point Pleasant shale play in eastern
Ohio is the focal point for hydraulic fracturing in the state. Concerns
exist regarding the environmental and human health risks associated
with the hydraulic fracturing process, yet data used to frame these
arguments, from both environmentalist and industry perspectives,
often lack scientific rigor, transparency, and completeness. Assessing
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the nature of environmental hazards and risks associated with hydraulic fracturing processes, chemicals, and waste products in a controlled,
scientific manner is limited by ready, consistent access to these materials from actual drilling facilities. As a result, very few scientific data
are available to the public on the environmental risks posed by drilling
to surface and subsurface environments. Only through ongoing access
to active, “transparent” drilling sites with organized well development
and sampling strategies can hypothesis-driven research be conducted to
inform best practices to reduce environmental and human health risks
associated with shale development. To this end, in co-operation with the
Muskingum Water Conservancy District (MWCD), The Ohio State
University is developing the Utica Shale Energy and Environmental
Laboratory (USEEL). The USEEL represents a unique partnership
between industry, academia, and government in the collection of data to
assess the environmental and human health risks associated with hydraulic fracturing, as well as baseline chemistry, mineralogy, seismology, and
microbial biodiversity contributing to geologic history and hydrocarbon
development in shale formations. The USEEL will be the first collection
of extensive baseline data at an unconventional shale drilling site prior to
and post-development of a hydraulically-fractured site with the ability to
follow all parameters through the entire hydraulic fracturing process and
well production. The USEEL will also include a socio-economic component addressing the effects of the boom-bust cycle associated with oil
and gas production on communities in eastern Ohio. This presentation
will detail the structure and operation of the USEEL, current research
programs, and future opportunities.
WP007 The Complexity and Challenges on Assessment of Toxicity of
Hydraulic Fracturing Flowback Fluids
Y. He, E. Folkerts, Univ of Alberta / Biological Sciences; S. Flynn, Univ
of Alberta / Earth and Atmospheric Sciences; A. dos Santos Pereira, J.W.
Martin, Univ of Alberta / Laboratory Medicine and Pathology; D. Alessi,
Univ of Alberta / Earth and Atmospheric Sciences; G. Goss, Univ of Alberta /
Biological Sciences
The new technologies of high-volume hydraulic fracturing (HF) have
emerged as a revolutionary method of unconventional gas recovery.
There are significant concerns regarding environmental risk of hydraulic fracturing. Considerable attention has been given to contamination
of shallow groundwater from deep reservoirs following fracturing.
However, risk posed by HF flowback fluid (HFFF) has been less well
studied. HFFFs, as a mixture of fracturing fluids and deep groundwater
that return to the surface following fracturing, are highly saline and
have been demonstrated to contain heavy and/or radioactive metals,
plus potentially thousands of organic constituents, which may be from
the HF additives or naturally derived components. These complex fluids
place strong challenges to both accurately identify the chemical profile
and in characterizing the biological response. Risk of HFFF exposure
to aquatic organisms includes both on-site spill and during surface
transport to disposal/treatment sites. The identification of the biological
impact is challenging and the risk to the ecosystem and human health is
difficult to assess. Not having an a priori understanding of the biological
effects of these fluids will leads to an open source of ongoing uncertainty
in risk management. The overall goal of our research program is to
identify chemical signatures and the mechanisms of toxicity of HFFF,
thus, to develop an assessment tool for spills, thereby both helping to
define the biological zone of impact and improvement of risk assessment
of HFFF. Here we present a case study of the complexity of these fluids
and the challenges in assessing toxicity. Up to our knowledge, this is one
of the first toxicological studies on HFFF. An acute toxicity test was performed using zebrafish embryo, and EROD activity in zebrafish embryo
exposed to HFFFs was also measured. The results indicated that the
lethal toxicity might be attributed to organic contaminants and/or high
salinity in HFFF, depending on the developmental stage of fish embryo.
The induction of EROD activity in zebrafish embryo also suggested
that PAH might be one of the important contaminants group present in
HFFFs, and CYP1A activity might be a good biomarker for rapid detection of HFFF spill in the aquatic environment.
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WP008 Induction of EROD activity and oxidative stress in gill
of Rainbow Trout (Oncorhynchus mykiss) exposed to Hydraulic
Fracturing Flowback Fluid
Y. He, E. Folkerts, Univ of Alberta / Biological Sciences; S. Flynn, Univ of
Alberta / Earth and Atmospheric Sciences; J.W. Martin, Univ of Alberta /
Laboratory Medicine and Pathology; D. Alessi, Univ of Alberta / Earth and
Atmospheric Sciences; G. Goss, Univ of Alberta / Biological Sciences
The emergence of hydraulic fracturing in oil and gas industry has made
it necessary to query the potential toxicological and ecological risks this
relatively new practice might pose to the environment. Although some
attention has been given to the potential contamination of groundwater
aquifers, very little has been studied on the entirety of the fracturing water cycle, in particular the surface-returned flowback fluid. This
hydraulic fracturing flowback fluid (HFFF) is a hyper saline mixture of
fracturing proppants/surfactants, containing numerous metals, radionuclides, poly aromatic hydrocarbons (PAHs), benzene and phenol
derivatives. To date, significant knowledge gaps exist on the chemical
and toxicological profile of HFFF, making remediation efforts difficult
when spills and leaks occur. Additionally, governments and industry
lack requirements and standards to which remediation efforts must be
performed at. Our program is trying to characterize the chemistry and
toxicology of these HFFFs and to develop biomarkers and exposure
limits, providing both governments and industry feasible and realistic standards for monitoring and remediation. One of the objectives
of our program is to determine the nature of HFFF toxicity in fish
and identify tissue locations where HFFF elicits its effects. This was
done by performing sub-lethal assays on juvenile rainbow trout (RT)
exposed to HFFF and measuring biochemical endpoints in various
tissues. Ethoxyresorufin-O-deethylase (EROD) activity was measured as indicator of phase I enzyme activation, and thiobarbituric acid
reactive substances (TBARS) was measured as indicator of oxidative
stress generation. Exposure to HFFF resulted in significantly higher
EROD activity and TBARS in RT gill. Removal of suspended particles
from HFFF by filtration was able to attenuate/mitigate the effects, and
activated charcoal treatment of HFFF was able to abolish the effects.
The results indicated that exposure to HFFF induced phase I enzymes
activation and generation of oxidative stress, and the organic components
in HFFF might be the main contributors. In addition, compared to gill,
the induction of EROD activity and TBARS were much lower, or even
absence in RT liver at the same exposure time, indicating gill might be
the first responding organ to HFFF exposure, at least in an acute exposure case. Further studies need to be performed to investigate the time
course effects on induction of EROD and TBARS in different tissues.
WP009 The Application of a Weight-of-Evidence Aquatic Impact
Assessment of a Coal Spill into a Freshwater Urban System
G. Gilron, Borealis Environmental Consulting Inc.; K. Graf, Canadian
National Railway Co. / Environment; L. Patterson, Canadian National
Railway Co.
There is a general paucity of information regarding the impact of raw,
washed coal on freshwater ecosystems. Subsequent to the derailment of
three rail cars containing coal into a freshwater creek in an urban setting,
a remedial program to remove a large volume of spilled material (mixed
with natural sediments) was implemented. In order to evaluate residual
impacts from any unrecovered coal downstream of the spill area, an
impact assessmentof the receiving aquatic environment was conducted.
The assessment focused on potential short- and long-term water and sediment impacts, using a weight-of-evidence approach. Four study elements,
specifically, water quality, sediment quality, sediment and sediment
porewater toxicity and bioaccumulation potential, were evaluated. Water
concentrations were within applicable aquatic life guidelines. Sediment
concentrations of three metals and various PAHs, just downstream of the
recovery area, exceeded sediment quality guidelines and reference area
concentrations. Evaluation of fish, invertebrate and algae toxicity test
data with site media provided more specific information regarding the
bioavailability of these parameters and the potential for biological impact.
Site sediments and porewater were non-toxic to species tested, with the
exception of midge (Chironomus dilutus) and amphipod (Hyallela azteca)

survival at one of seven stations. The bioaccumulation potential test
results for freshwater oligochaetes (Lumbriculus vareigatus) indicated that
PAHs present in specific areas downstream of the derailment site have
slight potential to bioaccumulate. This result, combined with the toxicity
potential of these sediments supported a correlation between PAHs in
sediment, sediment toxicity and bioaccumulation potential in a localized
area downstream of the derailment site. Given that the residual coal in
sediments is of a low volume in relation to the volume of the coal spilled,
it was recommended that sediments be left in place to attenuate naturally,
as any removal of residual coal would likely pose greater risks to aquatic
receptors, through further habitat disturbance and re-suspension and
transport of residual coal particles over a broader area.

Munitions Compounds in the Environment:
Release, Transport, Transformation,
Exposure, Effects and Remediation
WP010 A Practical Approach to Integrating Risk Assessment and
Remediation at a former Munitions Manufacturing Facility - Using
Results to Get Results
S.M. Larew, Kennedy/Jenks Consultants / Princeton New Jersey; M.
Beauchemin, Kennedy/Jenks Consultants / Tewksbury Massachusetts; D.J.
Stout, Kennedy/Jenks Consultants / Princeton New Jersey
Historical operations and associated operational upsets (e.g., explosions)
at a former energetics and explosives (E&E) manufacturing facility
distributed E&E constituents in discrete areas of the site. Acknowledging
the potential for operational upsets, production areas were separated by
distance and shock-absorbing vegetative buffers. Results of site investigation activities were integrated into a strategic ecological risk assessment
(ERA) that focused on areas of the site where risk was uncertain.
Buffered areas where site-related influences were negligible, as well as
areas of operational upsets where risk assessment results were unlikely to
influence the need to perform active remediation, were excluded from the
ERA. This focused approach yielded informative risk conclusions to focus
additional data collection and risk management decisions using a weightof-evidence approach, while expediting remedy development in areas of
presumed ecological risk. A former TNT manufacturing area is one such
area of presumed ecological risk that merits active remediation. Historical
operational upsets distributed TNT throughout the surface and shallow
subsurface soil in. SI activities characterized the magnitude and extent
of TNT in soil and identified TNT in overburden groundwater. In lieu
of a full remedial investigation, and concurrent with the preparation of
the ERA, treatability and pilot study activities were conducted to inform
design of a comprehensive remedy addressing dissolved phase TNT in
groundwater and crystalline TNT particles in soil. Initial research identified TNT degradation pathways specific to site groundwater conditions;
and concluded that natural attenuation represents a viable remedy for site
groundwater contingent upon TNT source removal from soil. A treatability study evaluated grain size segregation and soil washing processes
to consolidate crystalline TNT into the finer (less than 2 mm) fraction
of soil, followed by application of a commercially-available reagent to
enhance biodegradation of TNT in soil. This approach effectively eliminates offsite disposal of TNT wastes, facilitates reuse of treated material
onsite as alternative fill, and removes the TNT Source material necessary
to justify a monitored natural attenuation remedy for groundwater.
WP011 Assessing the prevalence of non-additive toxicity among the
chemical constituents of the insensitive munition formulation IMX-101
J.K. Stanley, P. Gong, G.R. Lotufo, US Army Engineer Research and
Development Center / Environmental Laboratory; N. Barker, US Army
Engineer Research and Development Center; M. Wilbanks, US Army
Engineer Research and Development Center / Environmental Lab; K.A.
Gust, ERDC-EL-EP-P / Environmental Laboratory
Recent mammalian toxicological investigations of the component compounds making up the insensitive munition (IM) formulation IMX-101
(dinitroanisole (DNAN), nitrotriazolone (NTO) and nitroguanidine
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(NQ )) performed by others have indicated the potential for greaterthan-additive toxicity among the components of the IMX-101 mixture.
The purpose of the present study is to assess if non-additive toxicity is
present in acute and chronic testing with non-mammalian animal species. 10-d water-only survival and growth, 4-d larval survival, and 3-d
survival and bioaccumulation testing have been performed with Hyalella
azteca (scud), Pimephales promelas (fathead minnow), and Eisenia fetida
(earthworm), respectively. Preliminary 24-h bioaccumulation exposures
with H. azteca have also been performed. Results to date indicate DNAN
has the highest bioconcentration factor of the IMX-101 constituents and
is the primary contributor to toxicity in the IMX-101 mixture. Mixture
effects among the IMX-101 constituents in the acute and short-term
chronic bioassays performed thus far appear to be additive for mixture
ratios present in the IMX-101 formulation. Global gene-expression
analyses are ongoing with the purpose of delineating toxic modes of
action for individual IM constituents and the IMX-101 mixture in the
species tested. Chronic adult P. promelas 21-d survival and histopathology, H. azteca 42-d survival, growth, and reproduction, and E. fetida
28-d survival, growth, and reproduction exposures are planned and
results from these efforts will also be presented.
WP012 Bioaccumulation of the high energetic and insensitive munitions compound 2,4-dinitroanisole in the earthworm Eisenia fetida
from spiked soils
G.R. Lotufo, US Army / ERDC Environmental Laboratory; J.G. Coleman,
US Research and Development Center / Environmental Laboratory; A.
Harmon; M.A. Chappell, US Army Corps of Engineers / Environmental
Laboratory; A.J. Bednar, US Army Engineer Research and Development
Center / Environmental Laboratory; A. Russell, US Army Engineer Research
and Development Center; S.M. Brasfield, US Army Engineer Research and
Development Center / Environmental Laboratory
Manufacturing of explosives and their loading, assembling and packing into munitions for use in testing on training sites or battlefield has
resulted in contamination of terrestrial that may pose risk to soil invertebrates. The bioavailability and bioaccumulative potential of the insensitive
munitions compound 2,4-dinitroanisole (DNAN) was assessed using
exposures of the earthworm Eisenia fetida to four soils with varying
characteristics amended with DNAN and aged for 1 or 29 wk. Formation
of 2- and 4-amino-nitroanisole (2A-4NAN and 4A-2NAN) occurred
in aged soils and their porewater, but never at concentrations higher
than that of DNAN. SumDNAN (sum of DNAN, 2A-4NAN, and
4A-2NAN) in soil decreased with aging likely by irreversible binding. The
porewater data suggest both clay and organic matter contents of the soil
seem to affect the bioavailability of DNAN. Overall, SumDNAN body
residue of earthworms remained relatively constant from 1 to 7 d for all
exposures, indicating high rate of elimination and short time to achieve
steady state. Higher concentration of 2A-4NAN and 4A-2NAN in
worms relative to soil and porewater suggest reductive transformation of
DNAN in the tissues. Bioaccumulation factors (ratio of the tissue to soil
concentration) varied from 1.2 to 4.3 while bioconcentration factors (ratio
of the tissue to porewater concentration) ranged more narrowly from
1.4 to 3.2 across soil types and aging periods. Porewater seems to play a
significant role in the bioaccumulation of DNAN in earthworms across
soils with varying characteristics, which is consistent with equilibrium
partitioning theory. The concentration of DNAN in soil porewater water
could be used as an indicator of the bioavailability as wells as to predict
the concentration of that compound in earthworms.
WP013 Investigation of polar organic chemical integrative sampler
(POCIS) flow velocity dependence for munitions constituents in
underwater environments
R.D. George, US Navy, Spawar Systems Center 2361 / Environmental
Sciences; G.H. Rosen, SPAWAR Systems Center / Energy and
Environmental Sustainability; G.R. Lotufo, C.M. Woodley, D. Smith, US
Army Engineer Research and Development Center; J.B. Belden, Oklahoma
State Univ / Integrative Biology
The measurement of polar organic compounds, such as munitions
compounds (MC), in the environment at trace concentrations or during
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intermittent/sporadic release events, has been of interest for a number
of years. One technology, passive-sampling devices (PSDs), has shown
promise because of an ability to measure in situ concentrations with low
detection limits. A commercially available PSD technology, an integrative passive sampler (IPS) called the polar organic chemical integrative
sampler (POCIS), originally marketed for field sampling of more polar
compounds such as pharmaceuticals, pesticides, and household products,
has recently shown utility for MC. Our application of POCIS to MC is
concerned with evaluating environmentally relevant concentrations of
trinitrotoluene (TNT) and its degradation products (e.g., aminodinitrotoluenes and diaminonitrotoluenes), and trinitrohexahydro-s-triazine
(RDX). Initial POCIS efforts focused on laboratory calibration, but
more recently field validation using a known amount of Composition
B (CompB: 39.5% TNT, 59.5% RDX, and 1% wax binder) a common
munitions fill material, as a single point source in a permitted release
evaluation. In that study, concentration gradients were evaluated as a
function of distance and direction away from the CompB using POCIS
that were selectively positioned in concentric rings around the release
point. Quantitation of MC in both laboratory and field studies yielded
quantitative detection at trace levels (< 20 ng/L) and linear average uptake
rates, but assumed little or no dependence on the nominally low water
flow velocity over the surface of the POCIS membrane and sorbent
material. However, in real environments, it is anticipated that flow may
become more significant, thus we began a study to evaluate MC uptake by
POCIS in a controlled water flume with known varied current velocities.
Experimental details of this effort will be presented with observations
and collected data described for deriving flow-velocity dependence of MC
uptake by the POCIS technology. It is anticipated that this effort will
allow for more accurate quantitation of trace level energetics in the vicinity of potentially leaking underwater munitions at unexploded ordnance
(UXO) or discarded military munitions (DMM) sites.
WP014 Optimization of Integrative Passive Sampling Approaches
for Munitions Constituents
J.B. Belden, Oklahoma State Univ / Integrative Biology; S.A. Morrison,
Integrative Biology; J. Oiler, SPAWAR Systems Center Pacific; G.H. Rosen,
SPAWAR Systems Center / Energy and Environmental Sustainability; R.D.
George, Us Navy, Spawar Systems Center 2361 / Environmental Sciences;
G.R. Lotufo, US Army ERDC / Environmental Laboratory
Although integrative passive sampling (IPS) has been demonstrated as a
promising technique for munitions constituents (MCs), current sampler
designs and technology do not account for variations in sampling rate
due to changes in flow and turbulences near the sampler. In complex
environments, such as at the sediment – water interface, this may limit
the utility of passive sampling. Thus, our research targeted three different
approaches to improve calibration of samplers including: 1) optimization
of passive sampler design to reduce boundary limitations and make sampling rates more uniform across environmental conditions; 2) modify and
incorporate sensors for measurement of in-situ flow and temperature to
correlate environmental conditions with lab calibrations; 3) test potential
performance reference compounds to measure in-situ sampling kinetics
allowing adjustments of sampling rates. Our approach was to utilize the
well-studied Polar Organic Contaminant Integrative Sampler (POCIS)
design and make small modifications such as increasing thickness of the
membrane, addition of microsensors to the deployment canister, and
adding performance reference compounds candidates (stable isotope
forms of caffeine and deisopropylatrazine) to the samplers.
WP015 Phytoscreening for Energetic Contaminants: Perchlorate,
RDX and HMX
J.G. Burken, Missouri Univ of Science and Technology / Civil, Architectural
and Environmental; Y. Yuan, Missouri Univ of Science and Technology /
Environmental Engineering; M.A. Limmer, Missouri Univ of Science and
Technology; H. Shi, Missouri Univ of Science and Technology / Chemistry;
D. West, Missouri Univ of Science and Technology
Energetic compounds RDX, HMX, and Perchlorate are an emerging
contaminant increasing encountered at contaminated sites that can transport rapidly, making site assessment difficult and costly. Vascular plants
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accumulate trace contaminants from their surroundings while extracting water and nutrients from the subsurface, they also. Novel sampling
and analytical approaches can access this data which exists in planta,
and modeling efforts can relate exposure to these in-planta contaminant
levels. To analyze plant samples, LC-MS-MS analytic methods for
Perchlorate, PETN, HMX, RDX, TNT, 2A-DNT, nitroguanadine,
and DNAN were developed with a total run time of < 6 minutes and
method detection limits (MDLs) are the lowest yet reported for many
compounds, down to 20 ng/l. Novel centrifugation techniques extract
the transpiration tissues stream fluids mechanically without any solvents
and extracts are filtered injected directly, compared to traditional solvent
extractions and condensing. The advantages and disadvantages of the
rapid plant sampling methods will be discussed. Plant tissue - subsurface concentration relationships of HMX, RDX, and Perchlorate have
been shown to be essentially linear for the rapid centrifugation methods,
revealing potential for using a variety of plant species for phytoforensic
analysis. Methods were applied at the Longhorn Army Ammunition
Plant in Karnack, Texas, USA to delineate a perchlorate plume extending into a wooded area. A hydroponic greenhouse study of willow trees
was also conducted to evaluate the analytic techniques and demonstrate
that tree sap perchlorate concentrations were proportional to dosing
solution perchlorate concentrations. At the field site, analysis of ~200
tree cores revealed plume boundaries similar to those obtained by
traditional groundwater monitoring methods. Phytoscreening offered
higher spatial resolution and detail than the limited groundwater sampling, for considerably less cost than the groundwater sampling efforts.
Cross-covariograms developed for perchlorate groundwater and tree
concentrations were comparable to those of trichloroethylene (TCE),
indicating phytoscreening of perchlorate performed similarly to TCE.
This research demonstrates the potential for phytoscreening to extend
beyond the traditionally studied organic compounds.
WP016 Potential risks and impact assessment of chemical warfare
agents to human health and the environment at a deep-water discarded military munitions site
C. Briggs, Environet, Inc. / Environmental; M. Edwards, Univ of Hawaii
at Manoa; S. Shjegstad, Environet, Inc.; M. Bissonnette,
Understanding the release and transformation of chemical warfare agents
(CWA) at underwater discarded military munitions (DMM) sites is
essential to determine the potential risk to human health and impact
on the ocean environment; yet few studies have been conducted at sites
in excess of 250 m, the depth at which most US CWA munitions were
disposed. Maritime construction workers installing cables or pipelines
at a CWA DMM site, as well as fishermen and scientific researchers
deploying bottom-contact gear, represent possible exposure pathways to
human receptors. The Hawai‘i Undersea Military Munitions Assessment
(HUMMA) sought to characterize a historic munitions sea-disposal site
at depths between 400-650 m. HUMMA utilized human-occupied and
remotely operated vehicles to collect sediments and shrimp within two
meters of suspected World War II chemical munitions, confirmed to
be 100-lb M47 series bombs containing sulfur mustard. When environmental media was brought to the surface, samples were screened for
sulfur mustard and related degradation products. At least one sediment
sample from each of the CWA DMM sites sampled showed detectable concentrations of sulfur mustard and/or its degradation product
1,4-dithiane. The location and extent of munitions casing deterioration
strongly influenced the distribution and level of sulfur mustard and
degradation products in sediment. The interior of the casing contained
levels of CWA orders of magnitudes higher than that observed in the
surrounding sediment at one meter distance, indicating the majority of
sulfur mustard is hydrolyzed as it is released from the munitions casing
and a fraction of the fill material persists in the environment for decades
following disposal. We repeatedly observed that the M47 munitions casings are corroded to such an extent that physical contact causes the metal
to disintegrate, thereby making a catastrophic release during potentially disruptive removal efforts likely. Shrimp caught from traps placed
within two meters of M47 bombs did not contain sulfur mustard or its
degradation products, indicating that bioaccumulation is not occurring.

Although the potential for future site users to become exposed to CWA
in recovered sediments and debris exists, the level of risk is significantly
mitigated by the depth and location of the sea-disposal site.
WP017 Shallow-water conventional munitions sites: A demonstrated
approach for sampling and risk analysis
S. Shjegstad, Environet, Inc.; G. Carton, CALIBRE Systems, Inc.
Large areas of US coastal and inland waters are potentially impacted
by munitions remaining from Dept of Defense training and disposal
activities. There are about 400 sites encompassing several million acres
in US waters. Analytical data is available for many terrestrial munitions response sites and methods of characterization and assessment of
risk are well established. Because only a small number of underwater
munitions sites have been evaluated, the data set for these sites is small
and refinement of the methods is ongoing. The vast majority of the sites
remain uncharacterized. Knowledge of munitions constituents concentration and distribution at these sites is limited. In addition, toxicological
data is also limited making scoping of investigations difficult. Two
recent studies of underwater munitions sites demonstrate strategies for
carrying out a site characterization, despite the myriad unfamiliar and
unknown aspects of working in the marine environment. At Ordnance
Reef (HI-06), scientists and the community spent years designing a
study to generate meaningful data, carrying out the sampling, analyzing
the results, and evaluating potential risk to the marine environment and
those that use it. The community has close ties to the ocean, with some
regularly consuming biota caught from the study area. The main challenges included verifying and modifying a laboratory method for use on
biota tissues, demonstrating its effectiveness, designing and conducting
a human health risk assessment based on site-specific seafood consumption rates, use of the proper sampling techniques, and a need to design
the study to account for other nearby sources of anthropogenic pollution.
At Asan Beach, Guam the team used a streamlined Comprehensive
Environmental Response, Compensation and Liability Act (CERCLA)
Site Inspection (SI) for a shallow-water conventional munitions disposal
site. The team selected biota species from several trophic levels, regularly
consumed by the local population, and focused the SI on evaluating
the potential impacts to human receptors. Participation of local community members, fishermen, and government was essential for project
success. The human health risk assessment and screening ecological risk
assessment had sufficient data from the streamlined sampling approach
to satisfy the data quality objectives and recommend a Site Evaluation
Accomplished determination for the site.
WP018 Tracking the metabolism of explosives in coastal marine
ecosystems using stable isotopic tracers: Role of sediment
T.S. Ariyarathna, Univ of Connecticut / Dept of Marine Sciences; P.
Vlahos, Univ of Connecticut / Depts of Marine Sciences and Chemistry; M.
Ballentine, R. Smith, C. Cooper, C. Tobias, Univ of Connecticut / Dept of
Marine Sciences
It has been estimated that there are hundreds of explosive-contaminated
sites all over the world and managing these contaminated sites is an
international challenge. As coastal zones and estuaries are commonly
impacted zones, it is important to understand the fate and transport of
munition compounds in these environments. The role of sediments as
a sink for explosive compounds has become more important towards
remediation of these toxic compounds in the environment. Lack of data
on sorption, biodegradation and mineralization of trinitrotoluene (TNT)
and trinitrotriazine (RDX) in coastal ecosystems drives this study to use
stable nitrogen isotopes and track their metabolic pathways in sediments. Mesocosm experiments representing subtidal vegetated, subtidal
unvegetated and intertidal marsh ecocosms were conducted for TNT
and RDX separately. Steady state concentrations of compounds were
maintained in the systems throughout two-week time duration of experiments. Sediment, pore-water and overlying water samples were analyzed
for parent compounds and degradation products. Isotope analysis of the
bulk sediments revealed an initial rising inventory of 15N illustrating
the role of sediments on sorption and degradation of both compounds.
Higher sediment 15N enrichments were found for the TNT treatments
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than for RDX indicating a higher sorption affinity of TNT in sediment
than it does for RDX. Both pore-water and overlying water samples
were analyzed for 15N inventories of different nitrogen pools including
ammonium, nitrate, nitrite, nitrous oxide and nitrogen gases. RDX is
mineralized to nitrogen gas through a series of intermediates while TNT
is partially mineralized forming ammonium as the ultimate product.
Significant differences in degradation of both compounds were observed
in the three different ecosystems based on sediment characteristics and
redox condition in the systems. Especially, fine grained organic carbon
rich sediments show higher mineralization rates of TNT and RDX in
terms of production of their end products. Quantification of degradation
and transformation rates will lead to mass balances of TNT and RDX in
the systems. Further analysis of results will provide insights for mineralization pathways of TNT and RDX into both organic and inorganic
nitrogen pools entering the marine nitrogen cycle.
WP019 Ultrasonic interrogation of underwater military munitions in
marine environments
R.D. George, US Navy, Spawar Systems Center 2361 / Environmental
Sciences
This paper describes efforts focused on modifying and evaluating a commercially available ultrasound technology for use on underwater military
munitions (UWMM) in marine environments. Similar to a medical
ultrasound, this technology was originally developed for nondestructive evaluation/inspection, and more recently for classifying materials
both nondestructively and non-intrusively during inspection activities
for security operations in maritime environments. In the absence of such
a detector, the most definitive approach to ascertain or confirm content
inside of UWMM is discrete sample collection of the contents followed
by a separate laboratory or field analysis of that sample. Such a practice
can be costly, time-consuming and dangerous, with significant training and protection requirements to minimize exposure of personnel
to potential threats. At present, a more common UWMM evaluation practice consists of physical inspection of ordnance to ascertain
the condition and perhaps type of explosive fill if sufficient markings
or characteristics are visible or present. Discreet sampling around
an UWMM can be performed, but this may not provide sufficient
information unless a significant contaminant signature remains in the
surrounding environmental media. In this effort we have implemented
technology modifications and demonstrated underwater interrogation of
UWMM, with the goal of providing a validated screening tool for ascertaining integrity, fill level, and classifying content of UWMM. Realistic
decision-making for managing UWMM requires that the state of integrity for a given item is known. This effort describes our initial technology
demonstration that will be ready to assist with characterization, assessment, and remediation once a given underwater item is located.

Soil Contaminants: Fate, Bioavailability,
Ecotoxicology and Risk Assessment
WP020 A Comparison of Total Suspended Solids Analytical
Methodology
M.A. Moland; J.L. Bouldin, Arkansas State Univ / Biological Sciences; T.
Woodruff, Arkansas State Univ
The US Environmental Protection Agency identifies fluvial sediment
as the Nation’s most widespread contaminant in rivers and streams,
affecting much of aquatic habitat and water treatment processes. A
common measure of water quality is the amount of suspended material in the water. The EPA, USDA, USGS, and researchers monitor
the quality of Arkansas’s water resources. The EPA traditionally uses
the total suspended-sediment (TSS) analytical method to determine
the total amount of suspended material in aqueous samples, whereas
the suspended-sediment concentration (SSC) analytical method is the
USDA and USGS’s standard for measuring suspended materials concentrations in aqueous samples. These analytical methods also differ among
researchers. SSC data are produced by measuring the dry weight of all
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the sediment from a known volume of a water/sediment mixture. TSS
data are produced by several methods, most of which entail measuring
the dry weight of sediment from a known volume of a sub-sample of the
original. The primary objective of this study was to evaluate the differences in water-quality analytical techniques among the various sampling
and sub-sampling methodology. Data comparability is a concern as data
is compared using the various analytical methods. A sampling program
was designed to compare differences in water quality data resulting from
the two methods and to measure relationships between SSC and TSS
and determine the feasibility of SSC sub-sampling methods.
WP021 Application of the weight of evidence (WOE) evaluation in a
complex terrestrial ecological risk assessment
S. Thakali, AECOM; J. Flanders, URS Corporation; C. Mancini,
AECOM; R.G. Stahl, E.I. DuPont de Nemours and Company / Corp
Remediation
A weight of evidence (WOE) framework was applied to assess the
potential ecological risks to terrestrial receptors due to mercury exposure
in a riparian system along a historically-impacted river. In ecological
risk assessment (ERA), the WOE evaluation integrates multiple lines
of evidence that are closely linked to measurement endpoints (MEs)
associated with a particular assessment endpoint (AE) for a receptor. In
ERA, the WOE evaluation has typically been limited to the evaluation
of potential ecological risks to benthic receptors. In the current application of the WOE framework, an overall evaluation of terrestrial receptors
is performed. MEs and AEs were selected for eight representative
terrestrial receptors, ranging from terrestrial plants to an insectivorous
bat. Three characteristics of the MEs were integrated, including: 1) their
relative importance; 2) the potential for effects that they represent; and 3)
the concurrence among them. The resulting WOE evaluation provided
a holistic assessment of the terrestrial receptors in the riparian system
under consideration. The overall finding of the evaluation was consistent
with the trophic transfer potential of bioaccumulative methylmercury.
Although uncertainties were identified, the evaluation identified potential risks of adverse effects for the carnivorous birds and the insectivorous
songbirds due to dietary exposures to methylmercury, a finding relevant
to the remedial decision-making. In this presentation, specific examples
of the approach, outcomes, and uncertainties of the WOE evaluation
will be discussed.
WP022 Arsenic Bioaccumulation in Brassica juncea: An Examination
of Arsenic Availability and Toxicity in Soil with the Presence of Iron
Oxyhydroxides
S. Ford, B.C. Maki, A. Dionisio, Western Washington Univ / Dept of
Environmental Toxicology; M. Abernathy, Western Washington Univ
Arsenic released from agricultural application and geologic weathering
is a contaminant of concern for many regions of Washington State. The
behavior of As in the soil column has been shown to be heavily modulated by iron compounds also present in the soil. These iron particulates
influence the concentration and subsequent availability of As in the soil
by sorbing and desorbing As depending on the redox environment of
the soil. Hydrous ferric oxide (Fe2O3·H2O) is one abundant form of
iron that both comprises these particulates and has been shown to have
a high bioavailability to microorganisms. The Fe(III) in these particulates can be metabolically reduced by microbial communities within the
soil resulting in the de-sorption and release of As. In this study we have
assessed the toxicity and availability of arsenic in locally collected soils,
with respect to bioaccumulation in the known arsenic hyperaccumulator, Brassica juncea. Four soil treatments have be tested: untreated soil,
soil treated with Fe2O3·H2O, soil treated with As, and soil treated
with both Fe2O3·H2O and As. Leachate from each treatment has been
collected weekly and has been analyzed for both total arsenic and iron
concentrations. Arsenic accumulation in B. juncea will be measured,
along with total biomass production after three weeks. Our preliminary
results indicate that the greatest growth in B. juncea was documented in
treatments containing both arsenic and hydrous ferric oxide, followed by
treatments with the addition of only arsenic, only hydrous ferric oxide
and unamended soils respectively.
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WP023 Assessment of the Impacts of Bio-based Mineral fertilizers
and substitute for Fossil-based synthetic fertilizers
B.A. Ojong, Bawak Aruk Ojong / Environmental Science and Technology
Agricultural expansion is seen as a response to increasing global food
demand and as a cause of several environmental problems associated
with the excess manure and overuse of chemical fertilizers. A broad
range of fertilizers, pesticides and fumigants applied to agricultural
lands has made agriculture most important non-point source pollution.
The main environmental concerns are to reduce water pollution from
leaching farm nutrients (P2O5 and NO3-) and pesticides, as well as to
maintain soil quality and reduce ammonia and greenhouse gas emissions from livestock farms. The large amount of livestock (especially
pigs) in Western Europe (e.g., Flanders, Belgium) has led to a huge
imbalance in the amount of manure produced and available arable land.
The strong variation between the amount of nutrients produced from
animal husbandry and the quantities that can be used as a fertilizer
has resulted to prevailing fertilizing restriction. This thesis includes a
full scale field assessment of agronomic potential of bio-based mineral
fertilizers. The aim of the study was to evaluate the impact of bio-based
mineral fertilizers on crop yield and soil quality as compared to chemical fertilizer and animal manure. Digestate replaced animal manure and
synthetic fertilizer was replaced by liquid fraction of digestate, scrubber
water, ammonia water and pig urine in different treatment scenarios. The
overall goal is to obtain outcomes comparable enough to enhance the
adoption of bio-based mineral fertilizers (bio-digestate waste derivatives) as replacement to chemical fertilizers and animal manure. Nutrient
balances were assessed and the physicochemical soil fertility and quality
were evaluated. Biomass yield of the harvested energy crop (maize) was
determined and an ecological evaluation was also conducted. Application
of digestate derivatives resulted in statistically no significant difference
in crop yield, soil fertility and quality compared to common practices
using synthetic fertilizers and animal manure. Additionally, the use of
the bio-based products resulted to increase nutrient use efficiency as they
are seen to nutrient mobilization from the soil. The experimental results
show clearly that the use of recovered bio-based products as nutrient supply in agriculture can substitute fossil-based fertilizer use. Hence these
bio-based products should be encouraged by European legislation.
WP024 Bioavailability and Bound-residue Formation of
Perfluoroalkyl Substances in Soils
L. Zhao, College of Environmental Science and Engineering; L. Zhu,
Nankai Univ; S. Zhao, X. Ma, Nankai Univ / College of Environmental
Science and Engineering; Y. Zhang, Chinese Research Academy
of Environmental Sciences; Z. Liu, Chinese Research Academy of
Environmental Sciences / State Key Laboratory of Environmental Criteria
and Risk Assessment
Perfluoroalkyl substances (PFASs), including perfluorosulfonates
(PFSAs) and perfluorocarboxylates (PFCAs), are widely present in
environment. The presence of PFASs in soils raised concerns over their
potential ecological risks in terrestrial organisms. Hydrophobic organic
contaminants (HOCs) could become sequestrated in soil and their
bioavailability is significantly reduced. Different from HOCs, PFASs
have special chemicophysical properties, which are both hydrophobic
and lipophobic. They are more soluble in water and less partitioned to
soil than the HOCs. It remains unclear whether and to what extents
PFASs could be sequestrated in soil. In this study, sequential extraction
of PFASs in soil and bioaccumulation of PFASs in earthworm were carried out to understand the bound-residue formation and bioavailability
of PFASs in three soils with different soil organic matter (SOM) and
aged for different time periods (7 and 47 d). Bound-residue was formed
in different degrees depending on content and compositions of SOM in
soil, structural properties of PFASs and aging time. All of the PFASs
were sequestrated in peat soil with high fraction of organic carbon (ƒoc
59%) and no free PFASs were observed in this soil. Aging might lead to
further sequestration of PFASs, resulting in higher fraction of bound and
residual PFASs in the farmland soil with relatively lower organic carbon
(ƒoc 4.6%). As a consequence of the bound-residue formation, the bioavailability of PFASs in soils was reduced greatly. However, the bound

and residual PFASs were still bioaccumulative in earthworms to some
extent due to the gut uptake from ingested soil particles. The results indicated that the risk of PFASs in field soil could be underestimated if only
free PFASs using mild solvent extraction were monitored. The formation of bound-residual PFASs should be taken into consideration when
assessing their ecological risks.
WP025 Ecotoxicity monitoring of plant-based biodiesel contaminated soil using the earthworm (Eisenia fetida)
I. Bamgbose, Gradient / Dept of Environmental Toxicology; T.A. Anderson,
Texas Tech Univ / Environmental Toxicology
Fuel oil spills are a worldwide threat to environmental sustainability, as
they contaminate aquatic and terrestrial environments. To reduce health
and environmental risks, various fuel alternatives are being researched,
produced, and used. Biodiesel is a prominent alternative, marketed as a
clean-burning fuel produced from livestock feeds and various vegetable
oils. In theory, these animal/plant derived materials should have less
environmental impact based on their simplified composition relative
to fuels like conventional Diesel. However, like Diesel, biodiesel fuel
could also accidentally be spilled into aquatic and terrestrial environments. Since very little is known about the potential ecological impact of
these alternative fuels on soil ecosystems, several ecotoxicological tests
including an earthworm (Eisenia fetida) 14-day lethality, an earthworm
filter paper contact toxicity test, and a cocoon hatchability test were
performed to assess the effects of three plant-based biodiesels (safflower methyl-ester, castor ethyl-ester, and castor methyl-ester) relative
to Diesel. Results showed Diesel was most toxic to earthworm as it
caused the highest mortality and morbidity in both the soil toxicity test
and the filter paper contact toxicity test. Low mortality was observed in
biodiesel soil toxicity tests, however significant morbidity responses such
as sluggish movements, weight loss, coiling, excessive mucus secretion,
extended clitellum, posterior and anterior fragmentation, and discharge
of coelomic fluid were observed in the biodiesel filter paper contact tests.
In the cocoon hatchability test, biodiesels were equally toxic as there
was no hatching success at 2% and 5% soil concentrations. The results
presented in this poster form part of a larger study to investigate the
ecotoxicological effects of plant-based biodiesels on the environment.
WP026 Effect of Soil properties and fractionation of arsenic in soil on
the bioavailability and toxicity of Paronychiurus kimi (Collembola)
Y. Lee, Korea Univ.; J. Wee, Korea Univ / Division of Environmental
Science and Ecological Engineering; Y. Kim, Korea Univ; H. Mo, Korea
Univ / Inst of Life Science and Natural Resources; K. Cho, Korea Univ /
Division of Environmental
Toxicity test of contaminate soil is very complex because of differential bioavailability in the soil. Therefore, bioavailability of metals in
soil is a major factor influencing estimates of toxicity. In this study,
the two major test was conducted. First, the toxicity of arsenic for the
Collembola, Paronychiurus kimi, was assessed by determining the effects
of increasing Arsenic concentration on survival, reproduction and body
concentration of As in OECD artificial soil and five forested soils with
different available phosphate and oxide-metal concentration. Second, the
sequential extraction procedure (SEP) for Arsenic by choosing extraction
reagents commonly used for sequential extraction of metals was tested.
The two EC50 based on soil concentration and inbody concentration
was estimated respectively. All the EC50 was lower as the concentrate of
available phosphate increased. The inbody concentration was related to
the non-specifically and sepcifically-sorbed arsenic. The arsenic which
is amorphous and crystalline hydrous oxide of Fe and Al and residual
had little effect to the test species relatively. The soil properties and the
arsenic fractionation in soil have a influence on the bioavailability and
toxicity.
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WP027 Evaluating terrestrial toxicity of hydrophobic contaminants
using plant and soil invertebrates
J. Butler, ExxonMobil Biomedical Sciences, Inc / Environmental Toxicology
and Chemistry Laboratory; B. Kelley, B. Hedgpeth, ExxonMobil
Biomedical Sciences Inc; C. Sutherland, ExxonMobil Biomedical Sciences,
Inc. / Toxicology and Environmental Science; D. Letinski, ExxonMobil
Biomedical Sciences Inc; A.D. Redman, ExxonMobil Biomedical Sciences; M.
Leon Paumen, ExxonMobil Biomedical Sciences / ExxonMobil Biomedical
Sciences TES Division; T. Parkerton, ExxonMobil Biomedical Sciences Inc. /
Toxicology Environmental Science
Environmental risk assessments require high quality toxicity data to provide defensible environmental quality benchmarks. Hydrophobic organic
compounds (HOCs) are often difficult to test due to multiple compound
loss processes (sorption, volatilization, biodegradation, etc.) and slow
kinetics of dissolution. We have developed a protocol for dosing and
analyzing problematic HOCs in soil matrices, which have been applied
to chronic toxicity tests with terrestrial plants (50-d germination test
with Brassica rapa and Avena sativa) and soil invertebrates (28-d survival
and reproduction test with Folsomia candida). The study objective was
to validate the equilibrium partitioning model for deriving PNECs in
soil for HOCs and to identify an optimal mixing and aging protocol to
minimize artifacts related to physical oiling of neat test material that had
not fully equilibrated with the test media. Compounds tested ranged in
log KOW values of 5-9.Terrestrial plant endpoints observed consisted of
shoot weight (wet and dry), number and weight of inflorescences. Soil
invertebrate endpoints observed consisted of adult mortality and number
of young produced. The datasets generated here demonstrates that existing risk assessment models are protective of these endpoints and support
efficient use of data for general purpose risk assessments.
WP028 Field validation of a laboratory pilot demonstrating the ability of biochar to reduce mercury bioavailability in floodplain soils
B.J. Reese, URS Corporation; S. Thakali, AECOM; J. Flanders, URS
Corporation; R.G. Stahl, E.I. DuPont de Nemours and Company / Corp
Remediation; R.C. Landis, DuPont
Biochar amendment is a promising remedial option for mercury (Hg)impacted soils. Previously, an initial laboratory pilot study was performed,
which indicated that Cowboy biochar in soil (at up to 10% by dry weight)
has no adverse effects on earthworms (Eisenia fetida) and plants [wheat
(Triticum aestivum), soybeans (Glycine max) and radish (Raphanus sativus)]. The same study indicated promising reductions in methylmercury
(MeHg) bioaccumulation by juvenile E. fetida, as well as apparent reductions in invertebrate toxicities in the biochar amended mercury-impacted
soils. This field pilot study was designed for in situ biochar amendment
of mercury-impacted soils following the laboratory phase. The field pilot
study was initiated in the Spring/Summer of 2015 and focused on the
evaluation of biochar’s effectiveness in reducing MeHg bioaccumulation
in juvenile E. fetida. In addition, the adverse effects on adult E. fetida
survival, growth, and reproduction, which were absent in the laboratory
study, were evaluated. Soils with elevated concentrations of total mercury
(THg) were amended with saturated and unsaturated biochar at 5% and
10% (dry weight), placed in exposure cage mesocosms, and deployed
in situ at the field location. After a few months and adequate aging of
the biochar/soil mixtures, adult E. fetida (resident in background soil or
laboratory-reared) were added to the mesocosms. After four and eight
weeks of in situ exposure, adults, as well as any juvenile E. fetida produced
in the mesocosms, were sampled for Hg tissue concentrations, survival,
growth, and reproduction. The methods and findings of the field pilot
study and their implications for biochar amendment as an innovative
remedial option to treat mercury-impacted soils are discussed.
WP029 Human health and ecological impacts from pipeline valve
staining: Risk assessment coupled with research
K.E. Bresee; C. Semper, Trans Canada; S. Siciliano, Univ of Saskatchewan /
Toxicology Group and Dept of Soil Science; N. Hogan, Univ of Saskatchewan
Toxicology Centre
A human health and ecological risk assessment (HHERA) was conducted for lubricating oil staining around valve actuators at a number of
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active natural gas compressor stations across Canada. These valve actuators use hydraulic fluid as a lubricant, and leakage of the fluids has caused
soil staining around the valves. Soil and groundwater samples were
collected from a small sub-set of sites where this leakage has occurred
(i.e., < 5%) and analyzed for benzene, toluene, ethylbenzene and xylenes
(BTEX), and petroleum hydrocarbon (PHC) fractions F1 to F4. Based
on comparison against Federal soil quality guidelines, the HHERA
identified elevated off-site risks to aquatic life and potable water users
from PHC F2 and F3 contamination. However, groundwater quality
was not affected, suggesting that the lubricant was degrading in the
unsaturated zone and/or groundwater mixing and dilution was sufficient
to reduce concentrations below detectable levels. The risk assessment
concluded that risks to human and ecological receptors are not expected;
however, future risks are uncertain and the conclusions were based on a
very small sample size. Therefore, a research and development (R&D)
program was developed with the University of Saskatchewan to extrapolate the results and develop a broader ranging assessment technique. The
study addressed the following uncertainties and questions: 1) What is
the magnitude and likelihood of hydraulic fluid impacting groundwater and surface water; 2) What is the rate of degradation; 3) What are
the products of degradation; 4) What are the toxicity risks to growth,
reproduction and survival endpoints for sentinel aquatic organisms (i.e.,
protists, invertebrates, aquatic plants and amphibians) from groundwater infiltration as well as spring runoff; and 5) What are the optimal
mitigating factors to protect water resources and how can degradation
be enhanced in a safe manner? The presentation will provide a description of the limitations of the HHERA and how the R&D program was
designed to address these questions. The presentation will focus on the
extent of vertical migration of the hydraulic fluid, the rate of degradation, the products of degradation, the applicability to CCME PHC
guidelines, the toxicity risks to aquatic organisms, and the likelihood of
impacts to groundwater and surface water.
WP030 Use of earthworms to identify atmospheric depots in soils of
airborne metals in Toluca Valley
J. Sánchez-Meza, Univ Autónoma del Estado de México, Fac. de / Dept of
Pharmacy; R. Apolonio-Barranca, Univ Autónoma del Estado de México Fac
de Química / Departamento de Farmacia; S. Tejeda-Vega, Instituto Nacional
de Investigaciones Nucleares / Gerencia de Ciencias Ambientales; J. RamírezGarcía, Univ Autónoma del Estado de México Fac de Química / Analytical
Chemistry Dept; P. Ávila Pérez, Instituto Nacional de Investigaciones
Nucleares / Dirección de Investigación Tecnológica
Metropolitan Zone of Toluca Valley (MZTV) in Mexico in the last years
has shown increased levels of airborne particles. Metals like Cr, Cu,
Zn an Pb are involved in the components of these particles. These air
pollutants are deposited on soils by the wind in dried seasons or by the
rain in rainy seasons. Organism present in soils like earthworms can be
exposed to these metals by ingestion or by contact with their skin. The
aim of this work was to identify the levels of different metals present in
superficial soils and the relationship with the levels of metals present in
tissues of earthworms incubated in these soils. 13 Samples of surface soils
from natural areas of MZTV where collected during dried and rainy
season and taken to laboratory to determine physicochemical tests and
metal content of Fe, Cu, Zn, Mn, Ti and Pb by X ray fluorescence and
incubate in one each of them adult earthworms (Eisenia andrei) during 14 days. At the end of this time earthworms were put in a chamber
with moisted paper to egected intestinal content during 3 to 4 h. After
that the earthworms were homogenized and lyophilized to measure the
content of metals (Fe, Cu, Zn, Mn, Ti and Cr) by X ray fluorescence.
Enrichment factor and bioconcentration were determined in soils and
earthworms. Some of metals measured in earthworms like a Fe, Mn,
Cu, and Pb shown a high correlation (p < 0.05) with the levels of these
metals in soil samples, A better correlation were get during rainy season.
The enrichment factor shown that metals in soil samples and earthworms
like Zn, Cu and Pb have an antropogenic origin maybe associated with
industry and high road traffic. In the present study earthworms were
useful to identify the principal contaminated areas in MZTV, further
studies should be developed using native earthworms to corroborate
these results.
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Epigenetics for Environmental Toxicology
WP031 Environmental stressor-induced transgenerational epigenetic
imprinting underlying sexual reproduction in Daphnia pulex
P. Gong, US Army Engineer Research and Development Center /
Environmental Laboratory; A.J. Kennedy, CEERD-EPR / Environmental
Laboratory; J.D. Goss Laird, US Army Engineer Research and Development
Center / Environmental Laboratory; N. Barker, US Army Engineer Research
and Development Center
Many biological phenomena are controlled not through gene mutations, but rather, through reversible and heritable epigenetic processes.
Epigenetic changes have been observed to occur in response to environmental stressors and exposure to toxicants. In this study, four distinct
Daphnia pulex populations clonal lines were cultured under ideal (20°C,
16h/8h (day/night) photoperiod, abundant food supply) and stressed
(15°C, 8h/16h, limited food & crowded) conditions. Over 1.5 years,
very few ephippia were produced under ideal conditions. Triggered by
harsh culturing conditions, three populations produced large amounts
of ephippia in order to mitigate the stress. This observation is in line
with the well-documented environmental sex determination in Daphnia
whose production of sexual versus asexual eggs is environmentally
cued by such factors as photoperiod, temperature, food abundance, and
crowding. In addition, our gene expression analysis using a 60K-probe
whole genome D. pulex array reveals that only a small number of genes
were differentially expressed (DE) between the same population cultured
under stressed and ideal conditions. In the fourth population where
sexual reproduction was not observed, there was no gene differentially
expressed between the two culturing conditions. These results indicate that genes involved in epigenetic regulation of reproduction differ
between populations possessing distinct genotypes with only a few genes
in common. Bioinformatic analysis of the 121 unique DE genes shows
that 45 genes (37%) have meaningful functional annotation (BLASTX
E ≤ 10-6), among which there are genes putatively coding for histone
deacetylase (involved in histone modification), HR97 nuclear receptors
(mediating sexual reproduction), vitellogenin (egg laying), and larval
cuticle protein (cuticle hardening). The comparative epigenetic imprinting status of these DE genes in D. pulex cultured under ideal vs. stressed
conditions warrants further in-depth investigations in order to unveil the
underlying epigenetic mechanisms.
WP032 Early life stage exposure to triclosan in zebrafish affects
genome-wide methylation at base-resolution
E. Falisse, Univ of Namur; A. Chatterjee, I. Morison, Univ of Otago; F.
Silvestre, Univ of Namur
DNA methylation is a dynamic epigenetic mark that contributes to gene
regulation and genome maintenance. It appears mostly on cytosine residues within a CpG context. There are increasing evidences that toxicant
exposure alters methylation profiles and in some extent the modifications
can be transferred to the next generation. So far, epigenetics studies
have mostly focused on mammalian models. However, there is a need
to investigate other animal species. In the present study, we analysed for
the first time the effect of triclosan (TCS) exposure on DNA methylation during early zebrafish (Danio rerio) embryogenesis, using Reduced
Representative Bisulfite Sequencing (RRBS) which allows genome-wide
investigation of methylation patterns at single-nucleotide resolution.
First, we exposed newly hatched fish to increasing concentrations of
TCS (0, 50, 100 µg/L) till 7 days post fertilisation (7dpf). Then we
prepared DNA libraries for RRBS experiment as previously described
1. A total of 12 RRBS libraries (4 replicates per condition each containing a pool of 24 larvae) were sequenced using the Illumina HiSeq2000
platform. Differentially methylated fragments (DMF) were identified
using DMAP software 2, the fragments that were covered by at least
10 sequenced reads was retained. DMFs were identified using a p-value
of < 0.05 (with FDR adjustment) and methylation difference of at least
15% between two groups. We identified 33 DMFs between fish exposed
to 50 and 100 µg/L of TCS and 6 fragments between control and fish
exposed to the highest concentration. Among them, we identified 10

fragments overlapping with intronic regions and 4 with exonic regions.
Interestingly, almost 50 % of the fragments belonged to CpG islands
shore. 1. Chatterjee A, Stockwell, PA, Horsfield, JA, Morison, IM,
Nakagawa, S. Base-resolution DNA methylation landscape of zebrafish brain and liver. Genomics Data 2014; 2:342–4. 2. Stockwell PA,
Chatterjee A, Rodger EJ, Morison IM. DMAP: differential methylation analysis package for RRBS and WGBS data. Bioinformatics 2014;
30:1814-22.
WP033 Acute cardiac effects of sublethal injection of benzo-a-pyrene
and 5-azacytidine in juvenile rainbow trout (Oncorrhyncus mykiss)
F. Leal, Univ of Saskatchewan - Toxicology Centre / Veterinary Biomedical
Sciences; L.P. Weber, Univ of Saskatchewan / Toxicology Research Centre
Benzo-a-pyrene (BaP) is a ubiquitous environmental contaminant
that has recently been shown to exert acute cardiotoxicity in fish. BaP
is rapidly metabolized, but has been reported to induce persistent
effects via epigenetic modifications such as altered DNA methylation.
5-Azacytidine (5AZA) is known to inhibit DNA methylation and thus
was used in this study to determine if this epigenetic mechanism plays
any role in acute BaP cardiac toxicity in fish. Juvenile rainbow trout were
injected once daily for 2 consecutive days with control vehicle or BaP
(0.1 and 1 mg/kg) with or without 5AZA (2 mg/kg) in a 2x2x3 factorial
study design, then cardiac ultrasound was performed, followed by fish
euthanasia on days 4 or 7 (n=10 fish/group/time). Liver, heart and red
muscle were collected for analysis of glycogen and triglycerides (TG)
content. Heart rate increased and duration of blood flow through the
atrioventricular (AV) and ventriculobulbar (VB) valves and caudal aorta
decreased with 5AZA alone at Day 4. Velocity of blood flow through AV
valve during atrial diastole decreased with high BaP alone. When 5AZA
was administered with BaP, all values were similar to control. All cardiac
function values in all groups returned to control levels at Day 7. Thus, no
evidence for persistence or potentiation i.e. epigenetic mechanisms playing a role in acute cardiotoxicity was found. In contrast, high BaP alone
resulted in increased of TG content in heart while high BaP with 5AZA
induced an increase in TG content in liver and muscle at day 4. At day
7, all TG values had returned to control levels; therefore, no evidence of
persistence of effects was noted for this end-point. Lastly, BaP alone and
5AZA alone induced persistent depletion of glycogen storages in muscle
and liver, respectively. An interaction between BaP and 5AZA resulted
in persistently increased glycogen storages in the heart, but depletion of
glycogen in the muscle only at day 7. Taken together, trout underwent
a shift towards more aerobic metabolism as evidenced by the reduced
glycogen, but increased TG stores in liver and muscle after exposure to
BaP, with DNA methylation playing a role in this response. This greater
reliance on glycogen as an energy source may pose a threat to the survival
of the trout given that utilization of TG is far more metabolically advantageous for long-distance swimming.
WP034 The self-fertilizing mangrove rivulus, Kryptolebias marmoratus: A new model vertebrate species in ecological epigenetics and
aquatic ecotoxicology
F. Silvestre, Dept of Biology; A. Voisin, A. Fellous, M. Locrel, F. Zaoui,
T. Labed-Veydert, E. Flamion, J. Dorts, E. Falisse, Univ of Namur; R.L.
Earley, Univ of Alabama
The mangrove rivulus, Kryptolebias marmoratus, is a small cyprinodontiform fish native from the mangrove ecosystems of Florida, the
Caribbean Islands, Central and South America. It presents a great
capacity to withstand the extreme and constantly fluctuating environmental conditions that define mangrove ecosystems, and is characterized
by a high level of phenotypic plasticity. However, its most interesting
feature is its unique ability for a vertebrate to self-fertilization. In natural
populations, hermaphrodites coexist with a low proportion of males
(androdioecy). Selfing has resulted in populations composed of distinct
homozygous and isogenic strains with a variety of identifiable phenotypes. Using rivulus as a model species to study phenotypic plasticity
permits the construction of “true” reaction norms by reducing genetic
noise within lineages, and the comparison of reaction norms among
lineages. Moreover, this species is easily reared in laboratories and has a
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life cycle of 3 to 4 months, which is advantageous for transgenerational
experiments. Predicting the effects of global changes and pollutants on
wild organisms necessitate to understand how species can use phenotypic plasticity in response to environmental stressors. Epigenetics,
defined as the study of mitotically and/or meiotically heritable changes
in gene function that cannot be explained by changes in DNA sequence,
is an interplay of molecular mechanisms controlling gene expression,
and thus the phenotype. Studying epigenetics responses to pollutants
within and among rivulus strains will permit to investigate the role of
epigenetics in rapid form of adaptive evolution. Here we present the
first results of developmental plasticity induced by a chronic exposure to
17-α-ethynylestradiol in rivulus early life stages, and the role of DNA
methylation in driving this plastic response. Preliminary data show
values between 77% and 80% of CpG methylation in hermaphrodite
ovotestis, in brain and in whole larvae, while a value of 87% is reported
in male testis.

Antibiotics in Agricultural Ecosystems: Fate,
Treatment, Analysis and Ecological Effects
WP035 Fate of antimicrobials and antimicrobial resistance genes
after land application of swine manure slurry
S. Bartelt-Hunt, S. Joy, Univ of Nebraska-Lincoln / Civil Engineering; B.
Soni, R. Barrios, X. Li, Univ of Nebraska-Lincoln; J. Gilley, US Dept of
Agriculture; D.D. Snow, Univ of Nebraska / School of Natural Resources; D.
Marx, Univ of Nebraska-Lincoln
Livestock wastes generated from confined animal feeding operations
(CAFOs) represent a major source of antimicrobials and antimicrobial
resistance genes (ARGs) in the environment when these wastes are
applied to land. In this study, we investigated the influence of various
land application strategies on the fate and transport of antimicrobials and
ARGs after land application of swine manure slurry. We also investigated the potential for antimicrobial and ARG removal from runoff in
the presence of a narrow grass hedge. Finally, we evaluated the influence
of rainfall timing relative to manure application. Manure was applied
and rainfall simulation experiments were performed at 1 week, 2 week
or 3 week intervals to evaluate if degradation processes at the soil surface
would reduce antibiotic or ARG occurrence in runoff. We determined
that broadcast (surface) application resulted in higher antmicrobial and
ARG concentrations in runoff, but runoff concentrations were reduced
when runoff passed through the narrow grass hedge. Finally, our initial
results indicate that increased timing between manure application and
rainfall may lead to reduced antimicrobial concentrations in runoff, however ARG concentrations were not influenced by the timing of rainfall.

Antidepressants and Perfluorochemicals:
Divergent Chemistries, Convergent
Environmental Persistence and Effects
WP036 Quantitation of Per-and Polyfluoroalkyl Substances on
Consumer Products by LC-MS/MS, Total Oxidizable Precursor
Assay & Confirmation by Total Fluorine
A. Robel, Oregon State Univ / EMT; G. Peaslee, Hope College / Chemistry;
A. Stone, Washington Dept of Ecology; J. Field, Oregon State Univ / Dept of
Environmental and Molecular Toxicology
Perfluorooctane sulfonate (PFOS) and perfluorooctanoate (PFOA)
garner a disproportionate amount of attention when attempting to
define human exposure to per- and polyfluoroalkyl substances (PFASs).
Current attention is shifting towards capturing the full array of PFASs
to which humans are exposed and, in particular, to identifying PFASs
associated with consumer products and packaging. The Washington
Dept of Ecology purchased more than 350 consumer products that
include paper/packaging, fabrics, and other solid materials (e.g., plastics,
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foams, etc) in the state of Washington. All samples were analyzed for
total fluorine by particle-induced gamma-ray emission (PIGE) spectroscopy, while a smaller subset were analyzed for 70 individual PFASs
using liquid chromatography tandem mass spectrometry (LC-MS/
MS) and by the total oxidizable precursor (TOP) assay. PIGE is a new,
high-throughput technique that measures total fluorine on surfaces.
The TOP assay provides a measure of total fluorine, as indicated by the
sum of dead-end perfluoroalkyl carboxylates and sulfonates formed
from polyfluorinated precursors upon oxidation. Good agreement was
obtained between PIGE and the TOP assay for individual samples.
Although both assays aid in defining the total mass of highly-fluorinated
substances on consumer materials, PIGE is an inexpensive technique
compared to the TOP assay. The sum of individual PFASs measured by
LC-MS/MS typically was a small (5-10%) fraction of the total fluorine
as measured both by PIGE and the TOP assay. The remaining unknown
individual PFASs must be identified in order to close the mass balance
on highly-fluorinated substances on materials in the marketplace and to
inform human exposure to PFASs more fully. All data from the project
are available to the public on the Washington State Dept of Ecology’s
open-access database.
WP037 From Chemistry to the Environment - A Prospective
Analysis of the Research into Environmental Hazards of and
Exposure to PFASs in the Next Decade
Z. Wang, Swiss Federal Institute of Technology / Inst for Chemical and
Bioengeneering; I. Cousins, Stockholm Univ / Dept of Environmental
Science and Analytical Chemistry ACES; K. Hungerbuehler, ETH Zurich /
Inst for Chemical and Bioengineering; M. Scheringer, ETH Zurich / Inst of
Sustainable and Environmental Chemistry
Poly- and perfluoroalkyl substances (PFASs) are a large family of
anthropogenic chemicals that have been used in various industrial and
consumer applications since the 1950s. Among PFASs, perfluoroalkyl
acids (PFAAs) and their precursors have attracted most attention. Built
on extensive research on their physicochemical and hazardous properties, exposure and occurrence, and adverse effects since 2001, long-chain
PFAAs have been recognized as global contaminants of high concern
due to high persistence, bioaccumulation potential, toxicity and longrange transport potential. Consequently, control actions are in place
to reduce the exposure to long-chain PFAAs and precursors on the
national, regional and global scale. These actions have led to an ongoing industrial transition from long-chain PFASs to non-fluorinated, but
also fluorinated alternatives. Among others, two groups of fluorinated
alternatives have been identified, namely [i] shorter-chain homologues of
long-chain PFAAs and their precursors, and [ii] perfluoroether carboxylic and sulfonic acids (PFECAs and PFESAs). Our recent analyses
show that despite years of research using extensive resources, knowledge
about PFASs is still limited and focused on long-chain PFAAs and
a small selection of their precursors. Evidence on fluorinated alternatives, in contrast, is very limited; it is, however, sufficient to indicate
that fluorinated alternatives may also be problematic to the environment
and human health. In order to accelerate the research into fluorinated
alternatives in the next decade, here we conduct a prospective analysis to
capture an overall picture and identify knowledge nodes that are critical
for understanding the environmental hazards of and exposure to these
substances. In brief, we establish a matrix to systematically evaluate
information on fluorinated alternatives during their life-cycle (chemical
identity, production, use and disposal) against general principles of relevant disciplines (including chemistry, biology, environmental chemistry,
(eco)toxicology, and so on) and specific knowledge and lessons learned
about PFASs (e.g., isomer profiling, protein-binding nature, toxic mode
of action, etc.). Based on our analysis, we recommend a set of systematic,
guiding hypotheses (e.g., a map of industrial and domestic hot spots, etc.)
to be considered in future studies.
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WP038 Locomotion, anxiety, and feeding behavior changes as a
result of PFOS, PFNA and PFOA exposure to embryonic zebrafish
(Danio rerio)
C.E. Greenfield, Rutgers Univ / Environmental Science; K. Annunziato,
Rutgers Univ / Toxicology; K.R. Cooper, Rutgers Univ / Dept of
Biochemistry and Microbiology
Polyfluorinated compounds (PFC) are a class of anthropogenic, persistent and toxic chemicals. PFCs are detected worldwide and consist
of fluorinated carbon chains of varying length, terminal groups, and
industrial uses. Previous zebrafish studies in the literature as well as our
own studies have shown that exposure to these chemicals at a low range
of concentrations (0.02 uM – 2.0 uM) resulted in chemical specific
developmental defects and reduced post hatch survivorship. It was
hypothesized that sub-lethal embryonic zebrafish exposure to PFOS,
PFNA, or PFOA will result in different responses in regards to both
larval and adult swim activity and behavior. Zebrafish were exposed
to PFOS, (2.0 µM; 1 ppm), PFOA (2.0 µM; 820 ppb), and PFNA
(2.0 µM; 920 ppb) for five days post fertilization and then moved into
system water until two weeks post fertilization. PFNA exposure resulted
in a significant increase of total body length, while PFOA showed a
significant decrease and PFOS resulted in no significant difference. In
larval zebrafish, swimming velocity was significantly increased after
PFOA and PFNA exposure. The total swimming distance traveled and
the frequency of swimming of crossing the middle of the swim area was
significantly increased in PFOS and PFNA. All PFCs studied showed
a significant increase in feeding activity. In a light/dark test for anxiety,
both PFOS and PFOA exposed adult zebrafish spent longer amounts
of time in the illuminated area of the tank. PFOS, PFNA, and PFOA
exposure using a modified OECD 212 exposure protocol resulted in significantly altered responses in terms of locomotion, feeding, and anxiety
behavior endpoints, with PFNA being the most toxic, followed by PFOS
and then PFOA. (NJAES 01201, NJWRRI)
WP039 The role of oatp transporters in the uptake of perfluorinated
compounds into embryonic zebrafish (Danio rerio)
K. Annunziato, Rutgers Univ / Joint Program in Toxicology; C.E.
Greenfield, Rutgers Univ / Environmental Science; K.R. Cooper, Rutgers
Univ / Dept of Biochemistry and Microbiology
Perfluorinated compounds (PFCs) are ubiquitous environmental contaminants that arise from multiple chemical processes. These compounds
are resistant to degradation and, as a result, have been found to accumulate in biological tissues. PFCs, such as perfluorooctane sulfonate
(PFOS), perfluorononanoic acid (PFNA) and perfluorooctanoic acid
(PFOA), have been shown to alter development in zebrafish as well as
in mammalian models. Preliminary data from our lab suggest that short
chain PFCs, specifically perfluoro-1-octanol (6:2 FTOH), perfluorohexanoic acid (PFHxA), and perfluorohexane sulfonate (PFHxS) also
induce toxic effects in embryonic zebrafish. It is hypothesized that both
chain length and terminal group influence not only the extent of toxicity, but also the selective influx through the organic anion transporting
polypeptide (oatp/slco) transporters. Mammalian studies have shown
PFOA and PFOS to act as inhibitors and agonists, respectively, to the
oatp transporters. In zebrafish, Oatp1d1 functions in the transport of
steroid hormones. Similarly, Oatp2b1 functions in the transport of steroids, but it has also been shown in mouse models to facilitate the uptake
of sulfonated xenobiotic conjugates into the liver. Zebrafish embryos
at 3 hours post fertilization were exposed to 2.0 µM PFOA (820 ppb),
PFOS (1000 ppb), PFNA (920 ppb), PFHxA (630 ppb), PFHxS (880
ppb), and 6:2 FTOH (730 ppb) for five days. Gene expression of the slco
transporters was examined in these samples. Embryos reared in 2.0 µM
FTOH, PFHxA, PFHxS, PFOA, and PFOS had a significant upregulation of slco2b1 expression. There was no change in slco2b1 expression
in the PFNA treated embryos. Only embryos reared in PFOS treatment showed a significant increase in slco1d1 expression. There were no
significant changes in slco1d1 expression in the other treatment groups.
The ability and efficiency of slco2b1, slco1d1, and additional candidate
transporters to function in PFC uptake will be examined in vitro using a
zebrafish hepatocellular model.

WP040 Chronic exposure to fluoxetine (Prozac) and norfluoxetine
affects the development of Chironomus riparius
R.L. Webb, H. Barton, Univ of Pittsburgh at Johnstown / Dept of Biology;
C.A. Kinney, Colorado State Univ–Pueblo / Dept of Chemistry; A. May,
Univ of Pittsburgh at Johnstown / Dept of Biology; S. Bertsch, Univ of
Pittsburgh at Johnstown / Dept of Psychology
Depressive, anxiety, and eating disorders are among the leading causes
of individual disability in the United States. Approximately half of those
prescribed an antidepressant were given a selective serotonin reuptake
inhibitor (SSRI), such as Prozac (fluoxetine, FLX). FLX has recently
been identified as an aquatic contaminant in surface waters receiving
municipal effluent with levels reaching 1.4 ppb. FLX in the water may
be due to the fact that 20-30% of FLX is excreted unchanged and is
incompletely removed from municipal wastewater during treatment.
Norfluoxetine (NFLX), a FLX metabolite, is also excreted and incompletely removed from municipal wastewater. When present in waterways,
FLX and NFLX adsorb to sediment due to their lipophilic properties,
with levels of FLX in the sediment as high as 4.7 ppm (NFLX levels in
sediment have not been reported). Several studies have started to test
the effects of FLX exposure on aquatic organisms, including the benthic
macroinvertebrate Chironomidae, and have observed conflicting effects
on reproduction, development and gene expression. There has been
limited research on NFLX’s effect on aquatic organisms, even though it
is thought to be more biologically active and has a longer half-life than
FLX. Our research focuses on the effects of chronic exposure to varying
concentrations of FLX or NFLX on Chironomus riparius, expanding on
previous studies by examining changes in emergence timing, survival,
and mouthpart deformities in laboratory studies. We have found that
both FLX and NFLX negatively affect survival and increase the number
of mouthpart deformities, in concentration ranges of 5-18 ppm of FLX
and 1-6 ppm of NFLX. NFLX specifically reduces emergence timing and reproduction, where FLX does not, within these concentration
ranges. We are currently evaluating the bioaccumulation of FLX and
NFLX in both larvae and adults, to determine if there is the potential for
transmission to other aquatic and terrestrial organisms following ingestion of the aquatic larvae or terrestrial adult insects. Continued analysis
of the effect of antidepressant contamination on ecological integrity will
influence water quality regulations. Undergraduate students will continue to assess Chironomus riparius in the laboratory to analyze the effect
of other aquatic or sediment contaminants or combination of contaminants in the future.
WP041 Age matters: Developmental stage influences behavioral
response thresholds of Danio rerio larvae exposed to diphenhydramine
or diazinon
L.A. Kristofco, S. Haddad, Baylor Univ / Environmental Science; B. Du,
Univ of Washington / Environmental Science; B.W. Brooks, Baylor Univ /
Dept of Environmental Science
River and stream flows in the south central and southwestern US are
increasingly influenced by urbanization, population growth, and climate
change. Because flows of many of these aquatic systems are dominated
by or dependent on effluent discharges from wastewater treatment plants,
aquatic organisms are continuously exposed to a variety of antidepressants, other pharmaceuticals and consumer products across life history
stages. Some of these compounds have undergone basic toxicology
screening; however, with an increased emphasis on embryonic zebrafish and High Throughput Screening (HTS) assays, we must understand
the opportunities and limitations associated with new testing strategies.
Building on our recent studies of standardized endpoints in zebrafish, we
employed the Fish Embryo Test (FET; OECD 236) at multiple developmental ages to evaluate whether behavioral responses differed among
developmental windows of zebrafish following exposure to diphenhydramine (DPH), an antihistamine that also targets serotonin reuptake
transporters and the acetylcholine receptor, and diazinon (DZN), a wellstudied organothiophosphate insecticide. 72h studies were conducted
at 1-4, 4-7 and 7-10 days post fertilization (dpf), followed by behavioral
measures using a ViewPoint system at 4, 7 and 10dpf. These behavioral
observations consisted of 50 minute observations, divided into a 10
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minute dark acclimation period followed by two cycles of 10 minutes
light, 10 minutes dark. Distance traveled, duration active and number of
transitions between speed thresholds were quantified. We hypothesized
that locomotion would be differentially affected in an age dependent
manner. Additionally, we hypothesized that DPH would act similarly
to selective serotonin reuptake inhibitors (SSRIs), decrease anxious
behavior and increase locomotion during light periods relative to control,
while DZN would disrupt cholinergic signaling and result in increased
locomotion in both the light and dark periods. 10 dpf zebrafish larvae
were consistently more sensitive to DPH and DZN than either the 7 or
4 dpf larvae. Interestingly, DPH significantly decreased behavior under
dark, but not light, conditions. However, DZN significantly decreased
locomotion during both the light and dark periods. Our observations
highlight the importance of understanding age-specific hazards of contaminants with serotonergic and cholinergic activity.

of vessels at the start and the end of the test indicated that a significant
amount of material was lost by abiotic means in the 301B test. This was
attributed to the aeration stripping the test substance from the water. The
301F test was found to limit such losses. Based on these findings, the
testing of GTL solvents followed a similar methodology. GTL solvents
consist predominantly of n-alkanes and simply branched isoalkanes. This
suggests they would be particularly susceptible to biodegradation based
on the generally accepted view that hydrocarbon classes can be ranked
in the following order of biodegradability: n-alkanes > branched alkanes
> low-molecular-weight aromatics > cyclic alkanes. For comparison
purposes a series of tests was conducted, including hydrocarbon solvents
derived by other means. The results of these studies are used to draw
conclusions about the biodegradability of hydrocarbon solvents relative
to one another. In addition, the challenges associated with measuring biodegradability using the currently accepted methods are further
illuminated.

Biodegradation and Environmental Fate of
Chemicals – Regulatory Acceptance of NonStandard Tests

WP044 Proposed Modifications to the OECD 306 Seawater
Biodegradation Screening Test
T. Martin, Newcastle Univ / School of Civil Engineering and Geosciences;
J. Snape, AstraZeneca UK Ltd. / AstraZeneca Global Environment; G.
Whale, Shell Health / Shell Health Risk Science Team; B. Rowles, Cefas; M.
Galay-Burgos, ECETOC; R.J. Davenport, Newcastle Univ / School of Civil
Engineering and Geosciences
Biodegradation screening tests (BSTs) were designed to be relatively
straightforward, easy to interpret, measures of biodegradation, suitable to
screen out chemicals which undergo rapid mineralisation in all environments through routine use. Recently, however, regulatory concerns have
developed at a faster rate than BSTs, highlighting an emerging need for
more reliable, robust screening tests, capable of characterizing environmental persistency of chemicals. Currently, BSTs are notoriously prone
to high levels of variation between replicate, test and testing facility and
produce a large number of false negatives, whereby chemicals fail a test
not necessarily because they are poorly biodegradable but rather because
the test itself has failed. In the Registration, Evaluation, Authorisation
and restriction of CHemicals (REACH) guidelines a number of modifications and enhancements to existing BST methods have been made
to improve their robustness. These amendments were largely based on
improved understanding of the biological aspects of such tests, focusing
on bioavailability and toxicity issues as well as providing a more environmentally realistic test inoculum. Research into the amendments to BSTs
proposed under REACH will be presented, including recommendations
for inoculum cell concentration, test volume and test duration. These
amendments were validated for activated sludge and marine screening
tests using a group of chemicals with varying environmental persistence.
Although modifications and enhancements to BSTs are accepted in
principle for REACH these are not currently considered by OSPAR for
the OECD 306 marine screening test which is used in the evaluation of
chemicals used offshore. Our research highlighted that deficiencies do
exist in the marine BST and this acted as a catalyst to hold a workshop
to discuss improvements to the OECD 306 test at the CEFAS laboratories (Lowestoft, UK) in February 2015. Our presentation will provide
a summary of the workshop recommendations, including information
pertaining to an upcoming ring test of the marine BST revisions.

WP042 Improving biodegradation of low solubility chemicals: What
can we do?
C. Mead, Ecotoxicology Dept
Many of the biodegradation tests used for the routine assessment of the
biodegradability and persistence of organic chemicals in the environment
were developed a number of years ago using ‘ideal’ chemicals e.g., readily
water soluble, non-volatile. The OECD 301 A – F series of tests are one
such example of these routine tests that have become mainstays in many
regulatory schemes and the results of these tests may be used for hazard,
risk and persistency assessment. Due to the widespread acceptance of
test data from such studies it has become more important over the years
to show that biodegradation occurs in these standard tests, however it
has long been accepted that limited bioavailabllty of poorly water soluble
organic compounds can lead to lower than expected biodegradability.
Guidance documents such as ISO 10634 and REACh R7b along with
published research give examples of a number of techniques that can
be utilised to increase the bioavailability of such compounds. In this
presentation a summary of several of the techniques employed in regulatory biodegradation tests and the influence that they can have on the
biodegradation of low solubility chemicals is given.
WP043 Investigation into the biodegradability of various hydrocarbon solvents
C. Hughes, Shell International Limited / Shell Health; G. Whale, Shell
Health / Shell Health Risk Science Team; D. Lyon, Shell Oil Co. / Shell
Health; C. Mead, Ecotoxicology dept
Hydrocarbon solvents are petrochemicals used in a wide range of industrial and consumer applications globally. These products consist of many
different hydrocarbon constituents and are described as UVCB substances. They are most commonly derived from the processing of crude
oil, but other variaties, such as synthetic ‘isoalkanes’ and solvents derived
by the Fischer-Tropsch, or ‘Gas-to-Liquid’ (GTL) process, also exist.
Although different solvents may share similar peformance properties
and be used in similar applications, their composition varies depending
on the origins of the substance. In this presentation studies have been
undertaken to assess whether compositional changes are reflected in the
biodegradability of solvents. The OECD 301 A-F series of tests are currently used to assess the ready biodegradation of chemicals in freshwater.
The results of these tests are used extensively both within a regulatory
context and to support marketing claims on product biodegradability.
However, they have their limitations, particularly when they are used
to assess the biodegradation of complex and/or poorly water soluble
substances. Previous investigations into the biodegradability of GTL
fuel and base oil have highlighted these issues. The 301F method was
identified as better suited for testing GTL products than 301B. Analysis
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WP045 Putting the “bio” back into biodegradation: The Proposed Use
of High Throughput Screening Methods in Chemical Biodegradation
Assessment
T. Martin, Newcastle Univ / School of Civil Engineering and Geosciences;
J. Snape, AstraZeneca UK Ltd. / AstraZeneca Global Environment; R.J.
Davenport, Newcastle Univ / School of Civil Engineering and Geosciences
The introduction of the Registration, Evaluation, Authorisation and
restriction of CHemicals in 2007 tasked the chemical industry with
providing Persistency, Bioaccumulation and Toxicity (PBT) data for
all new and existing chemicals produced in volumes greater than 100
tonnes per annum. At present, there are estimated to be more than
100,000 commercially active substances available in the EU, with similar
numbers registered in the US and Japan. Previous legislation placed a
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burden of proof upon producers and importers of chemicals to provide
evidence detailing the ecotoxicological and environmental fate effects of
their chemicals. This legislation, however, only applied to ‘new’ chemicals introduced to market after 1981, which accounted for approximately
4,000 chemicals, less than 4% of all commercially available products. At
present, ready biodegradability tests (RBTs) form the first tier of biodegradation screening tests (BSTs), they are relatively low cost and easy to
interpret but have low predictive power, are notoriously highly variable
and produce a large number of false negatives which lead to unnecessary, more resource intensive, higher tier assessments of chemicals which
are inherently biodegradable. Standard RBT analytical methods are
largely unsuitable for high-throughput application, limiting the number
of replicates and inoculum sources used in a biodegradation test. This in
turn severely limits the ability to effectively highlight those chemicals
which are liable to persist and pose the greatest threat to the environment, from the vast number undergoing registration. The requirement
within REACH to provide risk data for all new and existing chemicals
highlighted the need for a robust, reliable, high throughput biodegradation screening test (HT-BST) to accurately and rapidly provide
environmental persistency data for the thousands of chemicals being
registered. The development and validation of an HT-BST intended to
rapidly characterize chemicals based on their environmental persistency
will be presented, the role of HT-BSTs alongside existing standard testing methods will be discussed and ongoing efforts to develop low cost,
robust, universal HT-BSTs will be communicated.
WP046 Simulation studies to evaluate surfactant biodegradation
rates and their degradation pathways in sewer systems: Application of
the OECD 314A
J. Menzies, The Procter & Gamble Co. / Environmental Stewardship and
Sustainability Organization; K. McDonough, P&G / Environmental
Stewardship; D.C. McAvoy, Univ of Cincinnati / Environmental
Engineering; T. Federle, The Procter & Gamble Company / Environmental
Stewardship and Sustainability
Limited data has been published on the biodegradability of chemicals
in sewer systems and to date regulators have not clearly defined the role
of the sewer as an environmental fate compartment in exposure assessments for down-the-drain chemicals. The recently established OECD
314 guideline (2008) evaluates the fate of down-the-drain chemicals and
contains a method (314A) for evaluating the fate of chemicals in sewers.
This research used the OECD 314A to obtain biodegradation rate and
pathway information on a suite of high volume surfactants including
homologues of alkyl ethoxylate (AE), alkyl ethoxysulfate (AES), alkyl
sulfate (AS) and linear alkyl benzene sulfonate (LAS). In this test, trace
levels of 14C labeled test materials were incubated in raw wastewater
at 15 C while the dissolved oxygen in the system was maintained at
0.5 mg/L. Test results provided first-order kinetic rates for primary
degradation and pathway information based on RAD-TLC analysis of
metabolites. These rates were used to estimate surfactant half-lives in
the sewer. AS degraded quickly and has an estimated half-life of 1 min,
whereas LAS degraded slower and resulted in a half-life of 27 hours.
Comparison of C12, C14, and C16E3 showed that AE half-lives ranged
from 6 minutes for C12E3 to 1.5 hours for the longer alkyl chain length
C16E3. Conversely, comparison of C14E1, 3, and 9 showed that the
number of ethoxylates does not have a measureable effect on the biodegradation rate. For AE, the higher number of ethoxylate groups increased
the preponderance of fission of the central ether compared to alternative
pathways such as oxidation of the alkyl or ethoxylate chains. For AES,
a comparison of homologs with 14C labels in different locations showed
that biodegradation begins with fission of the central ether followed
by rapid mineralization of the resulting alcohol through both ë and
β-oxidation and slower mineralization of the resulting sulfated polyethylene glycol. Ultimately, this test method and the data it generates can
be used to improve exposure assessments for down-the-drain chemicals
including these surfactants as well as any labile material.

WP047 Impact of sediment particle size on biotransformation of
17β-estradiol and 17β-trenbolone
Y. Zhang, S. Bartelt-Hunt, Univ of Nebraska-Lincoln / Civil Engineering
Particle size effect on the sorption of organic contaminants in aquatic
systems has been well documented, yet its impact on biotransformation
is not fully understood. Steroid hormones cause reproductive problems
in aquatic organisms even at environment-relevant concentrations.
Attentions are paid to the transformation rates and metabolites of steroid
hormones which determine the persistence of steroidogenic activities.
Microcosm studies were conducted to investigate the biotransformation
kinetics of 17β-estradiol and 17β-trenbolone in sediment fractions of
varied sizes. A sandy sediment and a silt loamy sediment were collected
and fractionated into sand, silt, and clay using wet sieving and repeated
sedimentation techniques. Steroids and their metabolites were analyzed
using microwave-assisted solvent extraction coupled to gas chromatography mass spectrometry. Results showed that degradation of 17β-estradiol
and 17β-trenbolone followed the second order kinetics in sandy sediment
probably due to limited nutrients and carbon sources while it fitted the
first order better in silt loamy sediment. Under either nutrient conditions, smaller transformation rates were associated with small particles
(silt and clay) although greater microbial activities were observed in these
fine fractions. This might be attributed to less availability to microbes of
sorbed compounds or smaller oxygen transfer rate. Primary metabolites,
estrone for 17β-estradiol and trendione for 17β-trenbolone, were also
more persistent in fine fractions. This study highlights soil/sediment particle size could be an important parameter in modeling and predicting
the fate of steroid hormones in the environment and should gain more
attention in risk assessment of steroid hormones.
WP048 Measurement of hydroxyl radical rate constant for sulfurcontaining polycyclic aromatic hydrocarbons
P. Saranjampour, K. Armbrust, Louisiana State Univ / Environmental
Sciences School of the Coast and Environment
Understanding the processes impacting the rate of polycyclic aromatic
hydrocarbon (PAH) degradation in the environment allows a more accurate assessment of their environmental fate, impacts, and transportation
in the air, water column and sediments. It will also facilitate more accurate risk assessment and corresponding risk management decisions after
catastrophic environmental disasters such as crude oil spills. PAH oxidation by hydroxyl radical is reported to be the major degradation pathway
of polycyclic aromatic hydrocarbons in the air and aquatic systems after a
crude oil spill. To assess the degradation potential of polycyclic aromatic sulfur-containing hydrocarbons (PASHs), a component of PAH
mixtures, by this route, hydroxyl radical rate constants of representative compounds were measured using a competition kinetics method.
Hydroxyl radical was generated using UV/H2O2 system. The selected
PASHs were dibenzothiophene (DBT), and its alkylated homologous,
C1- DBT, C2-DBT (dimethyl-), and C4-DBT (diethyl-). DBTs rate
constants were measured against acetophenone as a competitor in two
solutions, water and phosphate buffer pH =7. The rate constants of DBT,
C1- DBT, C2- DBT and C4- DBT in water were 1.2 × 1010 ± 5.0 × 109,
1.9 × 1010 ± 2.5× 109, 4.9 × 109 ± 6.1× 109, and 7.7 × 109 ± 2.6 × 109
M-1S-1, respectively. The rate constants of DBT, C1- DBT, C2- DBT
and C4- DBT in phosphate buffer were 1.1 × 1010 ± 1.4 × 108, 2.0 ×
1010 ± 4.7× 109, 5.9 × 109 ± 1.4× 109, and 3.5 × 109 ± 1.0 × 109 M-1S-1,
respectively. These rate constant are in good agreement to the estimated
rate constant by EPIWEB 4.1. The measured rate constant of DBT is
very close to the reported values in the literature. No direct photolysis
was observed for DBTs. The degradation rate of DBTs in water and
phosphate buffer in the dark was measured. Percent remaining of DBT,
C1- DBT, C2- DBT and C4- DBT in water after 10 hours were 80,
67, 71, and 72, respectively. Percent remaining of DBT, C1- DBT, C2DBT and C4- DBT in phosphate buffer after 10 hours were 79, 68, 31,
and 35, respectively.
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Exploring the Intersection Between
Ecosystem Ecology and Ecotoxicology:
Recent Advances, Pitfalls and
Recommendations
WP049 Reassessing Duration and Frequency Components of Aquatic
Life Criteria
M. Elias, USEPA; J.R. Justice, Ball State Univ / Office of Water
Aquatic life water quality criteria establish a chemical concentration
(magnitude) that is averaged over a given time period (duration) and
should not be exceeded more than the allowable number of times during
a specified time period (frequency). Duration and frequency assumptions
to date have been uniform across all aquatic life criteria and are based
on supporting literature and assumptions presented in the 1985 Water
Quality Criteria Guidelines. These guidelines state criteria duration
should be based on time periods that are “substantially less than the
lengths of toxicity tests.” An acute duration of 1 hour and chronic duration of 4 days were accordingly established from test durations of 48-96
hours and 20-30 days, respectively. The currently accepted exceedance
frequency was defined as once every 3 years based on available case studies documenting ecosystem recovery time. The EPA Office of Water is
reviewing relevant literature published since 1985 to reassess duration
and frequency assumptions. This re-evaluation considers chemical, biological, and physical parameters that vary by both pollutant and aquatic
ecosystem, which in turn can influence both organismal and ecosystemlevel effects and recovery rates. Examples of the parameters considered
include physicochemical characteristics of the pollutant class (ionic,
organic, metal), which can determine environmental persistence and
residual toxicity; bioaccumulation potential, which can increase chemical
residence time and residual toxicity; and ecological variables including
reproductive strategies, generational times, and proximity to unaffected
source populations, which can affect the time to recovery. The influence
of these variables on duration and frequency assumptions are considered
along with implications of these variables on protectiveness and the
development of future aquatic life criteria.
WP050 Environmental changes in the Baltic Sea affects fish health
N. Hanson, EnviroPlanning / Dept of Biological and Environmental
Sciences; Å. Larsson, Univ of Gothenburg / Dept of Biological and
Environmental Sciences; L. Förlin, Univ of Gothenburg
In Sweden, a program for integrated coastal fish monitoring has been
performed at four coastal reference sites for more than 25 years. The
fish status is assessed to detect effects of pollutants or other stressors in
the coastal environment. The monitoring program includes measurements of contaminants, physiological and biochemical measurements
(biomarkers), and fish community assessment. All of the sites show
“early warning” signs for impaired health status for the two species. For
example a 30% reduction of gonad size has been observed in female
perch along with a five fold increase in EROD activity (indicates
increased exposure to dioxin-like chemicals). There are also indications
of increased blood glucose and calcium levels, changed lymphocyte
number and oxidative stress. To understand the causes of the changes,
contaminant concentrations and environmental and ecological factors
were analysed and compared to the observed changes in fish health.
Furthermore, stable isotopes were analysed to examine possible changes
in feeding. These results show that although most analyzed contaminants
are decreasing in the area, there are also a few that have been increasing
during the past 10 years, e.g., mercury and PCB-153. The health effects
correlate significantly to a period with increasing occurence of several
species of sediment dwelling organisms. Furthermore, the stable isotopes
suggest that perch has shifted towards more benthic feeding. A probable
explanation is that bioturbation caused by bottom dwelling fauna leads to
the release of contaminants from the sediment. The increased exposure
to contaminants that has been observed is therefore likely to be caused by
changes within the ecosystem rather than due to increased discharges of
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contaminants to the Baltic coast. The results highlights the need for integrated monitoring and assessment where concentrations of contaminants,
health of organisms and ecological changes are analyzed together.
WP051 Freshwater mussels alter mercury contamination of aquatic
consumers
B.N. Tweedy, Oklahoma Biological Survey / Biology; C.C. Vaughn, Univ of
Oklahoma / Biology
Freshwater mussels are an important part of many freshwater ecosystems
throughout North America. Mussels drive many significant ecosystem
processes in lakes and rivers that link the water column and sediments,
such as the conversion of mercury (Hg) found in sediments into highly
toxic methylmercury (MeHg) that is released into the water column and
subsequently aquatic food webs. Because of mussels’ important role in
driving ecosystem function, we hypothesized that they regulate the production and/or release of MeHg. We tested this hypothesis with a field
survey and a mesocosm study. We sampled fish and habitat parameters
at sites with and without mussels and measured Hg contamination. We
found no difference in Hg contamination of fish between mussel positive
and negative sites. The follow-up mesocosm study used eight replicates of
none, low (4), medium (10), and high (16) mussel density treatments. We
collected emergent insects and snails for Hg analysis as well as abiotic
parameters. We found significantly higher concentrations of Hg in
snails in tanks with high densities of mussels relative to tanks with a low
density or no mussels. Our results suggest that our already threatened
mussel-driven ecosystems may be more sensitive to Hg contamination
than previously thought.
WP052 Species Sensitivity Distributions (SSDs) for aquatic insects
and metals inferred from recovery trajectories versus traditional
laboratory approaches
C. Mebane, USGS WRD / Water; R.J. Eakins, B.G. Fraser, EcoMetrix;
W.J. Adams, Rio Tinto / Legacy Management
Species sensitivity distributions (SSDs) are commonly invoked in risk
assessment and to set environmental quality standards worldwide. The
assignment of aquatic insects within these distributions has commonly
been based on analyses of databases that are mostly populated with acute
toxicity test results. SSDs have also been inferred from field co-occurrence studies, such as by teasing patterns from species occurrences across a
gradient of disturbed landscape conditions. These field-based distributions
can be complicated by multiple variables, such as influences of chemical
mixtures, habitat, temperature, or hydrologic differences. Here we infer
SSD-like patterns from recovery trajectories of stream macroinvertebrate
species in response to declining metals concentrations (Cu and Co) in
mining-influenced streams. The SSD inferred from recovery patterns for
Cu and aquatic macroinvertebrates suggested that many insect species are
sensitive to Cu and Co at concentrations of about 2 orders of magnitude
lower than concentrations that would be inferred from traditional, shortterm toxicity tests with aquatic insects. Potential causes of the disparities
such exposure scenarios, life stage sensitivity, and competition and dispersal will be discussed. We argue that interpretations of risk associated with
contaminants should consider ecotoxicology (that is, be informed by field
or model ecosystem studies) rather than sole reliance on toxicity testing.

Contaminated Sediment Remediation:
Assessing and Measuring Remedy
Effectiveness
WP053 Models for Remediation Effects in a Mercury Contaminated
River
J.W. Green, DuPont / Applied Statistics Group; J. Flanders, URS
Corporation; A.L. Saulnier, Franklin Company
Mercury pollution of the South River of Virginia has been the subject
of much effort and many papers and presentations over the last fifteen
years. The subject of this presentation is the development of statistical
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models that relate the levels of mercury in surface water, sediment, fish
tissue and other biota to sources of mercury and various environmental
factors influencing the availability of mercury to the river system. A pilot
remediation project has been undertaken as the result of both statistical
and mechanistic modeling. The statistical models that were developed
made possible the prediction of the effects of this pilot remediation work.
That in turn made it possible to develop sampling plans to validate or
refute the predictions and justify or alter plans for further remediation
work. The methodology for developing the complex statistical models
will be presented along with the predicted effects and sampling plans.
Factors that affect mercury levels in the many sampled responses include
floodplain and riverbank mercury levels within various distances above
the sampling points, discharge rate including the effects of storms and
rainfall within various time periods prior to sampling, river characteristics such as gradient, erosion and deposition rates, and extent of
submerged aquatic vegetation, and land use near the river. Results of krig
models for the floodplain and extensive mapping of riverbank mercury
served as some of the input for the statistical models presented. These
models grew out of the extensive collaboration of many people making
up the South River Science Team.
WP054 Criteria for the Selection of Bank Management Areas as Part
of the Mercury Remedy in a Complex River System
J. Collins, C. Mancini, AECOM; R. Davis, Anchor QEA, LLC / Natural
Resources; C. Patmont, Anchor QEA, LLC; N.R. Grosso, E.I. DuPont de
Nemours and Company
Mercury (Hg) releases to the South River, VA, occurred between 1929
and 1950 at a former textile plant in Waynesboro, VA. Historicallyreleased Hg subsequently accumulated in depositional areas along the
river and the floodplain, including the river banks. Changes in hydrology and land use practices have resulted in erosion of these deposits
and remobilization of the associated Hg within the river channel.
Currently, the eroding bank soils with elevated mercury concentrations,
which are the largest single source of mercury to the South River, are
being targeted for remediation. Owing to the size, linear nature and
spatial variability of the river system, the remedial strategy requires
the river system to be divided into manageable segments/areas [Bank
Management Areas (BMAs)] and for the remediation to occur in an
upstream-to-downstream fashion. Phase 1 of the interim remedial measures involves the reach from the former plant to two miles downstream.
The Phase 1 BMAs are identified to primarily maximize the Hg source
control, while minimizing the potentially adverse impacts to sensitive
habitats. This presentation will discuss the approach used to strike the
sought balance. The Phase 1 BMAs within this two mile reach are estimated to contribute 90% of Hg loading to the river reach. Source control
via bank stabilization and habitat enhancement is the primary focus
of interim remedial measures. BMAs were identified using a weightof-evidence (WOE) approach that included bank condition surveys,
review of historical bank erosion measurements, side-scan light detection
and ranging (LiDAR) surveys, hydrological modeling and analytical
sampling for mercury. Additionally, the protection of sensitive habitats,
including mature trees, was also incorporated within the BMA selection and preliminary design process. A discussion of the BMA selection
process will be presented, including the BMA selection criteria (i.e., the
various lines of evidence and the WOE approach).
WP055 Establishing baseline data for short- and long-term monitoring to evaluate remedy effectiveness for a mercury contaminated
sediment system
J. Collins, AECOM; B.J. Reese, URS Corporation; C. Mancini, AECOM;
R.G. Stahl, E.I. DuPont de Nemours and Company / Corp Remediation; J.
Flanders, URS Corporation
Mercury (Hg) release occurred between 1929 and 1950 into the South
River in central Virginia, USA. To mitigate potential human and ecological exposures to Hg, interim remedial measures have been designed
to control bank erosion, an important source of Hg loading to the South
River. Quantitative evaluation of remedy effectiveness will require
metrics that need to be monitored over the short- and long-terms.

Monitoring plans have been developed that build on previous studies
that characterized site conditions, including Hg fate and transport studies, human health and ecological risk assessments, and pilot remediation
projects. The monitoring plans are iterative, can be modified within the
framework of adaptive management, and involve both short- and longterm elements. The short-term (2-10 years) and the long-term (>10 years)
monitoring have similar overall goals, but differ in spatial and temporal
aspects. Short-term monitoring is spatially limited to specific bank areas
and focuses on reduction of bank erosion and mercury loading, whereas
the long-term monitoring applies to the improvements throughout the
whole South River and South Fork Shenandoah watershed. Baseline
data collection for the short-term monitoring began in 2015 and includes
mercury concentrations in abiotic (i.e., sediment and pore water) and
biotic media [i.e. periphyton, Asiatic clam (Corbicula fluminea)] within
individual river bank management areas (BMAs). Bank stability and
ecological functions and values will also be monitored within the BMAs
as part of the short-term monitoring program. Baseline data collection
for the long-term monitoring data began in 2014 and includes mercury
concentrations in representative exposure media for human receptors
(i.e., adult bass, snapping turtles, mallard ducks), aquatic ecological receptors (i.e., sediment, periphyton, mayflies, Asiatic clams), and
terrestrial ecological receptors (i.e., Carolina wren, wolf spiders, earthworms, floodplain soil). This presentation will discuss the specifics of the
monitoring plans (both the short- and the long-term) and how the data
will be used in an adaptive management framework to inform remedial
decision-making, and the need for future monitoring.
WP056 A review of amendments to reduce mercury availability in
sediment
K.M. Bechard, T. Krug, J.M. Conder, Geosyntec Consultants
Remediation treatments to address the risk of mercury in sediment are
primarily limited to capping, dredging, and monitored natural recover,
although in the last few years, sediment amendments that aim to reduce
the availability of mercury and methylmercury have been identified as
a promising cost-effective alternative. For example, iron based amendments to sediment have been shown to reduce concentrations of mercury
and methylmercury in sediment porewater by up to 89%, however, there
have been no experiments to confirm reductions in organism uptake
and evaluate potential adverse effects on organisms. A short list of
these amendment technologies includes activated carbon materials (i.e.,
Sedimite®, bio-char), oleophilic clay (i.e., Organoclay), ion-exchange
resins, thiol-functionalized mesoporous silica, and iron based amendments including zero-valent iron and siderite. This poster provides a
state-of-the-science review of these sediment mercury amendments, with
particular attention on amendment effectiveness in reducing mercury
availability and potential unintended adverse impacts of the amendments to aquatic organisms. The few studies that have evaluated uptake
into benthic invertebrates indicate that most of the amendments are able
to reduce mercury and methylmercury availability. Despite promising
results in reducing availability, there is a general lack of studies exploring
the potential for adverse effects of these amendments to aquatic organisms. Additional research needs should focus on evaluating mercury
availability and the potential for adverse effects using experiments with
benthic invertebrates.
WP057 Predicted effectiveness of activated carbon treatment for field
sediment sites with variable site characteristics
Y. Choi, W. Yang, H. Chung, Seoul National Univ / Civil and
Environmental Engineering
The effectiveness of in-situ activated carbon (AC) amendment to treat
hydrophobic organic contaminants (HOCs) is predicted using an HOC
mass transfer model for ten field sites. By assessing the AC mixing
heterogeneity analyzed from the data obtained at a former pilot-study
site at Hunters Point Shipyard, CA, the field AC mixing heterogeneity is characterized and incorporated in the previously-developed HOC
mass transfer model. Using the upgraded HOC mass transfer model,
the effectiveness of AC treatment is predicted for the ten study sites with
2-3 representative HOCs from each site using the site-specific model
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parameters obtained from the literature. AC doses for the modeling are
determined as 1.5 times sediment total organic carbon contents with an
upper limit of 5 dry wt%. The model predicts that the AC amendment
reduces the pore-water HOC concentrations by more than 80% for 19
of the 25 total simulated cases 3 years after AC deployment and by more
than 95% for 18 of the 25 total cases 15 years after the deployment.
The model-predicted effectiveness shows a weak negative correlation
(R2=0.247 for 15-year effectiveness) with the HOC octanol-water partitioning coefficient (Kow) and positive correlation (R2=0.707 for 15-year
effectiveness) with the effectiveness calculated based on equilibrium
coefficients of sediment and AC. Other studied variables including the
AC dose, TOC and black carbon contents, and the 30-day desorbing
fraction of sediment HOCs does not show correlation with the predicted
effectiveness. This study indicates the use of Kow values and the equilibrium-based calculation as possible means to investigate the feasibility of
in-situ AC amendment at a screening level.
WP058 NCCOS Great Lakes Mussel Watch: Contamination
Monitoring and Assessment for Restoration of the Great Lakes
E. Johnson, NOAA NCCOS CCMA / National Centers for Coastal Ocean
Science Center for Coastal Monitoring and Assessment; K.L. Kimbrough, E.
Davenport, A.P. Jacob, NOAA National Ocean Service / National Centers
for Coastal Ocean Science Center for Coastal Monitoring and Assessment
Contaminant monitoring is a critical component in the adaptive management approach advocated by the International Joint Commission for
the near shore zones of the Great Lakes. NOAA’s National Centers for
Coastal Ocean Science Great Lakes Mussel Watch Program (MWP)
has been monitoring in the Great Lakes since 1992 using dreissenid
mussels as indicator organisms. Through coordination with Great Lakes
Restoration Initiative, the program expanded its monitoring activities
in the region in 2009/2010 to include all US Areas of Concern with the
objective of providing data and information in making sound science
based management solutions for the restoration of AOCs. Under the
Great Lakes Action Plan 1, MWP conducted basin wide baseline assessment of contamination monitoring and conducted several targeted AOC
assessments. The program incorporated newer approaches and techniques
into its traditional chemical monitoring protocol to meet the evolving
environmental challenges. Under the ongoing Great Lakes Action Plan
II, MWP has initiated monitoring contaminants of emerging concern
and assessment of the effects of these emerging compounds on mussel
health. A pilot study to monitor a broad suite of CECs including current use pesticides and associated effects on bivalve health using cellular
biomarkers and metabolomics has been initiated in 2015 in the Maumee
River in Lake Erie. Through numerous collaborations and partnerships
with local, state, federal agencies and academic institutions, MWP is
providing valuable data and information to aid resource managers and
policy makers in making informed management decisions and legislative
actions and contributing to the overall restoration and protection of the
Great Lakes.

Evolutionary and Multi-Generational
Considerations in Ecotoxicology and
Chemicals Risk Assessment
WP059 Acclimation and adaptation by multi-generational exposure to common marine pollutants in the marine copepod Tigriopus
californicus
P.Y. Sun, Univ of Southern California / Biology; B. So, Univ of Southern
California; H.B. Foley, Univ of Southern California / Biological Sciences;
L. Handschumacher, T. Karamanukyan, A. Suzuki, Univ of Southern
California; S. Edmands, Marine Environmental Biology
Multiple generations of exposure can alter chemical tolerances and generate variation among populations with different exposure histories. Two
major contributors to this variation are physiological acclimation and
genetic adaptation, which can have similar phenotypic outcomes such as
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increased chemical tolerance but differ in how long their effects are maintained. Here we use a marine copepod, Tigriopus californicus to examine
the effects of multiple generations of exposure to two common marine
pollutants, copper (Cu) and tributyltin oxide (TBTO). Copepod lines
were exposed to sub-lethal levels of Cu and TBTO for up to 11 generations and then moved into clean conditons for an additional 3 generations.
The average number of surviving offspring was used as the metric of tolerance. Increased Cu tolerance was detected early (generation 3) and was
lost after the copepods were transferred to control conditions. Increased
TBTO tolerance was detected relatively later (generation 7) and was
maintained even after 3 generations in control conditions. We concluded
that tolerance to Cu is consistent with acclimation, a quick gain and loss
of tolerance. In contrast, TBTO tolerance is consistent with adaptation, in
which onset of tolerance was delayed relative to an acclimation response
and maintained in the absence of exposure. These findings illustrate that
long-term exposure can lead to a general increase in chemical tolerance.
However the underlining process responsible, whether it is acclimation
or adaptation, can have significant impact on the onset and maintenance
of tolerance. Additionally, the underlining process also varies between
chemicals. These findings highlight the importance of not only considering prior exposure, but also the underlining mechanism when considering
how a test population may respond.
WP060 Accumulation, elimination, sequestration, and genetic variation of lead (Pb2+) loads within and between generations of Drosophila
melanogaster
E. Peterson, Univ at Albany-SUNY / Biology; D.T. Wilson, Univ at
Albany-State Univ of New York / Biological Sciences; B. Possidente, Skidmore
College / Biology; P. McDaniel, E. Morley, D. Possidente, Univ at AlbanyState Univ of New York / Biological Sciences; K. Hollocher, Union College /
Geology; D. Ruden, Wayne State Univ / Dept of ObGyn; G. Lnenicka, H.V.
Hirsch, Univ at Albany-State Univ of New York / Biological Sciences
We examined accumulation, sequestration, elimination, and genetic
variation for lead (Pb2+) loads in Drosophila melanogaster. Flies were
reared in control or leaded medium at various doses and stages of development. Lead loads were tested using Inductively Coupled Plasma Mass
Spectrometry (ICP-MS). We found that D. melanogaster readily accumulated lead throughout their lifespan and the levels of accumulation
increased with lead exposure in the medium. Wandering third-instar
larvae accumulated more lead than mature adults, possibly due to
sequestration of lead in the intestinal tract, elimination of lead in the
pupal cases via eclosion, and depuration post-eclosion. The accumulated
lead in F0 adults was not detectable by our methods in F1 mature adults
when offspring were reared on clean medium. Using a set of recombinant inbred strains, we identified a quantitative trait locus for adult lead
loads and found that genetic variation accounted for 34% of the variance
in lead load; this is the first demonstration of genetic predisposition for
lead accumulation. We concluded that D. melanogaster is a useful model
organism for evaluating changes in lead loads during development, as
well as between generations. Furthermore, we found that genetic factors
can also influence lead loads; this provides an essential foundation for
evaluating phenotypic variation induced by the toxic effects of lead.
WP061 Detailing the evolved resistance to PCBs and PAHs in Gulf
killifish (Fundulus grandis) from Galveston Bay, Texas, USA
E. Oziolor, Baylor Univ / Environmental Science; B.D. Dubansky,
Louisiana State Univ / Dept of Biological Sciences; S.L. Guberman, Baylor
Univ / Dept of Environmental Science; C.W. Matson, Baylor Univ /
Environmental Science
The Houston Ship Channel (HSC) in Texas includes areas that have
historically been found to contain substantial levels of mercury, dioxins, furans, polychlorinated biphenyls (PCBs), and polycyclic aromatic
hydrocarbons (PAHs). We collected Fundulus grandis from contaminated
areas on the HSC, from sites expected to have intermediate contamination, and from reference sites to establish a total of 12 lab colonies. F1
embryos from HSC populations were up to 1,000x more resistant to
PCB126- and 2-5x more resistant to coal tar-induced cardiovascular
teratogenesis. We confirmed biparental inheritance and a genetic basis of
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protection through reciprocal crosses between a reference and contaminated population, and by conducting experiments on F2 embryos for
select populations. Similar to patterns observed for Fundulus heteroclitus
inhabiting polluted areas along the US Atlantic coast, HSC populations
of F. grandis exhibit a reduction of both basal and induced cytochrome
P450 1A (CYP1A) activity, suggesting a common mechanism of adaptation. We observe a gradient of adaptation that correlates with the level
of pollution at multiple HSC sites. In addition we examined possible
fitness-costs through exposures to pesticides (permethrin and carbaryl)
and pro-oxidants (tert-butyl hydroperoxide and tert-butyl hydroxyquinone), but contrary to our hypotheses, resistant populations of F.
grandis exhibited several cross-resistances. Alternatively, we have also
confirmed a significant increase in resting metabolic rate in developing
larvae, likely a fitness cost associated with the resistant phenotype. Such
results suggest that the HSC can serve as a “natural laboratory” to study
evolutionary processes driven by anthropogenic pollution, including
cross-resistance and fitness costs.
WP062 Effects of Multigenerational Exposure to Climate Change
and Contaminants in Daphnia magna
D. Kimberly, Westminster College / Biology and Environmental Studies; C.J.
Salice, Towson Univ / Biological Sciences Environmental Science
A key objective within ecotoxicology lies in understanding and predicting effects of contaminants. This objective is made more challenging
when global climate change is considered as a co-occurring stressor.
Many multi-stressor studies, however, are conducted over relatively
short durations, which implicitly but incorrectly assumes populations are
static. The goal of this study was to understand the effects of long-term
exposure to contaminants and climate stress on key life history traits in
Daphnia magna. Daphnia were exposed to low and high concentrations
of cadmium (0.25 and 1.25µg/L) at two different temperatures (22 and
28°C) for 66 days in a qausi-natural selection design. Including both
temperature controls, there were six treatments with four experimental populations per treatment. Total abundance as well as abundance
of neonates, juveniles and adults (population structure) was recorded
every three days. Every three and a half weeks neonates were randomly selected for 21-day assays that included endpoints of time to first
reproduction, brood size, number of broods, and population growth
rate. A “no-cadmium” assay was conducted at day 66 for a total of four
assays. We also employed a cadmium and temperature challenge at the
end of the study on Daphnia one generation removed from longitudinal
exposure conditions. Overall, there was a clear exposure response for
abundance and population structure during the longitudinal experiment.
Results from the 21-day assays tracked the longitudinal populations
closely, as indicated by a similar exposure-response pattern in population growth rate. The high cadmium and high temperature treatment
was the only to show consistent declining population growth rate.
Lastly, Daphnia exposed to high cadmium during the longitudinal
experiment had lower mortality during the cadmium and temperature
challenge than did animals exposed to low cadmium. Furthermore,
animals exposed to high temperature longitudinally exhibited higher
mortality when exposed to the challenge cadmium concentration at a
lower temperature. Hence, there were non-monotonic responses to the
longitudinal exposure conditions precluding accurate predictions of trait
response. Regardless of duration, exposure history, especially in light of
climate change stress, can leave a long lasting imprint on future stressor
response; we suggest that longer-term, multigenerational studies can
provide important and novel insights in ecotoxicology.
WP063 Extent and evolutionary implications of insecticide resistance
in a non-target amphipod, Hyalella azteca
K. Major, H.C. Poynton, Univ of Massachusetts, Boston / School for the
Environment; D.P. Weston, Univ of California / Dept of Integrative Biology
Insecticides that have been registered for use in agriculture, home and
lawn care, and landscaping have been detected in both agricultural and
urban sediments across the United States. Some of these pesticides are
extremely toxic to many aquatic invertebrates and fish including the epibenthic amphipod Hyalella azteca. However, several wild populations of

H. azteca in surface waters of the Central Valley of California have demonstrated up to 550-fold decreased sensitivity to pyrethroid pesticides
when compared to laboratory or other wild populations. Point mutations
in the active binding site for pyrethroids, the voltage-gated sodium channel (VGSC), have been identified as the source of such resistance. The
VGSC resistance mutations in some wild H. azteca populations represent
the first to be identified in a non-target aquatic organism, and their
presence raises important questions regarding the environmental impacts
associated with widespread pyrethroid use. Organophosphate resistance
has been identified in some of the same populations of Hyalella, although
the mechanism of that resistance remains uninvestigated. Critical gaps
in knowledge prevent an understanding of the evolutionary implications
and risks associated with extensive insecticide exposure in non-target
aquatic populations. To that end, we present data on the development
and verification of the rapid Hy-Resist Taqman PCR assay for the detection of resistance mutations across multiple groups of Hyalella, including
some outside the Central Valley of California. We use a targeted collection and screening approach on new populations exposed to insecticides
in the wild. Finally, we use the recently-completed Hyalella genome to
explore potential resistance that occurs via target-site mechanisms (e.g.,
voltage-gated sodium channel, acetylcholinesterase) as well as metabolic
resistance mechanisms (e.g., cytochrome P450s, glutathione-s-transferases, and esterases) to inform our understanding of insecticide resistance
in Hyalella.
WP064 Genetic Variation Plays Important Role in Cadmium Stress
Response: A QTL Mapping Approach in a Daphnia Controlled Cross
S. Roy, Univ of Notre Dame / Dept of Biological Sciences; J. Routtu, D.
Ebert, Univ of Basel / Zoologisches Institut; B. Ridenhour, Univ of Idaho /
Biological Sciences; M. Pfrender, Univ of Notre Dame / Biological Sciences
Since aquatic systems are the major sinks of industrial effluents they are
often more highly impacted by heavy metals than terrestrial ecosystems.
Interestingly, in the wild, not all organisms show the same physiological
response to a particular metal/chemical. Exposure history and genetic
variation both contribute to variation in stress responses. Limitations in
this information for many test organisms can create a bias in risk assessment outcomes. Understanding the fitness consequences of heavy metal
exposure, such as cadmium, requires knowledge of the physiological
responses of organisms and the genetic basis of these responses. While
there is a great deal of empirical evidence demonstrating populations
show variable responses to heavy metal exposure, there are few data
linking this variation to the underlying genetic mechanisms. We used
a quantitative genetics/genomics approach applied to an ecotoxicological model organism to determine the genetic basis and mechanisms of
response to cadmium exposure. In this study we evaluated the phenotypic responses and underlying genetic architecture of the freshwater
microcrustacean Daphnia magna to cadmium exposure. In a set of
recombinant lines derived from a cross of parental lines from different
habitats, we measured survivorship across a gradient of cadmium concentrations (3-6mg/L) after 24-hour exposures and performed Generalized
Linear Mixed Model (GLMM) to estimate LC50. Additionally, we
measured whole body cadmium and calculated uptake and elimination
rate. Our results demonstrated substantial variation in survivorship
(LC50), and cadmium uptake and elimination rates. In order to link
phenotypic variation to the genomic regions associated with that variation, we used a Quantitative Trait Loci (QTL) mapping approach. Using
a genetic map with 1324 ordered SNP markers; we identified regions in
the D. magna genome associated with variation in LC50. Major QTLs
(p=0.05) were found in linkage group 4 (LOD=5.9) and linkage group 6
(LOD=4.6). We also identified a major QTL for both cadmium uptake
rate and elimination rate in linkage group 5 (LOD=4.1, 4.2; p=0.05).
Overall, our results demonstrate a significant genetic contribution of D.
magna genome influencing the response to cadmium stress. Once the D.
magna genome is completely sequenced and annotated, future investigations will focus on determining the putative gene(s) linked to variable
phenotypes located in QTL regions.
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WP065 Quantifying evolutionary outcomes and their potential for
risk assessment
J. Shaw, Indiana Univ / The School of Public and Environmental Affairs
and The Center for Genomics and Bioinformatics; R. Keith, L. Turner, C.
Jackson, Indiana Univ; J. Colbourne, Univ of Birmingham
Differences in inter-individual response are described by variation in
environments and genomes that combine to give rise to phenotypic variation observed in populations. Population genomics provides tools for
understanding these features that provide a link to phenotype and could
be useful to risk assessors. In this talk we draw from recent population
genomic studies to explore how toxicant exposure contributes to genome
variability, influences the fate of genome variation in populations, and
over micro-evolutionary time scales determines the fate of phenotypes
within populations. These studies contribute to and make use of a maturing genomic tool kit for Daphnia pulex, that includes array comparative
genomic hybridization (aCGH) and full-genome re-sequencing of over
50 individuals. Using this model of structural variation we report exposure-induced alterations in the magnitude and distribution of gene copy
number (CNV) in natural populations. We reveal a method for measuring the contribution of this environment induced genome variation on
phenotype, and through spatial and temporal studies determine that
CNV play a major role in establishing the environmental stress-response
of a population. Finally, we discuss the importance of understanding
genome variation and the evolutionary forces that shape it, and demonstrate how population genomic tools can be used to quantify the
evolutionary forces acting on populations so that they could potentially
be applied to risk assessment.

Pesticide Dose and Exposure: Effects on
the Environment, Target and Non-Target
Organisms
WP066 Passerine Dietary (LC50) Test: Challenges and Utility in
Deriving an Acute Endpoint for Pesticide Registration in the US
M.A. Feken, Syngenta / Ecological Risk Assessment; T.M. Blickley, Dow
Agrosciences / ACES; K. Brugger, DuPont Crop Protection; T. Carro,
DuPont Crop Protection / Environmental Safety Assessment; M. Christ,
SynTech Research Laboratory Services; P.J. Edwards, Syngenta Crop
Protection LLC / Central Product Safety Dept; T.B. Fredricks, Monsanto
Company / Zoology; K. Henry, NovaSource Tessenderlo Kerley, Inc.
/ Ecological Sciences; M.E. Kern, Waterborne Environmental, Inc. /
Ecotoxicology; S.P. McGee, Bayer CropScience LP / Environmental Health
Sciences; D. Moore, Intrinsik Environmental Sciences, Inc; S.R. Mortensen,
BASF Corporation; S. Plautz, BASF / The institute of environmental and
human health; J.P. Staveley, Exponent; F. Womack, Cheminova, Inc.
Since 2007, acute oral studies with passerine birds have been required for
pesticide registration under the revised 40 CFR Part 158 data requirements. Many studies have been completed for new pesticide registrations
or as part of the Registration Review data call-in (DCI) process. The
primary challenge with the successful completion of an acute oral study
is the propensity for passerine birds to regurgitate test material after
administration via gavage or capsule. Approximately one-third of studies
conducted to date have resulted in birds regurgitating the dose which can
prevent determination of a definitive LD50. This can result in a regulatory data gap and presumed risk for passerine species. In 2012, EPA
published guidance that provided alternatives for deriving an acute passerine endpoint when regurgitation is observed in the acute oral (LD50)
study. Proposed alternatives include: testing additional passerine species,
using the dose-level below that which regurgitation occurred as the acute
endpoint, or conducting a sub-acute dietary (LC50) study (OCSPP
Guideline 850.2200) using the species that presented the greatest regurgitation response in the acute oral toxicity test. The guidance indicates
that the dietary concentration endpoint (LC50) will be converted to a
dietary dose endpoint (dietary LD50) using the estimated ingested dose
based on food consumption measured in the study. Although the avian
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acute oral guideline (OCSPP 850.2100) has recently been updated to
address issues related to conducting acute oral toxicity tests with passerines, the current OCSPP 850.2200 only provides specific guidance for
the testing of young northern bobwhite quail and mallard ducks. For passerine species, food avoidance over the 5-day period can lead to starvation
confounding determination of toxic effects related to the test substance.
In addition, food avoidance caused starvation in studies often results in
similar dietary intake of the test substance across test concentrations leading to very flat slopes and inaccurate estimates of the dietary LD50. Food
avoidance in this context results in the ingestion of a Maximum Tolerated
Dose (MTD), where the dose appears to plateau thus potentially restricting the birds to insufficient food for their survival over the 5-day exposure
period. Use of the MTD endpoint combined with the overall uncertainty
in interpretation of the results from the dietary study are discussed in the
context of the avian risk assessment process.
WP067 Effects of Environmentally-Relevant Mixtures of Four
Common Organophosphorus Insecticides on the Honey Bee (Apis
mellifera L.)
Y. Alnaggar, Saskatchewan Univ / Toxicology Centre; S. Wiseman,
Univ of Saskatchewan / Toxicology Centre; C. Cutler, Dalhousie Univ /
Environmental Sciences Faculty of Agriculture; E. Naeim, Tanta Univ;
M. Mona, A. Saif, Tanta Univ / Dept of Zoology; J. Giesy, Univ of
Saskatchewan / Dept of Veterinary and Biomedical Sciences and Toxicology
Centre
We assessed whether exposure to environmentally-relevant mixtures
of four organophosphorus insecticides (OPs) exerted adverse effects on
honey bees. Adult and worker bees were orally exposed for five days
under laboratory conditions to mixtures of diazinon, malathion, profenofos and chlorpyrifos. Concentrations tested were equivalent to the
median and 95th centile concentrations of the OPs in honey, as reported
in the literature. Effects on survival, behavior, activity of acetylcholinesterase (AChE), and expression of genes important in detoxification of
xenobiotics and immune response were examined. Survival of worker
bees was not affected by exposure to median or 95th centile concentrations of the OPs. Activity of AChE was significantly greater in worker
bees exposed to the 95th centile concentration mixture of OPs compared
to the median concentration mixture. Expression of genes involved
in detoxification of xenobiotics was not affected by treatment, but the
abundance of transcripts of the antimicrobial peptide hymenoptaecin
was significantly greater in worker honey bees exposed to the median
concentration mixture. Results suggest that short-term exposure to environmentally relevant concentrations of a mixture of OPs do not adversely
affect worker honey bees.
WP068 Effects of a glyphosate end-use product on the flower phenology of black-eyed Susan (Rudbeckia hirta) and red clover (Trifolium
pratense)
S.I. Rodney, Intrinsik Environmental Sciences / Biology; C. Boutin,
Environment Canada; F.R. Pick, Univ of Ottawa / Biology
It has long been recognized that standard terrestrial plant toxicity tests
are on their own insufficient for assessing the risk of pesticide use to
non-target terrestrial plants. Current standard tests only consider a
small fraction of a plant’s life cycle (seedling emergence and vegetative
vigor), and they only involve early life stage exposures. Understanding
the overall effects of realistic plant exposures to pesticides is critical for
accurate ecological risk assessment. To supplement data derived from
standard tests we conducted a series of experiments to determine the
effects of early bud-stage plant exposure to a glyphosate end-use product
on the flower phenology of several North American wildflower species. Our results for black-eyed susan (Rudbeckia hirta) and red clover
(Trifolium pratense) will be presented in the context of a more robust risk
assessment.
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WP069 Comparative Genotoxic analysis of non-target organism (Archachatina marginata) exposed to Paraquat and Glyphosate
pesticides
A.C. Udebuani, Federal Univ of Technology / Dept of Biotechnology; O.
Otitoju, Federal Univ Wukari / Dept of Biochemistry; I.N. Onwurah,
Univ of Nigeria / Biochemistry; M. Chukwudi, Federal Univ of Technology
Owerri
Investigations into the genetic responses of non-target organisms exposed
to emerging pollutants such as herbicide (paraquat and glyphosate)
are of great significance in assessing rapid ecological risk of exposure.
Archachatina marginata, African giant snail is of nutritional significant to
most Africans and itsdynamic life-style makes it a good animal model for
assessing the responsiveness of non-target animal species to environmental stress resulting from exposure to toxicants. Thirty African giant snails,
five for each group (5%, 10% and 15%) were exposed to soil samples
spiked with graded concentrations of paraquat and or glyphosate for
about thirty days. Their genomic DNA was extracted and amplified using
OMnE-PCR system programing; various bands were examined for DNA
strand breakage using gel electrophoresis. The result obtained shows that
the AP-PCR genotypic profile with oligonucleotide prima OPT (51
cacagaggga 31), used on DNA of Archachatina marginata, had varying
number of fragments with different amplification bands corresponding
to their different molecular weights ((120-2673.00) for glyphosate while
paraquat is 211-282. Similarly in comparing the exposure of Archachatina
marginata to the different herbicides, it was observed that higher DNA
fragments (7,5,10,9: 31 bands) with higher intensity were obtained from
DNA amplification of snail exposed to paraquat compared to the DNA
bands of snails (7,4,2,3:16 bands) exposed to glyphosate. In comparing the
length of time the snails were exposed to the herbicides, results obtained
showed more genomic DNA bands in samples at 7 days of exposure for
snails exposed to glyphosate. However, higher DNA bands were obtained
in snails exposed to paraquat at 14 days of exposing and lesser bands were
obtained above 21 days of exposure. It is possible that herbicides applied
into agricultural farm can influence levels of genomic DNA damage to
non-target species as Archachatina marginata and at different length of
exposure.
WP070 Effects of glyphosate on interactions between Collembola and
soil microorganisms
J. Wee, Korea Univ / Division of Environmental Science and Ecological
Engineering; Y. Lee, Korea Univ.; Y. Kim, Korea Univ; H. Mo, Korea Univ
/ Inst of Life Science and Natural Resources; K. Cho, Korea Univ / Division
of Environmental
Glyphosate is the most widely used herbicide, however, little is known
about adverse effects on non-target species and their interactions.
Therefore, this study aimed to evaluate the effect of glyphosate on interactions between Collembola and soil microorganisms using fatty acid
composition analysis and reproduction test. Survived adults and hatched
juveniles of Paronychiurus kimi (Collembola) were counted after 28-day
exposures in defaunated field soils and artificial soil spiked with 1, 50,
500 mg/kg of glyphosate. Also soil microbial community structure was
investigated using fatty acid composition analysis of soils following the
procedures given by the Sherlock Microbial Identification System (MIDI
Inc., Newark, DE). Glyphosate has low toxicity to reproduction and
survival of P. kimi, however, both soil microbial community structure
and fatty acid composition of P. kimi were changed with glyphosate
treatment. Increasing concentration of glyphosate, the proportion of
18:0(Stearic acid) in P. kimi was increased. This result showed that
glyphosate affect interactions between Collembola and soil microorganisms, and we need more attention to adverse effects of glyphosate on
below-ground interactions.

WP071 Neonicotinoid Insecticides: Assessing the Cumulative
Toxicity of Mixtures on Chironomus dilutus, a Sensitive Aquatic Insect
Species
E. Maloney, Univ of Saskatchewan / Toxicology; C.A. Morrissey, Univ
of Saskatchewan / Biology; J. Headley, Environment Canada / Aquatic
Contaminants Research Division; K.M. Peru, Environment Canada /
Watershed Hydrology and Ecology Research Division; K. Liber, Univ of
Saskatchewan / Toxicology Centre
Neonicotinoids are a popular class of broad spectrum insecticides,
commonly used in agricultural applications to protect crops against
biting-sucking insects. These compounds are highly water-soluble, so
following application as either foliar- or seed-treatments, neonicotinoids (e.g., imidacloprid, clothianidin, and thiamethoxam) are likely
to move into nearby aquatic systems where they pose a risk to resident
aquatic insect populations. Due to multi-season persistence in soil and
application of different neonicotinoids within the same watershed,
neonicotinoids are frequently detected in aquatic systems as binary and
tertiary mixtures. However, the cumulative toxicity of neonicotinoid
mixtures is poorly understood. This research aims to fill that knowledge
gap by characterizing the cumulative toxicity of binary and tertiary
mixtures of select neonicotinoids (imidacloprid, clothianidin, and thiamethoxam) to the sensitive aquatic invertebrate Chironomus dilutus under
acute exposure scenarios. This has included a preliminary assessment of
single-compound toxicity in 96-hour laboratory tests, yielding toxicity
threshold values (LC50) of 4.63 (3.96 – 5.41), 5.93 (5.29 – 6.65), and
55.34 (43.98 – 69.64) ug/L for imidacloprid, clothianidin, and thiamethoxam respectively. These values will be used to develop parametric
models, which will be statistically compared to the toxicity of binary and
tertiary mixtures from similar laboratory studies, using the MIXTOX
approach. Results obtained will allow for a comprehensive understanding
of the cumulative toxicity of neonicotinoid mixtures under acute exposure scenarios, allowing for an assessment of whether these compounds
display concentration-additive toxicity and what risk these insecticide
mixtures pose to aquatic ecosystems.
WP072 Effect of dietary exposure to field-realistic concentrations of
imidacloprid on activity, metabolism, and cold tolerance of Bombus
impatiens
A.J. Krueger, M. Dillon, K. Oyen, K. Sheldon, Univ of Wyoming / Zoology
and Physiology
The agriculture industry relies on pesticides for crop production, but
growing evidence suggests that sublethal effects of pesticides are a
contributing factor to the worldwide decline of insect pollinators.
Neonicotinoids are a widely-used, advanced class of insecticides that
are highly toxic to bees. Even at low levels, neonicotinoids can have
pronounced sublethal effects. However, our understanding of bee toxicology comes primarily from studies on honeybees, and the few studies
that have examined effects on bumblebees (genus Bombus) have assessed
toxicity at the colony, rather than individual, level. We investigated how
imidacloprid, a widely used neonicotinoid, affects individual bumblebees
(Bombus impatiens) by assessing lethal and sublethal effects after 48 hours
of dietary exposure to field-realistic concentrations. Following dietary
exposure, we examined bumblebee cold tolerance, metabolic rate, and
activity levels. We found that ingesting field-realistic concentrations of
imidacloprid reduced cold tolerance, metabolic rates , and activity levels
within the first 24 hours. Within 48 hours of the start of the experiment,
over 50% of individuals had died. These findings suggest that toxicity
studies on honeybees may not apply to other native pollinators.
WP073 Chronic, comparative toxicity of imidacloprid, clothianidin,
and thiamethoxam to aquatic macroinvertebrates in a laboratory and
field setting
M.C. Cavallaro, School of Environment and Sustainability; K. Liber,
Univ of Saskatchewan / Toxicology Centre; J.V. Headley, K.M. Peru,
Environment Canada / Watershed Hydrology and Ecology Research
Division; C.A. Morrissey, Univ of Saskatchewan / Biology
Surface water bodies adjacent to agricultural operations planted with
seed-treated neonicotinoids are susceptible to chronic exposure from
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repeated run-off scenarios and long-term environmental persistence.
However, little information is available on the chronic effects of the different neonicotinoids on benthic macroinvertebrates. Laboratory toxicity
tests and field mesocosm experiments with neonicotinoids applied at
environmentally relevant, chronic exposure concentrations can provide
information to help interpret the effects of large-scale field applications.
Here, full life-cycle toxicity tests using Chironomus dilutus were performed to compare the toxic effects of imidacloprid (IMI), clothianidin
(CLO), and thiamethoxam (THX). Test conditions followed a standard,
static renewal exposure protocol where lethal and sub-lethal endpoints
were assessed on days 14 and 40. The day 14 LC50 concentrations for
IMI, CLO, and THX were 1.18, 1.21, and 26.01 µg/L, respectively. The
day 40 EC50 (emergence) for IMI, CLO, and THX were 0.40, 0.37,
and 3.83 µg/L, respectively. Five additional sub-lethal endpoints were
measured including emergence timing, sex ratios, and various biomass
measures of larvae and adults. Overall, C. dilutus was most sensitive to
CLO; however, the relative toxicity between the IMI and CLO did not
differ significantly. An in-situ, multi-species mesocosm (limnocorral)
experiment compared these three active ingredients at two doses each,
0.05 and 0.5 µg/L. Over a 14-week study, 21 limnocorrals were dosed
weekly for 8 weeks to achieve a chronic, repeated exposure scenario,
followed by a 6-week recovery period. Water concentrations and aquatic
insect emergence was monitored throughout the study and revealed
decreasing emergence in the insect families Chironomidae (mid-summer) and Phryganeidae (early-autumn) in all treatments. Sixteen families
and three chironomid tribes were identified over all treatments with two
taxa exclusively emerging from the control units— Callibaetis ferrugineus (Ephemeroptera: Baetidae) and Agraylea multipunctata (Trichoptera:
Hydroptilidae). Control treatments harbored greater diversity of taxa,
cumulative abundance, and biomass of secondary production. Using a
single and multi-species approach in tandem to evaluate the effects of
these widely used insecticides can provide greater insight for setting
appropriate aquatic life reference values.
WP074 Dermal Uptake of Organic Contaminants by Amphibians
Based on Location of Exposure and Hydrophobicity of Contaminant
W.H. Mimbs, Oklahoma State Univ / Zoology; P.W. Cusaac, S.T. McMurry,
J.B. Belden, Oklahoma State Univ / Integrative Biology
Most risk assessments use mammals or birds as a surrogate for terrestrial
amphibians. However, dermal exposure, which is likely the dominant
uptake route for amphibians for most contaminants, may vary drastically between amphibians, birds, and mammals due to anatomic and
physiological differences. Moreover, uptake in amphibians is likely
dependent on location of exposure and hydrophobicity of the contaminant. The objective of this study was to characterize both ventral and
dorsal dermal uptake of contaminants across a range of hydrophobicities
in Blanchard’s cricket frogs. Amphibians were dosed with contaminants
(atrazine, lindane, fluoranthene, benzo(b)fluoranthene) suspended in a
carboxymethylcellulose solution. Individuals were collected throughout a 24-hour exposure period. Collected frogs were sacrificed and the
dermal area to which the solution was applied was harvested. Both the
skin sample and remaining carcass were processed separately using the
QuEChERs method and analyzed using GC/MS. Uptake and elimination rates were determined and reported for each tissue. Our overall goal
is to predict dermal uptake based on contaminant properties and exposure scenario allowing prioritization of contaminants for toxicity testing.
WP075 A Probabilistic Pesticide Risk Assessment Model for
Predators of Vertebrates
S.I. Rodney, Intrinsik Environmental Sciences / Biology; Y. Kara, Wilfrid
Laurier Univ
Probabilistic approaches to assessing the risk of pesticides to wildlife are
needed when conservative deterministic screening results suggest potential adverse effects. Probabilistic models have been designed to model
primary and secondary consumer exposures. These models are typically
based on estimates of daily energy requirements, and pesticide residues
in vegetation and terrestrial invertebrates. Probabilistic models, however,
are required for tertiary consumers, particularly because many predators
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of vertebrates do not feed on a daily basis. Such predators will have highly
variable daily ingestion rates and hence daily exposures. A spreadsheetbased probabilistic model was developed to estimate exposure of predators
to pesticides via diet and drinking water, and to determine probabilities of
acute and chronic effects. A case study with an organophosphate pesticide
will be presented to illustrate model structure and capabilities.
WP076 Estimating Risks to Aquatic Macroinvertebrate
Communities after Exposure to Bifenthrin Contaminated Sediments
H. Rogers, USGS / Fort Collins Science Center; T.S. Schmidt, USGS / Water
Resouces Div; M.L. Hladik, USGS / California Water Science Center; P.C.
Van Metre, USGS / Texas Water Science Center; B.J. Mahler, USGS / Water
Mission Area
Pyrethroid use has increased over the past two decades as environmental
regulations have phased out organophosphate pesticides such as diazinon
and chlorpyrifos. Bifenthrin is a hydrophobic pyrethroid that is widely
used in urban and agricultural areas and can contribute significantly to
the toxicity of US stream sediments on benthic invertebrates. Although
many studies have documented in-stream bifenthrin concentrations, few
have linked those concentrations with effects on benthic macroinvertebrate community composition and species abundance. Further, effects
on adult life stages, critical for sustaining wildlife populations in riparian
zones who consume adult aquatic insects, are unknown. We conducted a
30-day mesocosm study in which macroinvertebrate communities from
a pesticide free stream were exposed to a single pulse of fine sediments
(285 mg) spiked with bifenthrin, simulating a realistic runoff scenario
from agricultural fields and urban areas. Spiked sediment concentrations ranged from 600 ng/g to 17000 ng/g designed to target whole
water concentrations of 0.03, 0.06, 0.13, 0.25, 0.5, and 1.0 µg/L (plus a
0.0 µg/L control). Bifenthrin from the sediment spikes was detected in
the water column early, but dissipated quickly in the first 24 hr and was
below aqueous detection in all treatments by day 16, but was measureable
in bulk sediments on day 30. Larval community metrics significantly
decreased in all treatments. Estimated from the aqueous exposures
resulting from the sediment spikes, LC50s were 0.24 µg/L (nominal) for
total larval abundance and 0.25 µg/L for larval EPT abundance. Mayfly
and stonefly abundances (LC50 0.12 and 0.25 µg/L, respectively) proved
sensitive indicators of bifenthrin exposure. Adult insect emergence
began on day 16 and was comprised primarily of midges and mayflies.
Emergence was stimulated (114%) over control levels at the lowest
exposure concentration and was limited to 38% of controls at the highest
exposure level. Our findings suggest a single runoff event with environmentally relevant bifenthrin concentrations could result in adverse effects
on invertebrate communities. Further, effects on emergence significantly
reduce the number of individuals available to repopulate streams and to
feed aquatic-dependent terrestrial organisms and could export bifenthrin
into terrestrial food webs.
WP077 Assessment of insecticide impacts on vineyards by using
Environmental Impact Quotient (EIQ ) Model
S. Mermer, Fac. of Agriculture Lab Env Tox / Dept of Plant Protection
Pesticides have been applied to reduce damages caused by pests in agriculture since decades. Recently, the usage of pesticides has been highly
increased to control the pests and increase food production. In addition,
common pesticide applications in vineyard areas are increased due to
long term growing seasons. European Grapevine Moth (EGM) is one
of the common pests, which reduces yields and quality in the vineyards
in all European and Mediterranean countries. Insecticides are used up
to 9 times during one season to control EGM moth in vineyards, which
affect non-target organisms and pose risk to the environment. The development of insecticide resistance is one of the important risks of EGM
due to higher application rates and frequency of insecticides. Due to the
lack of the IPM strategies, farmers mostly tend to increase dose ratio to
control the pest instead of changing the active ingredient. The aim of
this study was to estimate the risk factors of the pesticides on consumers, farm workers, and non-human biota by using Environmental Impact
Quotient (EIQ ). The EIQ is a mathematical model that calculates a risk
factor of pesticide for the environment and health. The results indicated
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that chlorpyrifos-ethyl had the highest impact on non-targets and the
environment while other insecticides showed comparatively a lower
effect. The ecological concentration of lambda-cyhalothrin was increased
by 8-folds whereas indoxacarb, emamectin, benzoate, spinosad showed
6-folds increase. To sum up, EIQ field use rating models can be a useful tool for risk assessment and for policy makers on decision-making
process and also can be used in combination with the IPM programs to
protect environment and human safety.
WP078 The Impact of Underlying Assumptions on Avian and
Mammalian Pesticide Risk Assessments
C. Habig, Compliance Services International
Current approaches to pesticide risk assessment primarily involve a
substantial contribution from environmental modeling. In particular,
models play a key role in estimating potential exposure of non-target
organisms to pesticides. The modeling results, in turn, contribute to
non-target organism risk assessments that are often used to make initial,
screening level determinations as to whether or not general use patterns
for a pesticide may adversely affect non-target organisms. Therefore, in
order to correctly interpret the modeling results, it is important to understand how the models work, the underlying assumptions of the models,
and the limitations of the models, including the data used in the model.
For avian and mammalian risk assessment, EPA primarily relies on the
T-REX model. The T-REX model evaluates potential effects of pesticides on three different size classes on birds and mammals, ranging from
15 g in body weight to 1 kg in body weight. In addition, the T-REX
results may be extrapolated to reptiles and terrestrial-phase amphibians.
T-REX estimates exposures and calculates both acute and longer-term
(chronic) risk quotients. Exposure is assumed to be through feed items
containing pesticide residues, with the residues estimated based on a
modified version of the Hoerger and Kenaga nomogram. Both toxicity
data and exposure estimates are scaled to the three body size classes that
are evaluated. Estimates of daily feed consumption are based on allometric equations and the type of food (e.g., plant material or arthropods)
consumed. The estimates of daily feed consumption are key drivers of
the estimated dietary exposure. This presentation explores the impact of
model-estimated daily feed consumption rates, which range from 3% to
110% of body weight for birds and mammals, depending on the size and
type of feed item, on risk assessment outcomes. The presentation also
compares the risk outcomes based on model-estimated dietary exposure
to risk outcomes based measured daily feed consumption data for several
sizes of birds and small mammals, ranging from passerines and mice to
rats and mallards. The presentation also includes a discussion of options
for conducting higher-tier assessments if a product does not pass the
initial screening level assessment.
WP079 Developmental Neurotoxic Effects of Chlorpyrifos as
observed through C. Elegans Behavior
K. Adams, East Carolina Univ / Biology
Chlorpyrifos is an organophosphate compound that has been utilized
for pest control in the United States since 1965. Since that time it’s
become one of the most commonly used pesticides in the world and thus
potentially a pesticide to which the general population may be commonly
exposed. The chemical is a neurotoxicant which primarily affects acetylcholine neurotransmission through inhibition of acetylcholinesterase
activity. However, a growing body of evidence suggests that chlorpyrifos possesses alternative toxic mechanisms unrelated to its effects on
acetylcholine neurotransmission. Furthermore, chlorpyrifos shows the
potential to disrupt normal neural development through as of yet under
characterized mechanisms; this makes the compound a possible toxic
hazard to prenates, infants, and young children to a degree greater than
what is currently recognized. In this study, we’ve utilized Caenorhabditis
elegans throughout its life cycle in order to elucidate the impact of
chlorpyrifos on neurodevelopment and behavior. Nematodes are exposed
to varying levels of the compound present within growth media from
their L1 larval state up to their early L4 state and then examined at early
adulthood to see the impacts of the compound on ability to locate and
travel to food supplies. Movement patterns are also examined to note

differences between nematodes exposed to varying levels of chlorpyrifos
during maturation. Preliminary data suggests that chlorpyrifos exposure
up to young adulthood, even at very low environmental concentrations,
negatively impacts the ability of nematodes to detect or travel towards
food sources. While a majority of unexposed nematodes will travel to
and dwell upon a bacterial lawn within two hours, nematodes exposed
to 1µg/L chlorpyrifos or greater concentrations would rarely move to
the bacterial lawns at proportions greater than half of a test population.
Current research is looking to confirm these findings, examine the specific effects of exposure during development, and characterize effects of
developmental chlorpyrifos exposure on movement when in the presence
and absence of bacterial food supplies.
WP080 Considerations on practical methods to refine the risk assessment of pesticides on pollinators
S. Knaebe, EAS EcoChem GmbH / Ecotox Field; S. Boksch, Eurofins
Agroscience Services EcoChem GmbH; O. Klein, Eurofins Agroscience
Services EcoChem GmbH / Ecotox Field; P. Mack, EAS EcoChem GmbH
It is possible to increase the realism for the risk assessment of pesticides
on pollinators through a refined estimation of exposure. As a first step in
the risk assessment the default values for residues are given .The refinement through higher TIER measurement of residues in crops is the next
step if the risk to pollinators is still not acceptable. The option is included
in the EPA as well as in the EFSA risk assessment guidance documents.
Over the last three years several manual methods have been developed
to collect nectar and pollen from treated plants. A valid alternative to
manual sampling methods is collection of nectar and pollen with the
help of honey bees. It is also possible to use bumble bees for this purpose
or even solitary bees for pollen. The different methods will be compared
with each other and the pros and cons will be discussed.

Advanced Nanomaterials Analysis for
Nanotoxicology Studies
WP081 A metal fingerprinting approach to quantify single-walled
carbon nanotube (SWCNT) in airborne particulate matter and
marine sediment
X. Liu, Duke Univ / Chemistry; Y. Zhao, Duke Univ / Civil and
Environmental Engineering; D. Plata, Yale Univ / Chemical
Environmental Engineering; L. Ferguson, Pratt School of Engineering /
Dept of Civil and Environmental Engineering
Single-walled carbon nanotubes (SWCNT) are unique, anthropogenic
allotropes of nanoparticulate black carbon that have been applied to a
range of technological applications. Currently with the rapid manufacturing and application of SWCNT, the release and accumulation
of SWCNTs in the environment is expected. Therefore, sensitive and
reliable quantification and characterization methods are needed to
facilitate ecological risk assessments for SWCNTs. The production of
different varieties of commercially available SWCNTs utilizes specific
and unique elemental metal catalysts including Mo, Co, Fe, Ni and Y.
Significant amounts of these catalyst residues remain in SWCNT after
production. Therefore, the metal element ratios and metal to carbon
ratios of SWCNT differ from many other geological materials. By tracking the quantity and the ratio of the embedded metal catalyst, we have
established a robust, two-stage chemo-thermal oxidation (CTO) and
metal-fingerprinting approach to quantify and trace sources of SWCNT
at their relevant environmental concentrations (pg-ng Lwater-1, mair-3,
or gsediments-1) in airborne particulate matter and marine sediment.
Our initial work has shown that the metal-fingerprinting approach is
capable of quantifying and tracing the source of SWCNT in atmospheric
particulates. The amount of Mo and Co residue in CoMoCat SWCNT
has a stable ratio of 3.10.1. While urban dust (NIST SRM 1649b) contains much less Co or Mo content and its Mo/Co is approximately 1.67.
The detection limit for SWCNT in urban aerosol was thus determined
to be 0.76 ng m-3. Marine sediments are a much more complex environmental matrix, and thus requires an additional sample preparation step
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prior to metal fingerprinting analysis for SWCNT. Density gradient
ultracentrifugation effectively isolates dispersed SWCNT from sediment prior to analysis, enabling quantitation detection limits of 5 ~10 ng
Lwater-1 or 10 ~50 ng gsediments-1.
WP082 Toxicity, intracellular accumulation and transport of
uncoated and fluorescently conjugated TiO2-NPs in the intestinal
fish cell line, RTgutGC
M. Minghetti, Eawag / Environmental Toxicology; M. Panagiotakis,
Eawag Swiss Federal Inst of Aquatic Science and Technology; M. Geppert,
K. Schirmer, Eawag / Environmental Toxicology
Titanium dioxide nanoparticles (TiO2-NPs) are broadly used in paints,
cosmetics and food. After usage they can enter the water systems and
have a potential effect on aquatic organisms’ health. The aim of this
project was to investigate cellular uptake and toxicity, as well as transport
across intestinal epithelia of TiO2-NP. Such particles are notoriously
difficult to analyze in part due to poor recovery after digestion. Indeed
to efficiently digest this particle the use of hydrofluoric acid (HF) is
required. Considering the high risk of working with HF, an alternative
analytical method would be desirable. Thus, in this study two different
types of TiO2-NPs were used: uncoated (Aeroxide P25, 21 nm) and
a fluorescently labeled TiO2-NPs (Al-TiO2-NP, 25 nm). Evaluation
of particle uptake, toxicity and transport of these nanoparticles across
an intestinal epithelium was investigated using the intestinal cell
line, RTgutGC, from rainbow trout (Oncorhynchus mykiss) as model.
RTgutGC polarize when grown on permeable membranes and develop
a trans-epithelial electrical resistance similar to fish guts in vivo. A
multiple endpoint viability assay was applied to measure cell metabolic activity, membrane and lysosome integrity in exposed cells. Dose
response curves were generated in all media over a period of 72 hours.
Then, non-toxic doses were applied and transport (via fluorescence measurement and ICP-MS), accumulation and intracellular distribution were
explored (confocal microscopy and SEM/EDX). The NPs agglomerated
rapidly up to 1000 nm in growth medium (L-15 supplemented with 5%
FBS) as shown by DLS analyses. While clear evidence of TiO2-NP
cellular internalization was demonstrated by confocal microscopy (for
Al-TiO2-NP) and SEM/EDX (for P25), no toxicity was detected up
to 100 mg/L. The transport experiment indicated that Al-TiO2-NPs
accumulated in the RTgutGC cells but were not transported through
the epithelium formed by RTgutGC cells. Cellular internalization and
accumulation of TiO2-NPs could be evaluated by fluorescence detection. Thus, fluorescently labeled TiO2-NPs can be used for mechanistic
studies, especially for optical imaging applications allowing intracellular
co-localization with cellular markers.
WP083 Using single particle ICP-MS as a tool for understanding
metallonanoparticles transformation during nanotoxicity assays
M.E. Johnson, National Inst of Standards and Technology / Materials
Measurement Laboratory; S.K. Hanna, E. Petersen, J.T. Elliott, B.C.
Nelson, National Inst of Standards and Technology / Biosystems and
Biomaterials Division; L.L. Yu, National Inst of Standards and Technology /
Chemical Sciences Division
The advent of engineered nanoparticles (ENPs) has remarkably improved
the performance of basic materials and consumer products, leading to
the commercial success of ENPs and a rapid rise of the nanotechnology
industry. Presently, there is an urgent need to understand how ENPs
interact with environmental and biological systems. While several
analytical methods have been developed to quantitatively study complex
systems, techniques developed for macro-scale physical and chemical
properties are not well suited for ENPs. There is a need for techniques
that are more analytically sensitive (in regards to environmentally relevant concentrations) than conventional approaches (e.g., TEM, SEM,
DLS used for nanoparticle characterization and quantification). Single
particle inductively coupled plasma-mass spectrometry, spICP-MS,
has emerged as a technique potentially capable of measuring ENPs in
complex matrices (after suitable extraction) at the pg/L range. The work
presented combines spICP-MS, density gradient separation, and acid
and base digestions to measure the uptake of metallonanoparticles into
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a model organism, Caenorhabditis elegans. A spICP-MS method was
validated for sizing Au ENPs using well-characterized reference material
(RM) ENPs (NIST RM 8012 and 8013; 30 nm and 60 nm Au ENPs,
respectively). C. elegans populations were exposed to the Au ENPs in
liquid media for 24 h. Common washing procedures were ineffective at
removing excess suspended Au ENPs after exposure. Therefore, a sucrose
density gradient centrifugation protocol was optimized and employed to
separate the nematodes from Au ENPs freely suspended in the exposure
media. Quantification of total Au uptake in dry samples of control and
Au exposed C. elegans was determined following acid digestions (for
conventional ICP-MS analyses) and alkaline digestions of biological
tissue (for particle sizing in spICP-MS analyses). Nanoparticulate body
burdens were measured for each Au ENP uptake condition. Finally, size
distributions and particle number concentrations were determined for
all ENPs dispersed in water, ENPs dispersed in exposure media, and
ENPs taken up by C. elegans. Our results suggest that accumulation of
Au ENPs in C. elegans can influence the size distribution of the ENPs,
which may be a result of the ENPs being exposed to physiological processes (i.e., gut compaction) within the nematode.
WP084 Detecting Single-walled Carbon Nanotube Uptake by
Daphnia magna Using Single Particle ICP-MS
J. Wang, Colorado School of Mines; R. Lankone, Johns Hopkins Univ;
H. Fairbrother, Johns Hopkins Univ / Dept of Chemistry; C.P. Higgins,
Colorado School of Mines / Civil Environmental Engineering; J.F. Ranville,
Colorado School of Mines / Chemistry and Geochemistry
Unique physical and chemical properties of nanomaterials (NMs) lead
to their broad applications. Consequently the production scale of NMs
has expanded rapidly during the past few decades, raising concerns over
their potential environmental impacts once released into the ecosystems.
According to materials flow modeling, the amount of NMs released is
likely to lead to limited environmental concentrations (mg/L or lower),
however, the risk they may cause is still unknown. In the risk assessment
of NMs, it is not only the ecotoxicity that NMs may bring that must be
investigated, but also chronic endpoints such as biological accumulation
should be the interest. Previous studies have tested the acute toxicity of
carbon nanotube (CNT), as well as uptake and depuration by biological
receptors. But CNTs used in those studies were commonly surfacemodified (lipid-coated or radioactive labeled), such that they may not have
been representative of CNT used in industry. Furthermore, the amount
of CNT used was often much larger (mg/L) than predicted aqueous
concentrations (ng/L). Single particle inductively coupled plasma mass
spectrometry (spICP-MS) has recently been shown to provide CNT
analysis at more environmentally relevant concentrations. spICP-MS
takes advantage of elemental analysis on a particle-by-particle basis to
detect CNTs at ng/L concentration. spICP-MS is able to monitor the
presence and amount of CNT by the residue metal NPs embedded in
CNT structure due to catalytic synthesis. Shortening the dwell time from
several millisecond to several microseconds, improves particle resolution
as well as suppresses background signals, providing better analysis, both
of mass and particle number. The optimized method, utilizing yttrium as
the analyte, was applied to detect the uptake of CNT by daphnia magna
after 48-hour exposure to a CNT suspension. Approximately 3% of the
SWCNTs were absorbed by 10 daphnia adults, regardless of the original
CNT concentration. Minimal toxicity was observed in experiments using
single-walled CNT with 400 mg/L and lower concentrations. Similar
results were observed in experiments performed using CNT released from
polymer nanocomposites. The improvements made to spICP-MS in this
study may lead to a better understanding of biological uptake of CNT and
lead to improved risk models for nanotechnology.
WP085 Transformation kinetics of metallic nanoparticles in environmental and cell culture exposure media measured by SP-ICP-MS
J. R. Lead, Univ of South Carolina / Center for Environmental NanoScience
and Risk; R. Merrifield, Univ of South Carolina; C. Stephan,
The environmental fate, behavior and biological effects of manmade
nanoparticles are currently the subject of great debate. Detection and
characterization of these nanoparticles under relevant conditions and
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concentrations remains a significant challenge due to limitations in
detection limits of spectroscopy and light based analytical techniques.
Recent advances in Inductively Coupled Plasma Mass Spectrometry
(ICP-MS), Single Particle (SP)-ICP-MS), has the potential to address
many of these analytical challenges when sizing and counting inorganic nanoparticles down to concentration below ng/L. Operating at
very short dwell times, SP-ICP-MS single can quantitate the difference between ionic and particulate signals, the measurement of particle
concentration (particles / mL), determination of particle size and size
distribution, in addition to being able to investigate particle agglomeration and dissolution all in a single analysis in less than minute of sample
analysis time. In this paper, we have exposed 60 nm Au@Au (core@
shell) NPs (nanocomposix) to a synthetic surface water (with and without
natural organic matter (NOM)) and a cell culture media at a mass
concentrations of 0.11 ppb (100,000 NPs / ml) The temperature and UV
exposure of the suspensions were altered and controlled to mimic different OECD toxicity exposure conditions for typical daphnia, snail and
cell culture conditions. Changes in number and mass concentration, size
distribution and other properties were measured with SP-ICP-MS over
48 hours. Increases in temperature and UV exposure both affect the size
and particle number of the suspensions with increased levels of (NOM)
reducing these changes.
WP086 Evaluation of methods to quantify dissolution of metal
nanomaterials
N.B. Hartmann, S. Kruse, A. Baun, Technical Univ of Denmark DTU
/ DTU Environment; J.A. Steevens, US Army Engineer Research and
Development Center / Environmental Laboratory
Effects and behavior of nanomaterials in the environment depends on
the materials’ specific physical and chemical properties. For metal and
metal oxide nanomaterials aqueous solubility is of outmost importance.
For nanomaterials it is essential to assess solubility kinetics as nanomaterials will often not dissolve instantaneously upon contact with water.
Dissolution kinetics will be influenced by factors such as pH, media
composition and the methods applied to prepare the particle dispersion. This highlights the need to evaluate and improve the reliability of
methods applied to assess the solubility kinetics of nanomaterials. Based
on existing OECD guidelines and guidance documents on aqueous
dissolution of metals and metal compounds, the aim of this project was
to conduct systematic experiments contributing to a better understanding of how nanomaterials solubility can be tested and evaluated under
the auspice of the OECD framework. The focus was to evaluate the
performance of different techniques used to separate the dissolved and
non-dissolved fraction of nanomaterials, namely: dialysis membranes,
Diffusive Gradients in Thin films (DGT) and ultracentrifugation. The
ion release from CuO nanoparticles (< 50nm) and Ag nanoparticles
(20nm) were used as case studies. In a comparative study of the three
separation methods we found a good reproducibility between replicates and a good recovery (88-99% of nominal concentrations) of Cu
ions (added as Cu-salts). However, we observed a large difference in
results between the three applied methods. Based on these first results
we would recommend ultracentrifugation as the most suitable method
as it also offers the advantage of being ‘material-independent’ when
correctly adjusted for particle sizes and density. In additional studies
the dissolution of the two nanomaterials, Ag and CuO, was found to
be media-dependent, with higher degree of dissolution in the media
recommended in the OECD guidance document for dissolution of metals adjusted to pH 6 (ENV/JM/MONO(2001)9) compared to USEPA
Moderately hard reconstituted water (pH 8). The dispersions were found
not to be stable over the duration of the 96h test period and adsorption
to laboratory equipment was observed. On this basis some methodological investigations were undertaken and results of these will be presented.
This work feeds into the development of an OECD test guideline for
testing the dissolution of nanomaterials.

WP087 Quantifying the value of nanomaterial risk research and
identifying efficient research portfolios
M.E. Bates, US Army Corps of Engineers, ERDC / Engineer Research and
Development Center
Nanotechnologies are commercially important but potentially toxic.
Additional research to better classify material risks can enable action
that makes useful nano-enabled technologies safer and more acceptable.
Given limited resources, funders need to prioritize among the many
possible research efforts. A decision analytic concept called “Value of
Information” (VoI) quantifies the expected benefits of new information
for improving outcomes in a particular decision context. VoI works by
calculating the expected value of the best decision given each possible
result of research. It takes the probability weighted average of this value
across the possible information states, and compares this to the expected
value of the best decision undertaken in the absence of new information.
We have previously applied VoI for research on nanotechnology manufacturing when faced with a choice among several production techniques.
We now apply VoI to the much larger problem of allocating national
resources across the portfolio of potential research efforts to clarify the
level of particular hazards for particular nanomaterials, based on literature reviews, expert judgment, characterization of existing uncertainties,
hazard banding, and research cost estimates.

Modeling Chemical Exposure
WP088 The SETAC Exposure Modeling Advisory Group: Past,
present, and the future (reinforcing the role of exposure science within
SETAC)
T. Gouin, Unilever / Safety and Environmental Assurance Centre
A continuing challenge associated with the assessment of human and
ecological risks associated with the use of chemicals in our modern
society regards the lack of relatively quick, inexpensive, and reliable tools
that integrate the various aspects of exposure relative to the intrinsic
toxicity that an individual chemical may possess. Recently the NRC
have published a series of reports outlining a strategy for conducting
risk assessment in the 21st century, which are helping to create large
databases of information, particularly related to developing an improved
mechanistic understanding of toxicity pathways. Complementing
improvements to the understanding of toxicity pathways is the need for
improved quantification of the dose-response relationship, for which it is
suggested that exposure science plays a critical and important role, and
which is summarized in a document recently published by the National
Academy of Sciences. The report identifies a number of activities highlighted as new opportunities for exposure science. These include the
development of state-of-the-art methods and technologies to measure
exposures, both external and internal, as well as the developments in
geographic information science and technologies that are leading to rapid
adoption of novel tools for improved characterization of spatially resolved
exposure concentrations, and informatics activities that are leading to
the development of an ExpoCast Database, the objective of which is
to archive measurements from human exposure studies and to support
standardized reporting of observational exposure information. Here
we present the evolution of the SETAC Exposure Modeling Advisory
Group (EMAG) and suggest how the goals of the EMAG closely align
to the ambitions of the NAS report with respect to defining a strategy for
exposure science in the 21st Century.
WP089 Applying and evaluating the RAIDAR model to address data
gaps for chemical exposure assessment: A case study for dechlorane plus
A. Falls, ARC Arnot Research & Consulting; J.M. Armitage, Univ of
Toronto - Scarborough / Physical and Environmental Sciences; T. Gouin,
Unilever / Safety and Environmental Assurance Centre; M.A. Bonnell,
Environment Canada / Ecological Assessment Division; J.A. Arnot, ARC
Arnot Research & Consulting / Dept of Physical Environmental Science
Chemicals are being evaluated to determine if they pose unacceptable
risks to the environment or human health. The majority of chemicals
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widely used in commerce are not measured (monitored) in environmental
media; therefore, knowledge regarding their environmental occurrence
and fate is limited and is often based on the use and output of exposure
models. Exposure data gaps significantly hinder the ability to conduct
exposure and risk assessments and uncertainty is high. Some monitoring data exist for certain “priority” chemicals identified through various
screening efforts. Mass balance fate, bioaccumulation and exposure
models have been developed to address these data gaps, to interpret field
measurements, and to improve mechanistic knowledge for chemical
exposure. As a first tier, high-throughput screening-level models have
been developed and applied for exposure- and risk-based screening and
chemical prioritization. A critical uncertainty in the parameterization
and use of all exposure and risk models is chemical use and emission
rate information. If monitoring data are available, inverse modeling
can be used to guide model parameterization to address uncertainty in
chemical emission rate data. The Risk Assessment IDentification And
Ranking (RAIDAR) mass balance model includes Level II and Level III
fugacity-based fate calculations for organic chemicals in air, water, soil,
sediment and representative aquatic and terrestrial species and food web
bioaccumulation models comprising various trophic levels (e.g., plants,
invertebrates, fish, birds and mammals) in a regional-scale evaluative
environment. Here we apply RAIDAR and inverse modeling to address
exposure data gaps in a case study for dechlorane plus. A monitoring
database of measured air concentrations from the Great Lakes region
is used to guide the RAIDAR model parameterization for chemical
emission rates. A monitoring database of 150 measured concentrations in
other multi-media (water, sediment, biota) from the Great Lakes region
is used to evaluate the model performance. Uncertainty in chemical
property information (partitioning properties and degradation half-lives)
and in the estimated emission rate is propagated into model calculations for exposure in the multi-media environment. This case study
demonstrates how inverse modeling techniques can be used to estimate
environmental concentrations to address data gaps and uncertainty for
chemical exposure assessment.
WP090 Introducing BIONIC v2: A mechanistic mass balance model
for predicting bioconcentration factors (BCFs) of ionizable organic
chemicals in fish
J.M. Armitage, Univ of Toronto - Scarborough / Physical and Environmental
Sciences; T.N. Brown, Dalhousie Univ / Dept of Chemistry; F. Wania,
Univ of Toronto at Scarborough / Physical and Environmental Sciences; D.
Mackay, Trent Univ; J.A. Arnot, ARC Arnot Research & Consulting / Dept
of Physical Environmental Science
The bioaccumulation potential of ionizable organic chemicals (IOCs)
is of increasing interest to the scientific and regulatory community.
Key examples of IOCs with environmental relevance include anionic
and cationic surfactants (e.g., perfluoroalkyl acids, linear alkylbenzene
sulfonates, fatty amines) and active pharmaceutical ingredients (e.g.,
fluoxetine, diclofenac, ranitidine). Whereas tools to model the bioaccumulation potential of neutral organic chemicals are well-established
in the peer-reviewed literature and regulatory practice, it is only recently
that models to assess the behavior of IOCs have been developed and
evaluated. The purpose of this presentation is to introduce the latest
version of BIONIC (v2), a mechanistic mass balance model for predicting whole-body bioconcentration factors (BCFs) of IOCs in fish. Key
features of the BIONIC model include the ability to parameterize the
model for different environmental conditions (water temperature, dissolved oxygen content, bulk pH) and fish characteristics (mass, tissue
composition, biological pH). Besides BCFs, model output includes the
estimated chemical uptake efficiency at the gills, uptake and elimination
rate constants and also the time to reach 95% of the steady-state BCF.
The BIONIC model is applied illustratively to demonstrate the influence of environmental conditions and fish characteristics on predicted
BCFs as well as the role of biotransformation in determining the bioaccumulation potential of IOCs. Recent advances in tools available to
parameterize the BIONIC model (e.g., estimation of membrane-water
partitioning, K MW) are also highlighted. Finally, remaining challenges
and key data gaps for assessing the bioaccumulation potential of IOCs in
aquatic organisms are identified and discussed.
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WP091 Simulating the impact of Aboriginal Arctic traditional food
substitution on nutrient and persistent organic pollutant intakes
M.J. Binnington, Univ of Toronto Scarborough / Dept. Physical and
Environmental Sciences; M.S. Curren, Health Canada / Chemicals
Surveillance Bureau Healthy Environments and Consumer Safety Branch; L.
Chan, Univ of Ottawa / Biology; F. Wania, Univ of Toronto at Scarborough
/ Physical and Environmental Sciences
Traditional food (TF) consumption remains an important source of
critical nutrients for Aboriginal Arctic Canadians. However, these food
items also represent these populations’ main route of persistent organic
pollutant (POP) exposure. Particularly, the intake of lipid-rich marine
mammal blubber may lead to POP concentrations in individuals sensitive
to the adverse health impacts of POP exposure (ex. women of childbearing age) above governmental thresholds. We sought to investigate
whether substitution of more highly contaminated TFs, such as beluga,
narwhal, or ringed seal blubber, with food items appreciably less contaminated with POPs, such as Arctic char, caribou, or Canada goose, could
significantly reduce estimated POP exposure among Aboriginal women
of childbearing age, while still maintaining adequate nutrient intake. To
investigate these issues, we combined the global fate and transport model
GloboPOP and the human food chain bioaccumulation model ACCHuman Arctic to simulate polychlorinated biphenyl (PCB) exposure
in Aboriginal Arctic women of childbearing age consuming TF items
at the mean rate reported by 2007-2008 Inuit Health Survey participants. We also calculated daily nutrient intake rates for several minerals,
vitamins, and essential n-3 polyunsaturated fatty acids (PUFAs), based
on the nutrient contents of TFs from the Health Canada Canadian
Nutrient File. We then estimated changes to estimated POP exposures
and nutrient intake rates based on different scenarios varying the extent
and duration of marine mammal blubber replacement with alternative
TFs. Particularly, we were interested in whether TF substitution resulted
in simulated individuals falling below the historical Health Canada
guidance value for total PCB exposure, while at the same time assessing
nutrient intake changes relative to Health Canada recommended daily
allowances (RDAs). Initial results suggest that long-term marine mammal blubber substitution can successfully reduce individual Aroclor 1260
exposures below this guidance value while maintaining intake rates for
most nutrients. However, intakes of iron (Fe), selenium (Se), and the n-3
PUFAs docosahexaenoic acid (DHA) and eicosapentaenoic acid (EPA)
were significantly impacted by TF substitutions, dropping below Health
Canada RDAs for Se and EPA in certain replacement scenarios.
WP093 Unifying data from chemistry, biology, and health fields of
science within a single framework to improve human PBTK modeling
T.N. Brown, Dalhousie Univ / Dept of Chemistry
Physiology-based toxicokinetic (PBTK) models mechanistically describe
the absorption, distribution, metabolism and excretion of chemicals in
living organisms. The physiological information included in PBTK models is typically quite limited, because there is a tendency to lump model
compartments together. Lumping is widely used because this reduces
the number of physiological input data required for parameterization,
and because much of the measured data are time trends in blood which
can often be adequately fitted with relatively simple models. However, in
some areas of the literature there is an increasing tendency towards more
complex PBTK models. This increasing complexity is motivated by two
main factors: first the need to model small molecule distribution in specific target organs and tissues rather than only in blood or only as a whole
body burden, and second the recognition that traditional sorption models
do not adequately explain the distribution of some small molecules, and
following from this the need to develop a more universal and mechanistic understanding of the distribution of all small molecules in living
organisms. The primary goal of this research is to help fulfill these needs
by providing an accessible and consolidated resource for detailed human
physiological information, which will help facilitate the development of
increasingly complex human PBTK models. Aside from being a major
endpoint of interest in chemical hazard and risk assessment, humans
are the most well studied animal, with a wealth of information available
from the human health sciences. A number of well-established fields of
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research cover various aspects of the composition and spatial arrangement of sorption media in the human body, including biochemistry, body
composition, cell biology, histology, imaging, nutrition, and physiology.
Data from these different fields are unified within a single mass-balance
framework of the human body, and an overview of the results to date will
be presented.
WP094 Environmental fate and exposure modeling of home and
personal care products in Asia: Ecohope
O. Jolliet, Univ of Michigan / Environmental Health Sciences; C. Wannaz,
Univ of Michigan, Ann Arbor / SPHEHS; A. Franco, Unilever / Safety
and Environmental Assurance Centre; O. Price, Unilever / Colworth
Science Park; L. Huang, Univ of Michigan / Dept of Environmental Health
Sciences; J. Hodges, Unilever / SEAC; J. Kilgallon, Unilever
The increasing use of household (e.g., HPC) products in developing
countries requires new tools to assess the potential ecological impacts
of HPCs, accounting for local hydrological and use characteristics. The
aim of this project is therefore the development a tiered and geographically refined modeling framework to improve the environmental risk
assessment of down-the-drain chemicals. We aim to develop a model to
describe the hydrological and multimedia fate of releases associated with
the use of household chemicals in Asia and Oceania. We then aim to
combine the fate model with georeferenced emission scenarios to predict
chemical concentrations in the environment as a basis for performing
ecological risk assessment at different scales (hotspots, countries, market
clusters, ecoregions, continent). Geo-referenced emissions scenarios for
eight test substances are first determined for the entire Asia using the
ScenAT model, differentiating between treated and untreated wastewater discharge. These emission scenarios are then used as input to the
regionalized USEtox (tier I ) and of the Pangea fate and exposure model
(tier 2) that has the ability to create scenario-specific multi-scale grids.
As output the model yields chemical exposure maps and ecosystem risk
characterization in river catchments across Asia. These are then used
to identify hotspots that will warrant future refinement and the definition of archetypes for advanced ecological modeling. The presentation
compares resulting concentrations of different types of chemicals with
different usages: LAS and triethanol amine esterquat (TEAQ ) as ionic
surfactants, triclosan and methylisothiaxolinone (MIT) as antimicrobial
and preservative, D5 as a siloxane emollient, permethrin as an insecticide and ibuprofen as a pharmaceutical, accounting for the chemical
properties of each of these substances. Of special interest is the contrast
between short lived chemicals in surface water such as LAS for which
dilution leads to decreasing concentrations as we move downstream
main rivers versus more persistent chemical such as triclosan for which
concentrations tend to build-up across river segments down to the estuary. Locations with high exposure concentrations result from different
combinations of controlling factors: e.g., high population and emissions
versus areas of low advection flow, long travel times of water to the sea.
WP095 Assessing the impact of adult physiological variability on the
magnitude of chemical-chemical metabolic interactions
M. Bteich, Université de Montréal / Occupational and Environmental
Health; S. Haddad, Université de Montréal / Departement of
Environmental Occupational Health
The purpose of this study was to assess the impact of adult interindividual variability in physiological and biochemical characteristics on the
magnitude of chemical-chemical competitive inhibition at the hepatic
clearance level. A variation in commonly-known reactions of the population may become more significant due to the existence of interindividual
variability. In this study, theoretical chemicals were considered bound
or unbound to albumin and distinctively metabolized by CYP2E1 (CV=
4.08%), CYP3A4 (CV= 33%) and CYP1A2 (CV= 54.76%), which are
the most solicited enzymes for the biotransformation of chemicals in
the human liver. Thus, three models of hepatic clearance (CLh) were
selected; the Well-Stirred (W.S.), the Parallel-Tube (P.T.) and the
recently-adapted model developed by Poulin et al. (2012) for the in
vitro-in vivo extrapolation of clearance (IVIVE-POULIN). Statistical
data of pertinent parameters served as inputs in the PBTK mathematical

equations to run Monte Carlo iterations (n= 1000; confidence interval
of 95%). The theoretical graphics obtained from iterated simulations,
showed a decrease of CLh (L/min) and a narrowing of variability bands,
all depending on the increase of the inhibitor’s concentration ([I]/ki)
values. The change of CLh became statistically significant at different values of [I]/Ki according to the type of the quantative model,
the enzyme (CYP450) and the intrinsic clearance (CLint). As for the
IVIVE-POULIN model, the variability of the unbound fraction in
incubation also had an impact on the predicted hepatic clearance. In
conclusion, this PBTK modeling approach succeeded in evaluating the
impact caused by the physiological variability on the magnitude of the
competitive inhibition for the chosen adult subpopulation. This novel
approach may be useful, for different subpopulations, when incorporated
in environmental and health risk assessment of ingested toxicants that
interact in the human body.
WP096 Modeling the Fate and Transport of Contaminants for
Sediment Assessment and In-situ Remedial Design by Using Two
Novel Tools CapSim and CapAn
X. Shen, University of Texas at Austin / Chemical Engeneering; D.D.
Reible, Texas Tech Univ / Civil and Environmental Engineering
This paper will present the application of two novel modeling tools,
CapAn and CapSim, to the assessment of the redox-sensitive contaminant mercury and the persistent hydrophobic contaminants PAHs and
PCBs in contaminated sediments. The models will be used to predict the
performance of common in-situ remedial approaches including in-situ
treatment, capping and amended capping. The contaminated sediment,
the in-situ amended sediment and the amendment caps are modeled as a
multi-layered system with various layer properties and kinetic processes.
CapAn is an analytical model limited to linear sorption and desorption
and local-equilibrium. CapSim is a numerical model that extends the
modeling to non-linear and non-equilibrium sorption as well as sediment consolidation and deposition. The kinetic processes in the mercury
case are described as biogeochemical reactions involving mercury and its
most toxic compound methylmercury, which depend on the availability
of oxygen and carbon source. While the kinetic process in the persistent
hydrophobic contaminant cases is simplified to a first-order decay reaction. The mobility and bioavailability of the contaminants is modeled. The
impacts from the potential sediment processes, bioturbation, deposition
and consolidation to the contaminant behavior are also analyzed. The key
processes controlling the migration of contaminants into the cap isolation
layer and the biologically active layer are studied. A recommended in-situ
remediation design and a sensitivity analysis on the design parameters are
included. The application of the models here to the assessment of contaminated sediment and in-situ remedial design will be illustrated at a variety
of sediment sites. The simulation results from both CapAn and CapSim
will be compared to each other to verify the validity and applicability.
WP097 Predicted phototoxicities of carbon nano-material by quantum mechanical calculations
D. Betowski, USEPA / ORD NERL-ESD
The purpose of this research is to develop a predictive model for the
phototoxicity potential of carbon nanomaterials (fullerenols and carbon
single-walled nanotubes). This model is based on the quantum mechanical (ab initio) calculations on these carbon-based materials and compare
the triple excited states of the materials to published work relating phototoxicity of polynuclear aromatic hydrocarbons (PAH) to their predictive
triple states (The Phototoxicity of Polycyclic Aromatic Hydrocarbons:
A Theoretical Study of Excited States and Correlation to Experiment.
Leon D. Betowski, Mark Enlow, and Lee Riddick Computers &
Chemistry. 2002, 26(4), 371-377.) A successful outcome will add another
tool to the arsenal of predictive methods for the program offices as they
assess the toxicity of compounds in use or coming into commerce. The
basis of this research is obtaining the best quantum mechanical structure
of the carbon nanomaterial and is fundamental in determining their
other properties. Therefore, their predictive phototoxicity is directly
related to the materials’ structure. The results of this project will dictate
the future uses of these materials, and thus figure in the sustainability
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paradigm. This project relies heavily on the interaction of the predictive
results (physical chemistry) and the experimental results obtained by
USEPA biologists and toxicologists. The results of the experiments (toxicity testing) will help refine the predictive model, while the predictions
will alert the scientists to red flag compounds. It is hoped that a guidance
document for USEPA will be forthcoming to help determine the toxicity
of compounds. This can be a screening tool that would rely on further
testing for those compounds found by these predictions to be a phototoxic effect to health and the environment.
WP098 Development of Helisoma Trivolvis pond snails as biological
passive samplers for the biomonitoring of current-use pesticides
S.A. Morrison, J.B. Belden, Oklahoma State Univ / Integrative Biology
Non-target aquatic organisms residing in wetlands are commonly
exposed to current-use pesticides through spray drift and runoff.
However, it is frequently challenging to measure exposure due to rapid
dissipation of pesticides from water and reduced bioavailability. Our
hypothesis is that freshwater snails can serve as passive samplers based on
accumulated tissue residues. Helisoma trivolvis pond snails were evaluated as bioindicators of pesticide exposure using a fungicide formulation
that contains pyraclostrobin and metconazole and is frequently applied
to crops surrounding depressional wetlands. Dose-response exposures
indicate that H. trivolvis are tolerant of pyraclostrobin and metconazole
at concentrations > 10x those lethal to many aquatic species with a
median lethal concentration based on pyraclostrobin of 441 µg/L (95%
CI of 359-555 µg/L). Bioconcentration factors ranged from 137-211
mL/g and 39-59 mL/g for pyraclostrobin and metconazole, respectively.
Depuration studies suggested one-compartmental elimination and
allowed for fungicide detection up to 240 h and 24 h for pyraclostrobin
and metconazole, respectively. As such, pyraclostrobin body residues can
be measured in snails long after water concentrations fall below detection limits. With high fungicide tolerance, rapid accumulation, and slow
depuration, H. trivolvis may be viable for biomonitoring of pyraclostrobin and should be investigated for other pesticides.
WP099 Evaluation of dietary exposure using stable isotope measurements and dietary contribution analysis in the berry’s creek study area
(New Jersey, USA)
K. Whitehead, D. Dishman, J.L. Durda, Integral Consulting Inc.
Food web structure and dynamics are important factors influencing
chemical accumulation in biological tissues yet have rarely been explicitly studied as part of ecological risk assessments. Typically the food
web structure and dietary sources to consumers are based on published
literature and some rather limited site-specific community surveys, while
assumptions regarding dietary sources are based on food habits of the
particular species of interest and literature derived values. Measurements
of the proportional dietary contribution to a consumer are valuable
data to better characterize exposure scenarios. Stable isotopes allow
for the evaluation of trophic relationships and the dietary composition of consumers. We present the analysis of a food web for the urban
estuary Berry’s Creek Study Area (New Jersey, USA). Samples were
collected from 16 different prey and consumer items and analyzed for
stable isotope compositions. Stable isotope data for carbon, nitrogen and
sulfur were used to evaluate the food web structure of the estuary for
receptor fish species. Dietary groups were identified within the data set
using the potential trophic role of each organism (for example, primary
producers) and statistically distinct isotopic patterns. Prior to modeling we first tested whether the dietary sources could likely explain the
consumer isotopic patterns using mixing analysis (Smith et al. 2013).
The proportional contribution of each dietary group to fish species was
then estimated using a Bayesian mixing model (Parnell et al. 2010;
Stable Isotope Analysis in R). Model results were evaluated using the
posterior distributions and correlations in addition to comparison of
different input selections using information metrics. Model results are
compared to information from gut content analysis of fish showing that
the model captures the general dietary patterns. This analysis highlights
both the technical considerations that must be made to conduct a food
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web analyses for risk assessment and the value this information provides
to capture dietary exposure routes in a more quantitative manner to
constrain risk calculations.
WP100 Can we “see” signals of anthropogenic mercury emissions in
the Great Lakes region? Effect of variability in emissions from coal
combustion
A. Giang, MIT / Inst for Data Systems and Society; N.E. Selin, Inst of Data
Systems and Society Dept of Earth Atmospheric and Planetary Sciences
We use chemical transport modeling and quantitative uncertainty
analysis to better understand the extent to which policy-related anthropogenic emissions changes can be detected in monitoring for persistent
pollutants. We use a case study of wet deposition and atmospheric
concentrations of mercury in the Great Lakes region. Mercury is a
potent, persistent toxin that can cause adverse health effects for humans
and wildlife. As a result, preventing exposure to mercury has become an
important policy goal at multiple governance levels, from international to
local. The Great Lakes region has been a critical focus for mercury policy
because it experiences a large amount of mercury contamination, much
of which comes from sources outside North America, and also because
it is home to communities that are particularly vulnerable to mercury
exposure through a high rate of freshwater fish consumption. However,
uncertainties in our understanding of mercury emissions, biogeochemical
cycling, and our ability to measure these processes, can make it difficult
to assess whether emissions control policies, particularly those at the
global-scale, are effectively reducing mercury inputs into this vulnerable
ecosystem. We assess how variability in the performance of air pollution
control devices (APCDs) in coal-fired power plants affects our ability to
detect signals of emissions changes. Between 2005 and 2010, substantial
changes occurred in the application of APCDs in both the US and globally, resulting in changes to total mercury emissions, and the speciation
of these emissions. Given plant-by-plant variability in the performance
of APCDs with respect to mercury capture efficiency, and resulting
stack speciation, to what extent can we “see” a signal of these APCD
changes at monitoring stations in the Great Lakes region? We conduct
Monte Carlo modeling experiments with a reduced-form version of the
GEOS-Chem mercury model. We quantitatively examine trends in wet
deposition, atmospheric concentrations, and correlations between these
measures to identify potential indicator metrics through which emissions signals might be detected. We compare the size of these “signals”
to “noise” from other sources of measurement and process uncertainty.
We then explore these indicators in observational records from monitoring stations. We discuss how these quantitative techniques could be
expanded to assess other persistent pollutants such as PCBs and PAHs.

Systems Biology Approaches for Advancing
Adverse Outcome Pathways for Risk
Assessment
WP101 Systems Biology Approaches for Advancing Adverse
Outcome Pathways for Risk Assessment
N. Vinas, Mississippi State Univ / Environmental Laboratory; C.A.
Murphy, Michigan State Univ / Fisheries and Wildlife
The adverse outcome pathway (AOP) framework is theoretically
grounded. Nevertheless, there is a need to develop quantitative links in
order for the framework to be usable for risk assessment. These quantitative linkages can be developed using systems biology approaches,
including computational and modeling techniques. While the AOP
field is not completely new, it is continuously evolving from conceptual
approaches to real-life applications. In this session we reflect on novel
systems biology approaches that are being applied to make AOPs useful
for risk assessment, covering the application of these approaches to delineate and advance AOPs. Furthermore, we will explore the use of AOPs
in non-traditional model species and invertebrates. We will also highlight
the utility of the fish embryo as a model for human and environmental
health, and discuss current and new challenges to AOP development,
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such as incorporating behavior, epigenetics, cross species extrapolations
and mixtures, and highlight some potential solutions. We will facilitate
discussion on how to incorporate high throughput assays, such as those
used for endocrine disruption screening, as well as cell free assays. Special
emphasis will be given to cutting edge computational and modeling
approaches, such as QSAR, TKTD and GUTS. Finally we will include a
discussion on how to apply AOPs to use in real ecological disasters, wastewater treatment, and green chemistry. We will welcome a discussion on
the state of AOPs and philosophical implications for society and science
as these techniques and approaches evolve to broad-scale use.
WP102 Weight of Evidence Evaluation of Adverse Outcome
Pathways Converging at Impaired Vitellogenin Synthesis Leading to
Reproductive Impairment
K.M. Jensen, G.T. Ankley, USEPA / National Health and Environmental
Effects Research Laboratory; S. Edwards, Integrated Systems Toxicology
Division; D.L. Villeneuve, USEPA / Mid-Continent Ecology Division
Adverse outcome pathways (AOPs) provide a framework that supports
greater use of mechanistic data measured at lower levels of biological
organization as a basis for regulatory decision-making. However, it is
recognized that different types of regulatory applications and decisions
require different levels of scientific confidence or certainty. Consequently,
evaluation of the weight of evidence, both in terms of biological plausibility and empirical support, underlying the key event relationships depicted
in an AOP is a major determinant of its “fit-for-purpose” for different
regulatory applications. While many AOPs are currently being developed
and described in the internationally harmonized AOP knowledgebase
(aopkb.org), there remains a paucity of examples for which a comprehensive weight of evidence assembly and evaluation has been completed. This
presentation illustrates key aspects of the weight of evidence evaluation
using a network of three AOPs linking the molecular initiating events of
aromatase inhibition, androgen receptor agonism, and estrogen receptor
antagonism to reductions in vitellogenin synthesis in female fish leading,
ultimately, to reproductive impairment. Empirical data from the literature were organized into tables that facilitate evaluation of the temporal
and dose-response concordance of key events depicted in the AOPs.
Additional elements of the Bradford Hill criteria including biological
plausibility, essentiality, and incidence concordance were also considered.
Although the process for weight of evidence evaluation was adapted from
the International Programme on Chemical Safety’s Mode of Action
(MOA) Framework, there are some key differences between MOA analysis and the weight of evidence evaluation for AOPs and AOP networks.
Most notably, MOA analyses are chemical specific, while AOPs are
developed in a manner that is not chemical-specific and thus can draw
upon evidence from many chemical stressors. Additional challenges and
efficiencies associated with applying weight of evidence evaluation to an
AOP network are described. The case study provides a useful example
for others in the field to draw upon as they conduct WOE evaluations
for other AOPs and AOP networks. The contents of this abstract neither
constitute, nor necessarily reflect, official USEPA policy.
WP103 Exploring a Local Quantitative Structure-Activity
Relationship (QSAR) Model developed from Mode-of-Action Data
in an Adverse Outcome Pathway (AOP)
M. Kawa, H. Carlson-Lynch, J. Melia, L. Morlacci, J. Rhoades, C. Rudisill,
K. Salinas, J.L. Tunkel, SRC, Inc. / Environmental Health Analysis
Local QSAR models corresponding to specific health outcomes within
a chemical class may be useful for predicting the toxicity of unstudied
compounds in support of Green Chemistry and safer alternative efforts.
Exploration of the local QSAR model descriptors provides advanced
understanding of the model’s application and improves confidence in
model results. The utility of Mode-of-Action (MOA) data for developing local QSAR models was evaluated by: 1) querying publicly available
databases to identify well characterized chemicals (i.e., chemicals with
toxicity values from EPA, ATSDR or CalEPA) with MOA information available; 2) clustering these chemicals for read-across using a
structure-based approach; 3) selecting clusters where all members are
expected to have a similar MOA. The clustering exercise, performed

on 877 chemicals using our Chemical Assessment Clustering Engine
(ChemACE), resulted in the formation of approximately 90 clusters.
One cluster was identified for further evaluation because its members
are structurally-similar to 2-butoxyethanol, a commercial chemical
with well-documented hematotoxicity effects. Hematotoxicity data for
cluster members were evaluated using both a chemical and toxicological perspective to aid in the identification of information-rich QSAR
descriptors that specifically describe the MOA and are not based on a
serendipitous relationship. Detailed investigation by both chemists and
toxicologists was necessary to elucidate the MOA and define potency
trends based on steric, electronic, lipophilic, or other factors. An AOP
was described for 2-butoxyethanol-induced hematotoxicity, where the
molecular initiating event (MIE) involves interaction between the oxidized metabolite (2-butoxyacetic acid) and the erythrocyte membrane.
The results of data collection and evaluation indicated that neither the
rate of metabolism of the alcohol to the acid nor their corresponding dissociation constants are sufficient to explain the observed trends. Instead,
the interaction of the beta ether oxygen in an intramolecular 5-membered calcium chelate better describes the observed trends. Seventy-eight
analogous chemicals were identified through the use of Analog
Identification Method (AIM) software; these chemicals are expected to
behave in a similar fashion and may be used to further explore the model’s applicability domain. The evaluation of chemical descriptors studied
for the local QSAR developed from MOA data will be presented.
WP104 Development of Quantitative Adverse Outcome Pathways for
Ecological Risk Assessment
K.H. Watanabe, Oregon Health & Science Univ / Environmental and
Biomolecular Systems; I.R. Schultz, Battelle Northwest Laboratories /
Marine Science Laboratory
A goal of ecological risk assessment is to identify anthropogenic stressors that threaten the sustainability of a population of organisms. For
chemical stressors, adverse outcome pathways (AOPs) are data driven,
conceptual frameworks that link key events required for an adverse
effect. AOPs span multiple scales of biological organization from the
molecular to population-level and may focus upon a variety of effects,
e.g., behavior, development or reproduction. A quantitative AOP is a
mathematical/computational model or group of models that represent an
AOP to enable predictions of effects based upon input data obtained at
lower levels of biological organization; ideally the molecular level where
a variety of in vitro assays are being developed to characterize chemical
toxicity. This presentation highlights our book chapter about the development of quantitative AOPs and focuses upon methods for developing
quantitative AOPs with an emphasis upon specific needs for application
in risk assessment. These include the evaluation of data quality, characterization of uncertainty and variability, and model evaluation. Examples
from fish reproduction will be presented to illustrate two different
approaches: (i) linking existing models developed at different scales of
biological organization in order to span the AOP; and (ii) developing a
new multi-scale model for the AOP of interest. We conclude that both
approaches are viable options for quantitative AOP development and the
choice of approach depends upon available resources.

Sturgeon Ecotoxicology: Contaminant Risks
to Endangered Populations
WP105 Characterization of metallothionein in two ancient fishes
exposed to metals: White sturgeon and lake sturgeon
S. Beitel, J.A. Doering, Univ of Saskatchewan / Toxicology Centre; B.K.
Eisner; T. Heide, H. Hollert, RWTH Aachen Univ / Inst for Environmental
Research; J. Giesy, Univ of Saskatchewan / Dept of Veterinary and
Biomedical Sciences and Toxicology Centre; M. Hecker, Univ of
Saskatchewan / School of the Environment and Sustainability and Toxicology
Centre; S. Wiseman, Univ of Saskatchewan / Toxicology Centre
To date, all 24 species of sturgeons found in Europe, Asia, and North
America are protected under the Convention on the International Trade
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of Endangered Species of Wild Fauna and Flora (CITES). Declines of
sturgeon populations are thought to be the result of alterations to habitat,
over harvest, predation by or competition from introduced species, exposure to pathogens, and pollution. Metals are one class of pollutants of
concern to populations of sturgeons, with primary sources being past and
present activities of mines, metallurgical facilities, pulp and paper mills,
and other industrial and municipal input sources leading to the exposure
of sturgeons to metals. White sturgeon (Acipenser transmontanus)are
among the most sensitive species of fishes toCu, Cd, and Zn, but there is
no information about the sensitivity of lake sturgeon (Acipenser fulvescens) to these metals. To begin to elucidate the molecular mechanism(s)
of sensitivity of sturgeons to metals, a cDNA encoding metallothionein
(MT) was amplified from livers of white sturgeon (WS-MT) and lake
sturgeon (LS-MT), and expression in response to Cu, Cd, or Zn was
characterized in liver explants from each species. In vitro liver explants
were chosen to address concerns of the large number of animals required
by current toxicity testing approaches, in particular when working with
species at risk such as sturgeon. The primary structure of WS-MT and
LS-MT contained 20 cysteine residues, which is the same as MTs of
teleost fishes. However, the primary structure of WS-MT and LS-MT
contained 63 amino acids, which is longer than any MT identified in
teleost fishes. Abundance of transcripts of WS-MT in explants exposed
to 0.3, 3.0, 30, or 100 µg/L of Cu was 1.7-, 1.7-, 2.1-, and 2.6-fold less
than in controls, respectively. In contrast, abundances of transcripts of
WS-MT were 3.3- and 2.4-fold greater in explants exposed to 30 µg/L
of Cd and 1000 µg/L of Zn, respectively. Abundance of transcripts
of LS-MT was not significantly different at any concentration of Cu,
Cd, or Zn. MT is hypothesized to represent a critical mechanism for
detoxification of metals. Results of this study suggest that sensitivity
of sturgeons to exposure to Cu, Cd, or Zn is likely not a result of MT
proteins that are inefficient or incapable of binding metals, but might be
a result of the relatively lesser maximal response of MT to metals. The
study also suggests lake sturgeon might be more sensitive than white
sturgeon to metals.
WP106 Effects of chronic dietary exposure to selenomethionine on the transcriptome of juvenile white sturgeon (Acipenser
transmontanus)
S. Patterson, Univ of Saskatchewan / Toxicology Centre; J. Zee, Univ of
Saskatchewan / School of Environment and Sustainability; S. Tang, School
of Environment and Sustainability; S. Wiseman, Univ of Saskatchewan
/ Toxicology Centre; M. Hecker, Univ of Saskatchewan / School of the
Environment and Sustainability and Toxicology Centre
White sturgeon (WS) are an ancient species of fish endemic to western
North America. Unfortunately, their populations have been declining
since the 1800’s. Due to their longevity and benthic lifestyle WS might
be particularly susceptible to bioaccumulative toxicants. Selenium (Se)
is an essential micronutrient, but can be highly toxic to vertebrates,
including fish, at slightly elevated concentrations. The organic form of
Se, selenomethionine (SeM), is the major dietary form to which aquatic
organisms are exposed and has become a particular environmental
concern as it persists, bioaccumulates and biomagnifies. SeM can affect
various physiological processes in fish but there is limited understanding
in regards to its effects on WS as well as its specific mode(s) of toxicity.
Therefore, the goal of this study was to characterize molecular pathways
of toxicity of SeM in WS and link these with specific physiological
effects. Juvenile sturgeon were administered food spiked with 0, 5, 25,
or 100 ug/g dm of SeM for 72 days. After 10 days a sub-sample was
collected and liver samples from control and medium dosed fish were
analyzed by use of Illumina sequence-by-synthesis technology to investigate transcriptional responses and identify physiological processes that
might be adversely impacted by exposure to SeM. Investigation of transcriptional responses by use of RNA-seq indicated 376 transcripts were ≥
2 fold up-regulated and 348 were ≥ 2 fold down-regulated, while 13,175
transcripts remained unchanged. Differentially expressed transcripts
were analyzed through ClueGO, a Cytoscape plug-in, to determine
gene ontology categories and their relationships. Significant changes
were observed in genes involved with regulation of carbohydrate, lipid,
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cholesterol, amino acid and xenobiotic metabolism, as well as apoptosis,
suggesting these pathways might play a role in mediating SeM toxicity in sturgeon. Further investigations are currently underway that link
these changes at the molecular level with apical outcomes determined in
a parallel study with the ultimate goal to identify the molecular initiating
events that are responsible for adverse outcomes of the exposure of WS
to SeM.
WP107 Relative potencies and relative sensitivities of dibenzop-dioxins, dibenzofurans, and polychlorinated biphenyls in white
sturgeon and lake sturgeon
B.K. Eisner; J.A. Doering, S. Beitel, S. Wiseman, Univ of Saskatchewan
/ Toxicology Centre; R. Lohmann, Univ of Rhode Island / Graduate
School of Oceanography; M. Hecker, Univ of Saskatchewan / School of the
Environment and Sustainability and Toxicology Centre
Due to their endangered status, sturgeons are of interest in context
with risk assessment of anthropogenic stressors. However, current risk
assessment attempts are hampered by a lack of knowledge about the
sensitivity of sturgeons to toxicants of concern. One class of pollutants
of concern to sturgeons are dioxin-like compounds (DLCs). DLCs of
varying toxicities are found in the environment in complex mixtures
and are known to cause a variety of adverse effects in fishes. In order to
enable streamlined risk assessment of DLCs, previous studies developed
the toxic equivalency factor (TEF) approach based on the potency of a
DLC relative to the potency of the most toxic DLC, 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD). One limitation of the TEF approach is
uncertainty regarding differences in relative potency (ReP) of individual
DLCs among different fishes. RePs among fishes are limited relative to
RePs for DLCs among birds and mammals, with TEFs for fishes being
based entirely on one model test species, rainbow trout (Oncorhynchus
mykiss). However, it is uncertain whether TEFs developed for rainbow
trout are protective of other fishes, including sturgeons. In the current
study, an in vitro liver explant assay was utilized to characterize speciesspecific responses with regard to up-regulation of cytochrome P450 1A
transcript following exposure to six DLCs in two sturgeons, white sturgeon (Acipenser transmontanus) and lake sturgeon (Acipenser fulvescens).
Responses of sturgeons were compared to responses of two teleost fishes,
rainbow trout and northern pike (Esox lucius). Differences in sensitivities
were observed among species following exposure to DLCs with rainbow
trout and northern pike having the greatest and least sensitivity to most
DLCs, respectively. RePs developed from liver explantsof rainbow trout
were comparable to RePs developed from embryos reported previoulsy.
RePs ranged by up to 40-fold among liver explants of the species tested.
To compare RePs among species, concentrations of DLCs in fish eggs in
the Fraser River and in Lake Ontario were used to calculate toxic equivalents (TEQs) using TEFs or TCDD equivalents (TCDD-EQs) using
RePs. It was demonstrated that TEQs accurately represent TCDD-EQs
for rainbow trout. In contrast, TEQs underestimated TCDD-EQs
for white sturgeon, lake sturgeon, and northern pike, questioning the
application of current TEFs for the ecological risk assessment of diverse
fishes, including endangered sturgeons.
WP108 Temporal Trends of PCBs, PBDEs, and Perfluorinated
Compounds in Chinese Sturgeon (Acipenser sinensis) Eggs
(1984-2008)
J. Sun, H. Peng, Univ of Saskatchewan - Toxicology Centre; J. Hu, College
of Urban Environmental Sciences
Although investigation on the temporal trends of persistent halogenated compounds (PHCs) is necessary to predict their future impacts
on the environment and human health and evaluate the effectiveness of
regulations on their production and usage, there has been no systematic
investigation on annual temporal trends of PHCs in biota samples in
Asia and China. This study examined the temporal trends of polybrominated diphenyl ethers (PBDEs), polychlorinated biphenyls (PCBs), and
perfluorinated compounds (PFCs) in Chinese sturgeon (Acipenser sinensis)eggs over a period of 25 years (1984-2008), and 62 PCBs (19-1030
ng/g dw for total PCBs), 16 PBDEs (4.7-572 ng/g dw for total PBDEs)
and 14 PFCs (26-46 ng/g dw for total PFCs) were detected. While a
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decreasing temporal trend was observed for total PCBs with annual
reduction rate of 3.5% (p=0.005), a clear break point was observed
around 1991, indicating their continuing emission in the 1980s in China.
All major PBDEs showed increasing temporal trends, with annual
change rates at 3.5-10.2% over the 25 years, but a sharp decreasing trend
was observed after 2006, indicating a rapid response to the banning
of PBDE usage in China in 2004. The greatest annual rate of increase
was observed for BDE-28 (10.2%) followed by BDE-100 (7.7%), which
would be due to metabolism of highly brominated PBDEs. Significantly
increasing temporal trends were observed for all PFCs, and the annual
rates of increase were 6.0% and 5.0-12.0% for total perfluorinated carboxylic acids and perfluorooctane sulfonate (PFOS), respectively. A peak
concentration for PFOS was observed in 1989, which may be related to
the import history of PFCs in China. The present study is the first report
of systematic temporal trends of PHCs in biota samples from China, and
shows that regulatory policy is needed to reduce their potential health
and ecological risk in China considering the increasing temporal trends
of PBDEs and PFCs.

Lab Data, Hazard, Risk and Regulation of
Endocrine Active Chemicals – So What? The
Big Picture from Little Pieces
WP109 Challenges in ecotoxicology – What does controlled and standardized results mean in a complex and dynamic environment?
T. Brodin, Umea Univ / Dept of Ecology and Environmental Science; J.
Fick, Umea Univ
Pharmaceutical residues are found in many aquatic ecosystems all over
the world. Groups of pharmaceuticals of particular interest for potential ecological effects are EDC:s (endocrine disruption compounds)
and anxiolytic drugs since they are designed to alter human physiology and/or behavior. There is a growing awareness among ecologists
that behavioral variation and alterations are important for individual
performance, ecosystem function, and species evolution. In ecotoxicology it has been recognised that such behavioral alterations may be caused
by contaminants found in natural systems. Recent studies have shown
that both EDC:s and anxiolytic drugs can be found present in environmental concentrations high enough to effect behavior of fish. Very little
is, however, known about how/if these compounds affect the behavior
of other aquatic organisms, or how they interact with natural stressors.
In a recent meta-study, comparing studies using behavioral endpoints to
studies with acute lethality, development, or reproduction as endpoints, it
was concluded that behavioral studies warrant further attention as tools
for assessing the effects of environmental contaminants. Information of
how/if other key species are affected by exposure is crucial to be able to
predict to what extent major ecological effects can be expected. Higher
risk for severe ecological impact is predicted if the degree of which
species specific effects occurs. That is, if pharmaceutical contamination
induce effects that are asymmetric between species or even between
life-stages within species. Such asymmetric effects can lead to shifts
in species densities and compositions through altered competition and
predator-prey interactions. The ecological ramifications of such pharmaceutically induced asymmetric behavioral changes are still unclear, as to
date no studies have investigated the issue. Here, I will present empirical
evidence for asymmetric behavioral effects of pharmaceutical exposure
both within and between trophic levels and discuss potential ecological
consequences thereof. I will also illustrate, using novel data, the importance of including natural stressors (e.g., predation risk) for the outcome
of ecotoxicological testing of pharmaceutical. Finally I will discuss the
problems we face when trying to extrapolate results found in the lab to
what will happen in the wild and suggest one possible way of bridging
the gap between lab and field.

WP110 Estrogenic compounds, chemical quantitation, biological
assessment - What we know, what we don’t, and what should our
future priorities be?
N.W. Shappell, USDA / Agricultural Research Service, Biosciences Research
Lab
Over the last two decades, the literature has become replete with reports
quantifying estrogenic chemicals in the environment ranging from natural hormones to plasticizers. In addition to measuring concentrations,
laboratories have developed various in vitro assays to assess estrogenic
activity of chemicals, as well as environmental samples. Information
pertaining to the in vivo effects of the chemicals is much less exhaustive and their relationship to in vitro results is often ignored. Ranking of
chemicals can vary significantly depending on the source of transfected
estrogen receptor . One lab reported trout versus human receptors were
62 fold more sensitive when exposed to one compound, but in contrast,
trout receptors showed only 0.04% of the response human receptors
elicited to another chemical. The same lab reported in vivo response to
one chemical was 10,000 less estrogenic than estradiol, but by in vitro
assay using transfected estradiol receptors from fish, the compound was
only 600 less estrogenic than estradiol. Chemical additivity has been
reported from both in vitro and in vivo laboratory exposures, though
similar additivity has not been reported for humans “dosed” with multiple estrogenic chemicals. While agriculture and wastewater treatment
plants have been implicated as point source contributors of estrogenic
contaminants in surface waters, studies of many water bodies have failed
to detect these contaminants at biologically relevant concentrations. The
consequences of various estrogenic agricultural inputs need to be assessed
in the context of the specific areas of release. Release of these compounds
into surface waters in arid regions could result in significant environmental impacts, while posing no problem in less arid regions. Finally, some
recent reports have quantified estrogen concentration as a sum of all
estrogens (ignoring relative estrogenic potential of the specific estrogen).
The relevance of these findings will be discussed and suggestions for
future research directions made.
WP111 Evidence for thresholds associated with the weak estrogenic
activity of 4-nonylphenol and 4-t-octylphenol
K.K. Coady, The Dow Chemical Company / Toxicology Environmental
Research and Consulting; C.A. Staples, Assessment Technologies, Inc.; B.
Losey
Both 4-nonylphenol (NP) and 4-t-octylphenol (OP) are known to be
weak agonists of the nuclear estrogen receptor (ER) in fish. NP and OP
bind to the fish ER with a potency that varies from 1,000-1,000,000fold less potent that the endogenous estrogen, estradiol (E2), depending
on the fish species, isoform of the ER (a or β), isomer of NP, and assay
system used. Specific endpoints along the ER mediated adverse outcome
pathway (AOP) in fish were examined to investigate whether or not the
estrogenically mediated effects of NP and OP occur with clearly defined
thresholds. The endpoints examined along the AOP were those that
could be specifically linked to estrogenic activity via binding to the ER.
The ER-specific endpoints included in this investigation were: ER binding, ER transactivation, increased levels of messenger RNA (mRNA)
and protein of the yolk precursor, vitellogenin (VTG), increased
incidence of testis-ova in male fish, and sex reversal from male to female
fish. Overall, an investigation of the estrogen specific endpoints along
this AOP indicated that response thresholds were apparent for both NP
and OP for the endpoints examined. Induction of the biomarker VTG
was the most sensitive endpoint examined with NOEC values for NP
and OP ranging from 0.65 to 8.1 µg/L (3 to 37 nM). These endocrine
specific responses were then evaluated within the context of the rich data
base of environmental toxicity studies for NP and OP.
WP112 Examining the disconnect between laboratory studies of
endocrine active compounds and perceived ecological consequences
H.I. Schoenfuss, St. Cloud State Univ / Aquatic Toxicology Laboratory
Laboratory exposure studies of endocrine active compounds, including xenoestrogens and several classes of prescription pharmaceuticals
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have provided consistent evidence for their adverse effects on exposed
organisms. At the same time, field studies have struggled to replicate
laboratory findings or have documented effects not observed in the
laboratory. This presentation will provide multiple lines of quantitative
evidence to argue that the mode-of-action of many endocrine active
compounds, coupled with the often overlooked biological complexity of aquatic ecosystems, may explain this disconnect. For example,
constant environmental conditions, required in the laboratory to exclude
confounding factors, mask the overriding physiological impact of physicchemical conditions on resident wildlife in field studies. Furthermore,
the limitations on within-species and across-species interactions in
the laboratory exclude exacerbating circumstances faced by organisms
exposed in environmental settings. Finally, fluctuations of mixture composition and concentrations commonly observed in aquatic ecosystems,
modulate organismal responses taken for granted in laboratory exposure
studies. Although adding complexity, these obstacles to linking laboratory results to field observations should be viewed as an opportunity to
expand or understanding of biological complexity rather then a limiting
factor in our ability to predict the environmental effects of endocrine
active compounds.
WP114 Social hierarchy modulates endpoint expression in single-sex
fish exposures to estrogens
J. Ivanova, Biology; S. Zhang, St Cloud State Univ / Mathematics and
Statistics; H.I. Schoenfuss, St. Cloud State Univ / Aquatic Toxicology
Laboratory
Numerous studies have investigated the effects of laboratory fish
exposures to endocrine disrupters, often using male fathead minnows
(Pimephales promelas) as test organisms. Among the biological endpoints
commonly evaluated in these studies is the egg-yolk precursor protein vitellogenin (VTG), which is expressed in male fishes exposed to
estrogenic compounds. However, male fish in single-sex exposure groups
establish social hierarchies, which are under androgenic control. As a
result, more dominant fish develop more pronounced secondary sex characteristics (SSCs) due to higher circulating androgen concentrations with
opposite effects in subordinate males. We conducted a meta-analysis of
male fathead minnow exposure studies to determine whether fish would
fall into distinct subpopulations based on their social status, and whether
status influences the response to estrogens by modulating VTG synthesis. We pooled ten studies, all utilizing fish from the same breeding
colony and conducted in the same exposure laboratory and were exposed
to the same chemical compounds. Initially, only fish from control treatments were used to build the statistical model to eliminate the treatment
effect. On average, the sample size of each treatment consisted of ten
fish, and each experiment utilized in this study contained duplicates of
each treatment. One-way ANOVA was run on the environmental conditions, such as temperature, pH and dissolved oxygen to assure similarity
in exposure conditions across all pooled experiments. Multicolinearity
issues were resolved using principal component analysis (PCA), which
also helped to reduce the number of variables used in the cluster analysis.
K-Means cluster analysis separated the fish population into three distinct
groups. MANOVA was run on the obtained clusters and identified the
significant differences between them. The results indicated that fish with
the lowest SSCs also synthesized the lowest amount of VTG, fish with
the highest SSCs had the second lowest levels of VTG, whereas fish with
intermediate SSCs had the highest plasma VTG concentrations. These
finding suggest that social status may modulate effect on fishes exposed
to endocrine disrupters. They also suggest that fish of intermediate social
status are the most susceptible to effects of endocrine disrupters.
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Advanced Analytical Methods for
Contaminant Discovery
WP115 Monitoring of 1300 organic micro-pollutants in surface
waters from Tianjin and Jinan, Northern China
L. Kong, K. Kadokami, The Univ of Kitakyushu; S. Wang, Tianjin
Chengjian Univ / Faculty of Environmental and Municipal Engineering; T.
Duong, Univ of Kitakyushu / Environmental Systems; H.T. Chau, The Univ
of Kitakyushu / Graduate school of Environmental Engineering
In spite of the quantities and species of chemicals dramatically increased
with rapid economic growth in China, the focus of environmental
research was mainly on limited number of priority pollutants. Therefore,
to elucidate environmental pollution by a diverse array of organic micropollutants, this work was conducted as the first systematic survey on the
occurrence of 1300 substances in surface waters of Tianjin and Jinan,
Northern China, selected as two representative areas of China. The
results showed total 227 and 107 chemicals were detected in Tianjin and
Jinan, respectively. As a major industrial city in North China, Tianjin
received large amount of pollutants, and the most relevant compounds
in terms of frequency of detection and median concentration were
bis(2-ethylhexyl) phthalate (100%; 0.26 µg L–1), siduron (100%; 0.20
µg L–1), lidocaine (100%; 96 ng L–1), antipyrine (100%; 76 ng L–1),
caffeine (95%; 0.28 µg L–1), cotinine (95%; 0.20 µg L–1), phenanthrene
(95%; 0.17 µg L–1), metformin (90%; 0.61 µg L–1), diethyl phthalate
(90%; 0.19 µg L–1) and 2-(methylthio)-benzothiazol (85%; 0.11 µg L–1).
Principle component analysis identified four factors, corresponding to
industrial wastewater, domestic discharge, tire production and atmospheric deposition, accounting for 78% of the total variance in the data
set of Tianjin. Compared to Tianjin, levels of sterols observed in Jinan,
a medium-sized city, were generally high, especially coprostanol, while
other compounds found in >70% waters with median concentration were
sulfamethoxazole (1.1 µg L–1), cotinine (0.73 µg L–1), caffeine (0.38 µg
L–1) and 2,6-di-tert-butyl-4-benzoquinone (0.12 µg L–1). However,
metformin was predominant compound found in both Tianjin and
Jinan with concentration up to 20 µg L–1and 34 µg L–1, respectively.
This work provides a wide reconnaissance on broad spectrum of organic
micro-contaminants in surface waters in China, which indicates that the
aquatic environment in China has been polluted by a large number of
chemicals.
WP116 Development of a multiresidue UPLC-MS/MS method for
the analysis of 10 pesticides in water
V. Toteu Djomte, Baylor Univ / Chemistry Biochemistry; K. Chambliss,
Baylor Univ / Dept of Chemistry
An analytical method using ultra-performance liquid chromatography
with electrospray ionization and tandem mass spectrometry (UPLCESI/MS/MS) was successfully developed for the determination of
10 pesticides (atrazine, azoxystrobin, bicyclopyrone, cyproconazole,
fomesafen, mesotrione, S-metolachlor, propiconazole, simazine and, thiamethoxam) in water. The developed UPLC method enabled elution of
the pesticides in less than 3 minutes with estimated band resolution (Rs)
ranging from 1 to 1.5. The detection limit for most compounds ranged
from 0.02 and 0.05 µg/L. Slightly higher detection limits were observed
for fomesafen and mesotrione (0.08 and 0.1 µg/L respectively). The calibrated linear range for target analytes extended from 0.02-3 µg/L. Three
different criteria were used to validate the linearity of calibration curves.
The correlation coefficients (R2) for plots of analyte response vs. concentration, as well as the corresponding log-log plots, were >0.997 for all
analytes. Additionally, the relative standard deviation (RSD) of relative
response factors (RRF) for a given set of calibration standards ranged
from 1-10%. During method development, peak splitting was observed
for the triazole compounds cyproconazole and propiconazole under both
HPLC and UPLC conditions. A systematic evaluation of elution conditions showed that peak splitting was not related to column type, nor was
it observed for three other triazoles. It appeared that the polarity of the
mobile phase was the major triggering factor (i.e., the lower the organic
solvent strength and composition was in the mobile phase, the bigger
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the split). Peak splitting was resolved by optimizing the percentage of
acetonitrile present in the mobile phase at retention times corresponding
to split peaks. The method was validated via direct injection of fortified
river water samples.
WP117 Biomonitoring of organic contaminants in marine mammals
by GCxGC/TOF-MS
N. Dodder, SCCWRP; S. Mackintosh, San Diego State Univ / Public
Health; J.M. Cossaboon, San Diego State Univ / Graduate School of Public
Health; N.J. Shaul, Univ of California San Diego / Scripps Institution
of Oceanography; K.A. Maruya, SCCWRP; L.I. Aluwihare, Univ of
California San Diego / Scripps Institution of Oceanography; S.J. Chivers, K.
Danil, D.W. Weller, NOAA / Southwest Fisheries Science Center; E. Hoh,
San Diego State Univ / Graduate School of Public Health
An innovative method for identifying known and unknown halogenated organic contaminants in marine mammal blubber was developed.
Based on comprehensive two dimensional gas chromatography coupled
to time-of-flight mass spectrometry (GC×GC/TOF-MS), the method
was applied to the analysis of multiple marine mammal species inhabiting the Southern California Bight. The goals were to 1) identify the best
sentinel marine mammal species for future contaminant monitoring in
the region based on the frequency and magnitude of detected compounds, and 2) catalogue anthropogenic halogenated organic compounds
and halogenated natural products to assist with analyte prioritization
in other monitoring efforts. The non-targeted analysis characterizes
anthropogenic and natural compounds often missed by traditional
targeted methods. Two illustrative elements of this work will be discussed. First, through analysis of common bottlenose dolphins (Tursiops
truncatus) inhabiting the region, we identified multiple bioaccumulative
and biomagnifying DDT-related compounds including both typically
monitored and non-monitored environmental degradation products,
technical mixture impurities, and structurally-related compounds with
unknown sources. To investigate impurities in pesticide mixtures as possible sources of these compounds, technical DDT and technical Dicofol
mixtures were characterized by the same method as the dolphin blubber.
Second, the development of custom software to organize mass spectral
libraries and ancillary information was critical to integrating the results
across multiple analyses, describing the uncertainty in identifications,
and data sharing.
WP118 Halogenated Carbazoles in Lake Trout from the Great Lakes
of North America
Y. Wu, Southern Illinois Univ Carbondale / Cooperative Wildlife Research
Laboratory and Dept of Zoology; T.M. Holsen, Clarkson Univ; D. Chen,
Southern Illinois Univ Carbondale / Chemistry
This study reports the discovery of a suite of halogenated carbazoles
in lake trout (Salvelinus namaycush) collected from the Great Lakes
of North America. While halogenated carbazoles have recently been
reported in the Great Lakes sediments, knowledge remains limited in
their bioavailability and environmental fate. In this study, we examined
11 halogenated carbazoles, including 3-chloro-, 3-bromo-, 3,6-dichloro-,
3,6-dibromo-, 2,7-dibromo-, 1,3,6-tribromo-, 1-Br-3,6-dichloro-,
1,8-dibromo-3,6,-dichloro-, 1,3,6,8-tetrachloro-, 2,3,6,7-tetrachloro-,
and 1,3,6,8-tetrabromo-carbazole, in lake trout composites collected
annually between 2004 and 2014 from the Great Lakes. Halogenated
carbazoles were detected in trout composites from all five lakes of the
Great Lakes. Dominant congeners were 1,3,6,8-tetrachloro-, 1,3,6-tribromo-, and 2,7-dibromo-carbazole. Several additional tribromo-,
dibromodichloro-, and tetrabromo- congeners with unknown halogen-substitution patterns were also frequently detected. In the 2011
composite samples, the total concentrations of halogenated carbazoles
ranged from 31.2 ng/g lipid weight (lw) in Lake Superior to 144 ng/g lw
in Lake Huron. These findings demonstrate that halogenated carbazoles
are bioavailable in aquatic ecosystems. Although their sources remain
unknown, they appeared to be widely distributed across the Great Lakes.
Further research is essentially needed to elucidate their environmental
sources, fate, toxicity, and potential risks to the Great Lakes ecosystem.

WP119 Non-target analysis by GC x GC-HRTOFMS and its application to emission source analysis of the detected contaminants using
GIS
Y. Zushi, National Inst for Environmental Studies / Center for
Environmental Measurement and Analysis; S. Hashimoto, K. Tanabe,
National Inst for Environmental Studies NIES Japan / Advanced Organic
Analysis Section
Comprehensive two-dimensional gas chromatography coupled to high
resolution time-of-flight mass spectrometry (GC × GC-HRTOFMS)
is one of the promising combination to analyze complex mixtures of
volatile and semi-volatile compounds. In this study, we have developed
non-target analysis by GC × GC-HRTOFMS with in-house non-target
screening tools, and applied it to river water samples collected from
entire basin of the Tokyo Bay. To evaluate that the analytical process
is applicable for a following emission source analysis by GIS, pretilachlor, which was found by the non-target analysis, was focused as a case
study of the source analysis. The quantitative data collected from the
GC × GC-HRTOFMS and the GIS analysis correctly showed that
the pretilachlor emitted from rice paddy fields distributed in the basin
of Tokyo Bay. This methodology would be applicable for other compounds detected from the environment with a large numbers by such an
advanced analytical instrument.
WP120 Fast screening of atmospheric particulate matter (PM)
concentrations
H. Hwang, Texas Southern Univ / Environmental Science
In many urban areas, atmospheric particulate matter (e.g., PM10,
PM2.5) has been linked to various health issues such as asthma, lung
cancer, and premature death. In order to measure atmospheric PM
concentrations, monitoring stations have been installed and operated for
decades. However, due to high operating cost, monitoring stations has
been installed at limited number of places and cannot represent many
places that are suspected to have high levels of PM. This study measured ambient fine particulate matter (PM2.5) concentrations using a
portable aerosol monitor to find places where PM exposure is elevated.
Ambient PM2.5 concentrations in most sites were substantially lower
than the national ambient air quality standard (35 µg/m3, 24 hour average). However, concentrations in some areas close to busy traffic roads
and petroleum refineries were slightly higher than the standard during
4 hours of measurement period . A local park near petroleum refinery
facilities (40 µg/m3) and a downtown site (35 µg/m3) showed the highest
concentrations. The portable PM sensors used for this study can measure
PM in 4 size ranges. However, collected data showed that the portable
sensor does not measure concentrations of PM having different sizes
except PM2.5. However, portable sensors can be used for fast screening
of wide area. Once, hot spots are identified, mechanical samplers must be
applied for PM collection and subsequent chemical analysis to identify
and apportion PM sources that is required to develop more efficient
atmospheric PM pollution control.

Fate and Effects of Metals: Regulatory and
Risk Assessment Perspective
WP121 A new approach to the hazard classification of massive-form
metals
P. Huntsman-Mapila, Natural Resources Canada; J.M. Skeaff, R.
Beaudoin, CanmetMINING / Natural Resources Canada
Using the UN Transformation/Dissolution Protocol (T/DP) for metals
and sparingly soluble metal compounds, we have examined the T/D
kinetics in definitive seven- and 28-day tests of Co metal in the massive
form of Co rounds. We evaluated the rate and extent of release of Co
metal ions from Co electrolytic rounds (of dimension 25 x 25 x 2 mm)
containing 99.8 wt% Co into a pH 6 freshwater aquatic medium. The Co
rounds were cut to specific sizes, based on calculations of specific surface
area (mm2/g), to relate exactly to the 1, 10 and 100 mg/L mass loadings
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corresponding to the cutpoints in the UN Globally Harmonized System
of Classification and Labelling (GHS). We mounted the cut pieces in
epoxy so that one uncut surface was exposed to the aqueous medium
while the cut edges were not. We suspended the mounted sections of
cut Co rounds in 20-L Nalgene carboys containing the 10x dilute pH 6
OECD 203 aqueous medium, and agitated the medium by radial impeller at 200 r.p.m. over seven days for the section equivalent to the 10 and
100 mg/L loadings, and over 28 days for the equivalent 1 mg/L loadings.
A comparison of the SEM images of the mounted Co pieces from both
before and after the T/D examination revealed that there was some
aging of the epoxy from the exposure to the T/D media that resulted in
the formation of some micrometer scale gaps between the epoxy and the
Co metal, especially in the equivalent 1 mg/L samples. The Co rounds
were slightly reactive under the conditions of the T/DP at pH 6. The
data from the cut samples equivalent to the 100 mg/L loading revealed
Co(aq) increasing linearly with time, reaching 93.6 (σ% = 5) µg/L at 168
hr. For the 10 mg/L loading, the values of Co(aq) also increased linearly
with time, reaching 9.5 (σ% = 78) µg/L at 168 hr. For the equivalent 1
mg/L loading, Co(aq) at 168 hr was 1.5 (σ% = 86) µg/L. For the same
loading at 672 hr, Co(aq) was 7.0 (σ% = 69) µg/L. Based on these results,
we find that the Co rounds would classify as Acute 3-Chronic 3 under
the UN GHS as it is the loading equivalent to 100 mg/L that delivers
the Co(aq) concentration that exceeds the acute ERV of 90.1 µg/L. As
the 1 mg/L loading 672 hr Co(aq) values exceeds the chronic ERV of 4.9
µg/L, the chronic classification cannot be removed.
WP122 Application of the Biotic Ligand Model for setting site-specific copper standards for Big Thompson River, CO
J. Gondek, GEI Consultants; C.A. Claytor, GEI Consultants, Inc.; S.A.
Roark; R. Gensemer, GEI Consultants / Ecological Division; S.P. Canton,
GEI Consultants, Inc. / Ecological Division
While many states have adopted the Biotic Ligand Model (BLM) as
an acceptable method for deriving site-specific copper standards, there
are few examples of such standards approved by state agencies. Here we
present a case study of applying the BLM to derive site-specific standards
for a portion of Big Thompson River in Estes Park, CO. This presentation will cover the full lifecycle of these standards, from the derivation
of BLM-based standards using data collected over 10 years, application
of the United States (US) Environmental Protection Agency’s (EPA)
Fixed Monitoring Benchmark (FMB) method, and ultimately, to the
standards’ adoption and incorporation into permits. During this process
we developed a preliminary framework for derivation of BLM-based
standards to help address the number of data usability and handling
issues that we encountered, such as estimation of missing data, and how
to determine the spatial extent of site-specific standards when utilizing
data from multiple monitoring stations. This case study will help users of
the BLM anticipate similar data quality issues on other sites, and identify issues that are likely going to be of concern to regulatory agencies,
potentially leading to greater chances of regulatory success of BLMbased site-specific standard proposals.
WP123 Assessment of Amphibian Risks in Wetlands Containing
Elevated Metal Concentrations
R.N. Hull, C.E. Moore, L.J. Marshall, N. Thackeray, Intrinsik
Environmental Sciences Inc.
Amphibians are an important component of a wetland ecosystem.
Typically, evaluation of water quality is completed by comparing concentrations in water collected from a wetland to Water Quality Guidelines
for the Protection of Freshwater Aquatic Life (WQGs). However, only
some WQGs for metals/metalloids (e.g., Canadian WQG for cadmium)
were developed with the inclusion of amphibian toxicity data. Whether
or not amphibian data were included, it is unclear how protective WQGs
are of amphibian populations in wetland environments. The current
study compared metal concentrations in water collected from eight
wetlands potentially influenced by industrial emissions, and four reference wetlands, to WQGs and amphibian toxicity data collated from the
literature. This analysis was put into perspective using amphibian diversity and abundance data for these same wetlands, to arrive at an overall
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conclusion of potential risks to amphibian populations in wetlands near
the facility. The analysis showed that, although concentrations in water
exceeded WQGs for several metals/metalloids, concentrations generally
were below amphibian toxicity effect levels, and amphibian diversity and
abundance were not negatively impacted. This may be due to organic
enrichment in the wetlands.
WP124 Development of a Draft National 304(a) Mercury Ambient
Water Quality Criteria for the Protection of Aquatic Life and
Aquatic-Dependent Wildlife
A. Jarvis, ORISE / Health and Ecological Criteria Division; K. Gallagher,
J.R. Beaman, M. Elias, USEPA / Office of Water;
The current USEPA mercury (as inorganic mercuric ion) criteria values
for freshwater and marine ecosystems were last updated in 1995. That
update did not include values for organic mercury (methylmercury) or for
the protection of aquatic-dependent wildlife. Mercury enters the aquatic
environment through atmospheric deposition and industrial wastewater discharges. In the US, atmospheric deposition is the predominant
source of mercury with industrial wastewater discharges being restricted
to specific locations (e.g., historical gold mining areas in the west).
Concentrations of mercury within the aquatic environment are influenced by the surrounding land use and geographic region, both of which
impact mercury input and cycling. In the US, there is a general trend of
increasing mercury concentrations in the aquatic environment from west
to east (Depew et al. 2013). Currently, 98% of lakes nationwide exceed
the Great Lakes Initiative Criteria values set to protect piscivorous
wildlife (Yeardley et al. 1998). Due to the bioaccumulation of mercury,
long-lived predatory wildlife are at high risk of experiencing neurotoxicity, kidney disease, and reproductive effects (Wolfe et al. 1998). USEPA
is undertaking the task of updating the mercury criteria with use of the
latest scientific literature to protect both aquatic-dependent wildlife
and aquatic life. Three criterion elements are planned for development:
(1) bird tissue, (2) fish tissue, and (3) water column. The USEPA plans
to derive the water column and fish tissue values from the bird tissue
element by assessing food chain bioaccumulation across the continental
US with the use of updated models. Once finalized, this criterion may be
used by states and tribes as the basis for adopting water quality standards
to protect aquatic life and aquatic-dependent wildlife within the aquatic
environment.
WP125 Draft Reassessment of the 1988 Ambient Water Quality
Criteria for Aluminum
D.M. Eignor, USEPA / Office of Water Office of Science and Technology; C.
Voros, Great Lakes Environmental Center; K. Taulbee, G.J. Smith, Great
Lakes Environmental Center
The US Environmental Protection Agency (USEPA) is updating its
1988 recommended aquatic life criteria for aluminum under Clean Water
Act Section 304(a). The 1988 criteria account for the influence of pH
on toxicity, similarity of acute toxicity of fish and invertebrates, and the
greater sensitivity of invertebrates in chronic toxicity tests. The 1988
document recommended an acute criterion of 750 µg/L and a chronic
criterion of 87 µg/L when the pH is between 6.5 and 9.0. The effects of
hardness were not considered in the 1988 criteria derivation. Over the
past 25 years, new acute and chronic toxicity data for both freshwater
and saltwater organisms have been published. Additional acute toxicity
data for the eight recommended families and acute mussel toxicity studies are included in the new evaluation. There are a variety of technical
approaches considered for criteria calculation. One of the approaches
addresses the correction factor for hardness and pH in aluminum toxicity. Previous research demonstrated aluminum toxicity is affected by
both hardness and pH. A simplified aluminum BLM model using four
parameters (pH, DOC, hardness, and temperature) and the complete
aluminum BLM is also being evaluated. EPA is incorporating new
toxicity data, additional statistical analyses, and evaluations of criteria
calculation approaches in the draft aluminum criteria recommendation.
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WP126 Effects of seawater introduction on trace element levels in
aquatic ecosystem of Lake Koyama-ike, Japan
M. Hosoda, Regional Science; R. Nakashita, Forestry and Forest Products
Research Inst; C. Oshiumi, Japan Corbicula Research Inst; S. Murakami,
Tottori Univ / Regional Environment; T. Hosozawa, Japan Corbicula
Research Inst; T. Kunisue, Ehime Univ / Center for Marine Environmental
Studies; I. Watanabe, Tokyo Univ of Agriculture and Technology / Dept
of Environmental Science on Biosphere; M. Nakamura, Japan Corbicula
Research Inst; S. Horai, Tottori Univ
Lake Koyama-ike in Tottori in Japan is a brackish-water lake at present.
To improve the water quality, seawater introduction was started in 2012,
and then as a result the salinity of the lake water drastically changed.
The salinity in 2012 became 14-fold higher than that in 2011. On the
other hand, dissolved oxygen level in 2012 and 2013 was decreased by
half than that of 2011. In the present study, 25 trace element concentrations (Li, Mg, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, As, Se, Rb, Sr, Mo,
Ag, Cd, In, Sn, Sb, Cs, Ba, Hg, Rb, Bi) and stable isotope ratios (δ13C
and δ15N) were determined in fish and crustacean muscle of Lake
Koyama-ike. Concentrations of Mn, Zn and As in the sediments of
this lake were found to be more than the Lowest Effect Level (LEL)
reported by NYSDEC (1999) and Fe exceeded the Severe Effect Level
(SEL) (NYSDEC, 1999). We found that the concentrations of As in
both fish and crustaceans collected for our study in 2012 and 2013 was
significantly higher than that of 2011. Comparison of the As in the
Mitten crab (Eriocheir japonicas) from this lake with those from other
areas showed that the levels were higher in our specimens than in those
from other areas. Arsenic concentrations in some individuals of Mitten
crab of the present study exceeded the levels that were found to affect
the gonadal activities of the freshwater crab (Somanniathelphusa pax).
With regard to the relationships between nitrogen stable isotope ratios
and As concentrations in the fish and crustacean muscles, the results
of the present study indicated possible bio-dilution in the food web of
Lake Koyama-ike in the years 2011-12. However, bio-dilution of As was
not observed in 2013. It indicates that the dynamics of As changed in
the aquatic ecosystem of Lake Koyama-ike, which might be due to the
inlet of seawater from the year 2012. Therefore, further research on the
exposure sources and risk assessment is an urgent issues. In addition,
biomagnification of Hg is no longer observed since 2013. On the other
hand, biomagnification of Mn was observed in 2014. Since these trace
element changes in biomagnification and bio-dilution were observed, it
requires continuous monitoring in Lake Koyama-ike.

dry weight, and soil organic carbon. For the 24-hr seiche experiment,
preliminary results show a statistically significant decrease in porewater
iron and zinc (p< 0.0007) when saturated wetland sediments became
inundated (Zn, 29.5±4.4 to 13.4±1.8 µgL-1). During the 33-day drought
experiment, sediments became fully oxidized during the drying period.
Upon re-inundation, an increase in porewater zinc concentration was
observed for most sites (average of all depths and sites, 224 ± 19.8 µgL1), after which the concentrations decreased slowly over 16 days. Our
data show that release from metal-sulfide fraction may have led to this
increase in porewater metals, though further analysis is still being conducted. This study will result in a better understanding of the chemical
and biological impacts of water level fluctuations in wetlands necessary
for enhanced wetland management and reduced environmental risk.

WP127 Fluctuating water levels in coastal wetlands: The role of
hydroperiod on release and capture of bioavailable metals
S. Nedrich, Univ of Michigan / Dept of Earth and Environmental Sciences;
G. Burton, Univ of Michigan / School of Natural Resources Environment
Wetland ecosystems can be effective sinks for metal contamination, but
increased variation in hydrology, associated with a changing climate,
could impact the fate and effects of metals. A fluctuating water table
significantly alters microbial communities, acid-base and redox chemistry of sediment and likely the metal retention capacity of a wetland;
however, this phenomenon has never been investigated in Great Lakes
coastal wetlands. The objective of this study is to determine the influence of water level fluctuation on metal speciation in pore water and
environmental risk of metal contaminated coastal wetlands. Sediments
were collected from four metal contaminated wetlands in Michigan,
(1) Lake Erie Metropark Wetlands (Charter Township, MI), (2)
Quanicassee Wildlife Refuge (Saginaw Bay, MI), (3) Little Black Creek
(Muskegon, MI), and (4) East Bay Park (Trenton, MI). Twelve small
wetland mesocosms were constructed with rhizome pore-water extraction devices installed at soil depths of 1, 2, 3, 5 and 10 cm. Two water
level fluctuation experiments were conducted to emulate short-term
seiche and 33-day drought scenarios. Pore-water was extracted 15-24
hours after sediment drying/wetting and analyzed for dissolved metals
(Fe, Mn, Al, Zn, Pb, Cd), reduced Fe, dissolved organic carbon, and
hardness. Sediment profiles for dissolved oxygen and pH during wet and
dry soil phases were measured. Sediment was extracted and analyzed for
iron speciation (amorphous and crystalline), acid-volatile sulfide (AVS),

WP129 Risk Assessment of Agricultural farmland: A case study of
Wukari, Taraba State Nigeria
O. Otitoju, Federal Univ Wukari / Dept of Biochemistry; R. Boyi, Federal
Univ Wukari; A.C. Udebuani, Federal Univ of Technology / Dept of
Biotechnology; T. Silas, M. Mayel, Federal Univ Wukari
Location of agricultural farmland is an important factor in evaluating the risk of exposure of farmers as well as consumers of agricultural
products. Rice, one of the staple foods in most Nigerian homes has been
implicated to contain some quantities of heavy metals; hence the aim
of this research was to assess the heavy metal concentrations in soil and
Oryza sativa samples from a farmland in Wukari, Taraba State. Soil and
Oryza sativa samples were collected from the Road side (RD) and the
farm site (FS) and analysed for heavy metals, minerals and inorganic salt
contents. The result showed that samples from RD locations show higher
concentrations of Ca and Zn (1.55 and 2.56 ppm respectively) than the
FS location which had 1.44 and 1.88 ppm for Ca and Zn respectively.
Mg, K, P, Mn and Fe had lower concentrations in soil samples from RD
than the FS locations. Heavy metal contents in soil shows that Cu, Pb
and Cd concentrations were not significantly higher in the samples from
RD. Some mineral elements present in the rice samples shows that Ca,
K, Na and P concentrations were higher in rice harvested from road side
farms than the farm site locations while Mg, Mn, Fe and Zn concentration was generally lower in roadside farm. The differences observed
were not statistically significant (p>0.05). However, heavy metal results
show that Cu, Pb, Co and Cd were present in rice harvested from RD
at lower concentrations between 0.012-0.42 ppm than samples from the

WP128 Revising USEPA’s National Cadmium Ambient Water
Quality Criteria for the Protection of Freshwater and Estuarine/
Marine Aquatic Life
M. Elias, USEPA; G. Smith, K. Taulbee, Great Lakes Environmental
Center; C. Voros, Great Lakes Environmental Center
USEPA’s National Recommended Water Quality Criteria for aquatic
life were first developed for cadmium in 1980 and last updated in
2001. Consistent with provisions in the Clean Water Act, National
Recommended Water Quality Criteria are periodically revised to ensure
they incorporate the latest scientific information and are protective of
aquatic life. Substantial additional toxicological data have become available since 2001 and these data are being used to support development of
the 2015 revised draft criteria. The updated criteria collectively incorporate new toxicological data for an additional 68 species and 47 genera
and now encompass 74 freshwater genera for acute toxicity (compared to
55 genera in the 2001 criteria), 20 freshwater genera for chronic toxicity
(compared to 16 genera in the 2001 criteria), and 78 estuarine/marine
genera for acute toxicity (compared to 54 genera in the 2001 criteria).
Although additional toxicological data are not available to directly derive
an estuarine/marine chronic criterion, the acute-to-chronic ratio was
revised using data for representative freshwater species to provide a more
robust criterion value. The updated criteria also incorporate additional
toxicological data that are protective of federally threatened and endangered species, most notably salmonids. A summary of the toxicological
data and approach used to derive the draft revised criteria is presented,
along with draft criteria values, which are scheduled for publication in
early 2016.
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FS location with heavy metal concentrations ranging between 0.020.60 ppm. Husk samples harvested from Rd and FS shows that all the
mineral elements were generally higher in the FS locations except for Fe
concentration which was significantly higher (p< 0.05) in the RD locations than FS locations. Generally, Pb and Cr concentrations were higher
in rice samples from RD than the FS soil. The increase of about 50% in
Pb and Cr concentrations may be due to bioaccumulation potential of
Oriza sativa while cadmium concentration however decreased by about
50%. A similar trend was observed in the FS locations where Pb and Cr
concentrations increased in the rice samples than the soil samples from
the corresponding locations.
WP130 Risk Assessment of Mercury Contaminantion To Human
Health in The Vicnity of Small-Scale Gold Mining Activities
K. Oginawati, ITB / Environmental Engineering; H. Ariesyady, C.
Ardianovita, Institut Teknologi Bandung
Small-scale gold mining activity has the potential to cause environmental pollution as a result from the use of mercury, as is done in Desa
Lebaksitu, Kecamatan Lebakgedong, Kabupaten Lebak, Banten. From
the analysis, Total Hg values in soil obtained in the range of 15,200226,894 ppb for the Lebaksampai, 4,275-93,925 ppb for Lebaktenjo,
and 15,881-102,888 ppb for Lebakpari. Growing rice plants also have
a high content of total Hg. Most of the rice samples contain more than
0.05 ppm, this result could risk residents health. From the questionnaires
to 30 homes, with 126 respondents, obtained data on the number of
consumption, frequency of exposure, and weight for calculation of ADD
and HI. HI values for all respondents is greater than one indicates the
consumption of rice in the area could potentially cause non-carcinogenic
effects risk. Cooking the rice can reduce the concentration on average
64.7% of total Hg and decrease the HI values so this result could risk for
children under 13 years old only.
WP131 The Biotic Ligand Model as a Predictor of Acute Copper and
Zinc Toxicity to Ceriodaphnia dubia in a Blackwater Receiving Stream
in South Carolina
S.M. Harmon, Univ of South Carolina Aiken / Biology and Geology; E.J.
Van Genderen, International Zinc Association
The Biotic Ligand Model is a computational model that serves as an
inexpensive and effective way to evaluate site-specific toxicity of metals
such as Cu or Zn. The purpose of the model is to account for the differences in metal bioavailability that occur in the natural environment
as a result of changes in water chemistry. The basic concepts behind the
model are that free metal ions will bind with physiologic sites of action
on the gills of an aquatic organism, forming a “biotic ligand” and eliciting a toxic response. The model then accounts for competition by other
ligands at these same receptor locations, as well as speciation and availability of the metal ion in solution. The BLM is currently used by the
USEPA to determine ambient water quality criteria for Cu, and a modification to the BLM for the acute toxicity of Zn has been proposed in the
literature. The goal of this study was to test the performance the BLMs
in soft, natural waters indicative of the southeastern United States. Cu
and Zn BLM predictions were compared to observed 48-hour acute
LC50 values for Ceriodaphnia dubia in 13 surface waters collected from
the Edisto River, a blackwater river located in South Carolina. Hardness
in these samples ranged from 7 to 41 (as mg CaCO3/L), pH ranged from
5.92 to 7, and dissolved organic carbon ranged from 3.5 to 7.8 mg/L. The
LC50 values for Zn ranged from 142 to 262 µg Zn/L, and LC50 values
for Cu ranged from 2.8 to 29.1 µg/L. Performance of the Cu BLM,
parameterized using the intrinsic sensitivity of C. dubia reported in the
USEPA Cu BLM guidance document, was able to accurately predict
70% of the observed toxicity results within a factor of two (improvement
in model performance was not evident following auto-validation of the
current dataset). In contrast, the Zn BLM accurately predicted only 15%
of the observed Zn toxicity, parameterized using the intrinsic sensitivity of C. dubia reported in the literature. However, performance of the
Zn BLM improved considerably when using the intrinsic sensitivity
of C. reticulate (84%) or performing an auto-validation of the current
dataset (100%). These results suggest that the sensitivity of C. dubia to
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Zn exposures may be increased in soft surface waters. In general, both
the Cu and Zn acute BLMs were able to capture the overall influence
of water quality on metal toxicity, supporting the use of bioavailability
models in risk assessment and setting site-specific water quality criteria.

Defining the Role of Chemical Activity in
Environmental Risk Assessment
WP132 Why is chemical activity successful as a metric of aquatic
toxicity? A gedankenexperiment explains why
J.M. Armitage, Univ of Toronto - Scarborough / Physical and Environmental
Sciences; J.A. Arnot, ARC Arnot Research & Consulting / Dept of Physical
Environmental Science; D. Mackay, Trent Univ
Gedankenexperiments or “thought experiments” are widely used to
predict and explain scientific phenomena in situations where real
experiments are not feasible. The term was coined by German physicist
Ernst Mach of Mach number fame based on earlier suggestions by the
Dane, Hans Christian Ørsted. Examples are Maxwell’s demon and
Schrodinger’s cat. In this experiment we design an aquatic toxicity test
for a hypothetical fish and a hypothetical chemical similar to chlorobenzene (CB). Phase equilibrium between the water and all fish tissues
is assumed to occur instantaneously as the CB exposure concentration
in water is slowly increased, and there is simultaneous measurement of
suggested metrics of toxicity, namely tissue concentrations in the whole
fish, its total lipids, its membrane lipids, the volume fraction CB in membranes and finally the chemical activity of CB in membrane lipids. The
basis of chemical activity calculations in water and tissues is outlined.
The exposure CB concentration increases from a low value in the no
observable effect region to higher concentrations at which chronic effects
are observed, to levels at which there is an onset of narcotic immobilization and finally to lethal levels. The changes in these metrics of toxicity
is documented as the exposure increases. The results show the close
relationship between these metrics and explains why chemical activity is
simple and effective as a multi-phase descriptor of exposure and narcotic
toxicity. It is shown that there is a need for appropriate treatment of sparingly soluble solids and biochemically reactive chemicals. Suggestions are
made for applying the activity concept when designing and evaluating
the potential for toxicity in laboratory tests and for assessing the potential
impacts of chemicals in the multi-media environment at large.
WP133 Challenges and potential limitations to the application of the
chemical activity concept for environmental risk assessment
J.M. Armitage, Univ of Toronto - Scarborough / Physical and Environmental
Sciences; T. Gouin, Unilever / Safety and Environmental Assurance Centre
Chemical activity has recently been promoted as a useful concept for
interpreting and classifying ecotoxicological data and for performing environmental risk assessments of chemicals. The most common
approach to estimate chemical activity in the aqueous phase is as the
fraction of the water solubility (liquid or sub-cooled liquid, if the
substance is a solid at room temperature). Accordingly, LC50s from
acute and chronic aquatic toxicity tests can readily be converted to lethal
chemical activities (La50s) using the appropriate water solubility. For
example, La50s for baseline toxicants (narcosis) have been shown to
cluster around a value of 0.01 for chemicals spanning a large range of
hydrophobicity. While the chemical activity approach is attractive due
to its apparent simplicity, it is important to recognize that there can be
substantial uncertainties in both the numerator (e.g., LC50) and the
denominator (i.e., water solubility). As part of an Experts Workshop
entitled, “Defining the role of chemical activity in environmental risk
assessment: Practical guidance and advice”, a work group was tasked
with exploring the challenges and potential limitations to the application of the chemical activity concept related to uncertainties in chemical
property values. Specific topics included i) the availability and reliability
of measured property values that may be required to conduct calculations
(e.g., water solubility, melting point, entropy of fusion at the melting
point, aqueous activity coefficients), ii) the availability and reliability of
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computational approaches for estimating property values for ‘data poor’
or ‘challenging’ compounds (e.g., miscibles and super-hydrophobics) and
iii) the applicability of the chemical activity approach to ionisable organic
chemicals (IOCs), for which the (total) water solubility is a function of
pKa and pH. Both theoretical considerations and case studies were used
to address these fundamental questions. The purpose of this presentation
is to summarize and communicate the main findings of the work group,
with an emphasis on key learnings, key data gaps and main limitations
to the application of the chemical activity concept for environmental risk
assessment.
WP134 Defining the relationship between chemical activity and
specific modes of action
J. Hermens, Utrecht Univ / Inst for Risk Assessment Sciences; D.T. Salvito,
Research Inst for Fragrance Materials (RIFM) / Dept of Environmental
Science
The chemical activity concept is a promising approach in the understanding and prediction of ecotoxicological effect concentrations of organic
contaminants. This concept has successfully been applied to compounds
that are known to act via non-polar narcosis. Application of this concept to compounds beyond non-polar narcosis is not yet explored. It is
believed that the chemical activity approach could provide a complementary approach towards an improved understanding of an Adverse
Outcome Pathway (AOP), as it has the potential to link exposure with
the Molecular Initiating Event (MIE) in a single metric. Defining where
it is useful would be very helpful in effectively illustrating the added
value of chemical activity. As part of an Experts Workshop entitled,
“Defining the role of chemical activity in environmental risk assessment
within the context of mode of action: Practical guidance and advice” one
of the work groups has discussed the topic “Defining the relationship
between chemical activity and specific modes of action”. Specific questions and topics that were addressed included (i) can chemical activity
be applied in identifying compounds with specific modes of action; (ii)
is the activity concept useful to get an understanding of the activity of
polar and non-polar compounds, (iii) how reliable are present classification schemes for assigning a mode of action and is the adverse outcome
pathway (AOP) approach useful in classification into modes of action?,
(iv) to what extent can chemical activity, combined with kinetic and
dynamic modeling, be applied in predicting the effects on whole organism level (quantitative AOP), and (v) do we need alternative dose metrics
to assess the effects of chemicals with specific modes of action. Here, we
will summarize the major outcomes of the discussions of this work group
and we will identify strengths and limitation of the chemical activity
concept in understanding and predicting effects of compounds with
specific modes of action. Moreover, recommendations for future research
will be identified.
WP135 Linking algal growth inhibition to chemical activity
S.N. Schmidt, Technical Univ of Denmark / Dept of Environmental
Engineering; J.M. Armitage, Univ of Toronto - Scarborough / Physical and
Environmental Sciences; J. Arnot, Arnot Research & Consulting Inc.; P.
Mayer, Technical Univ of Denmark / Dept of Environmental Engineering
Unitless chemical activity, expressing the energetic level of a compound
relative to its energetic level in pure liquid [0-1], has proven useful to
quantify the effective exposure to hydrophobic organic compounds
through both aerial and aqueous media. Several studies have linked
toxicity to chemical activity, as opposed to e.g., the total concentration.
Baseline toxicity (narcosis) for neutral hydrophobic organic compounds
has been shown to initiate in the narrow chemical activity range of 0.01
to 0.1. This presentation focuses on linking algal growth inhibition
to chemical activity with the aims to (1) further challenge the current
chemical activity range for baseline toxicity, and (2) extend the utilisation of the chemical activity concept across compounds and species. The
first part of the presentation focuses on results from a recently published
study, in which toxicity data for 39 non-polar liquids were applied to
challenge the chemical activity range for baseline toxicity. For each
compound, the effective activity (Ea50) was estimated as the ratio of
the effective concentration (EC50) and water solubility. Of these ratios,

90% were within the expected chemical activity range of 0.01 to 0.1 for
baseline toxicity, and none of the ratios were significantly below 0.01. On
a practical level, these findings suggest EC50 values for baseline toxicity
to be at or above 1% of water solubility. On an environmental risk assessment level, predicted no-effect concentrations (PNECs) for baseline
toxicity could even be set as a percentage of saturation, and this approach
can easily be extended to baseline toxicity of mixtures. However, EC50
values well below 1% of saturation can still occur and indicate the
potential for excess toxicity through a specific or reactive mode of action.
The second part of the presentation focuses on extending the utilisation
of the chemical activity concept. More specifically, the chemical activity
concept is applied to a much larger range of algal toxicity data, including a wide range of solids and liquids, covering several expected modes
of action and also several algal species. High-quality toxicity data are
carefully selected from peer-reviewed scientific literature and QSAR
databases. This presentation shows how the chemical activity concept
can be used to compare and combine toxicity data across compounds and
species in order to characterize toxicity – and further how the concept
can be used in environmental risk assessment.
WP136 Addressing uncertainty in sub-cooled liquid property estimation: Applications for chemical activity calculations
T.N. Brown, Dalhousie Univ / Dept of Chemistry; J.M. Armitage, Univ of
Toronto - Scarborough / Physical and Environmental Sciences; J.A. Arnot,
ARC Arnot Research & Consulting / Dept of Physical Environmental
Science
The chemical activity concept is being applied and evaluated by various stake holders to i) categorize and interpret toxicity data and ii)
facilitate hazard and risk assessment. Chemical activity in the aqueous phase can be calculated by dividing the concentration of chemical
(or an LC50) by its water solubility (i.e., CW/SW or LC50/SW). For
chemicals that are solids at system temperature, the appropriate reference
state for chemical activity calculations are sub-cooled liquid properties. Accordingly, physico-chemicals properties of the solid have to be
adjusted to sub-cooled liquid property values using the Fugacity Ratio
(F). If Walden’s Rule is assumed to be valid for the chemical of interest,
F can be estimated using melting point (TM). Walden’s Rule, which
states that ∆SM ≈56.5 kJ/mol, is largely based on empirical data for rigid
aromatics and its broader applicability to other chemical structures is
uncertain. If Walden’s Rule does not apply, a more rigorous approach
to estimate F is necessary which requires data on the entropy of fusion
at the melting point (∆SM). In addition to this uncertainty, empirical
values of TM may not be available for compounds of interest, requiring
the use of estimated TM values. Here we assess potential uncertainties
in chemical activity calculations for solid state chemicals related to gaps
in available physical-chemical property data. We examine a database of
several thousand TMs and ∆SMs for a diverse set of organic chemicals
and evaluate the performance of new Quantitative Structure Property
Relationships (QSPRs) to estimate these two key properties. We then
assess the implications of these findings for potential errors in chemical
activity calculations using LC50 data from fish through a series of case
study examples.
WP137 Estimating chemical solubility and its uncertainty for toxicology and environmental risk assessment using Bayesian method
T. Gouin, Unilever / Safety and Environmental Assurance Centre; D. Tang,
C. Sparham, J. Zhang, Unilever RD Colworth; C. Mackay, Unilever
The accurate determination of an organic chemicals physicochemical properties is an essential element towards improved estimates of
chemical exposure to humans and the environment. Water solubility, for
instance, is a useful descriptor, which can be related directly to the freely
dissolved concentration of a chemical in a test system, and provides an
indicator regarding the chemical activity that a substance might have in
an aqueous system. Briefly, water solubility is the maximum concentration that has been determined experimentally of a given chemical that
can be dissolved in pure water at a given temperature. For hydrophobic
organic chemicals, empirical measurements of the water solubility can
result in significant variability, making it difficult to accurately estimate
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its ‘true’ water solubility. Here we present a Bayesian method for estimating the uncertainty associated with 233 neutral organic chemicals,
ranging from highly insoluble to nearly miscible, and for which 2440
measurements and estimates of solubility have been compiled. The
approach builds a model based on the assessment of variability associated
with the dataset for obtaining an estimate of uncertainty aligned to the
water solubility of a given substance. A case study illustrating the use of
the model with respect to the concept of chemical activity and baseline
toxicants in environmental risk assessment is used to demonstrate how
quantification of uncertainty can lead to improved understanding regarding overall risks.
WP138 Applying the RAIDAR model and the chemical activity
approach for ecological risk assessment: A case study for select organic
flame retardants
J.A. Arnot, ARC Arnot Research & Consulting / Dept of Physical
Environmental Science; A. Falls, ARC Arnot Research & Consulting; J.M.
Armitage, Univ of Toronto - Scarborough / Physical and Environmental
Sciences; T. Gouin, Unilever / Safety and Environmental Assurance Centre;
M.A. Bonnell, Environment Canada / Ecological Assessment Division
Chemicals are being evaluated to determine if they pose unacceptable
risks to humans or the environment. Measured (monitored) concentrations in environmental media are non-existent or limited for the vast
majority of chemicals produced and used by society. The extensive
exposure data gaps hinder the application of risk-based methods for
chemical prioritization, screening and comprehensive assessments. The
chemical activity approach has been proposed as an integrating concept
for chemical hazard, exposure and risk assessment. The Risk Assessment
Identification And Ranking (RAIDAR) model includes multimedia
mass balance fate calculations for organic chemicals in air, water, soil,
sediment and representative aquatic and terrestrial species and food web
bioaccumulation models comprising various trophic levels (e.g., plants,
invertebrates, fish, birds and mammals) in a regional-scale evaluative environment. RAIDAR combines exposure and effect information to estimate
the potential for adverse effects and provides output in terms of chemical
concentrations, fugacities and activities. Here we conduct a case study for
screening-level ecological risk assessment using measured and estimated
exposure and toxicity data and the RAIDAR model for 14 organic flame
retardants (OFRs). The 14 OFRs include chlorinated, brominated and
organophosphate flame retardants. The chemicals cover a diverse range of
chemical properties for partitioning, reaction, persistence, bioaccumulation and toxicity. Estimates of risk are quantified by comparing exposures
and effects expressed in terms of chemical activity. Uncertainty in model
input parameters (partitioning properties, degradation half-lives, emission rate estimates and toxicity) is used to estimate uncertainty in the
RAIDAR risk calculations. The uncertainty analysis also provides guidance to prioritize data gaps to address uncertainty in the screening-level
risk estimates for each chemical. A comparative risk assessment is used to
rank the OFRs for their relative risks to the environment based on current
information for toxicity and chemical emission rates.
WP139 Sorptive capacities of lipids determined by passive dosing of
non-polar organic chemicals
A. Jahnke, Stockholm Univ / Dept of Cell Toxicology; A.H. Kierkegaard,
Stockholm Univ / Dept of Environmental Science and Analytical Chemistry
ACES; D.J. Bolinius, Dept of Applied Environmental Science; P. Mayer,
Technical Univ of Denmark / Dept of Environmental Engineering; J.
Holmbäck, Stockholm Univ / Dept of Environmental Science and Analytical
Chemistry ACES; M. MacLeod, Stockhom Univ – ITM / Dept of
Environmental Science and Analytical Chemistry ACES
Lipids often are considered the major partitioning phase for non-polar
organic chemicals. What is referred to as “lipid”, however, is a complex
matrix consisting of a highly variable mixture of neutral (‘storage’) and
polar (‘membrane’) lipids that usually is operationally defined by the
extraction protocol. Furthermore, depending on an organism’s fraction
of lipids and proteins and the properties of a chemical, other sorptive
phases (e.g., proteins) may be particularly important. The aim of the present study was to expand our previous studies of the sorptive capacities
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of pure storage lipids into other pure phases and more realistic media,
i.e. extractable organic matter (EOM) obtained by lipid extraction of
various biota samples. Our experimental protocol included: i) extraction
of biota tissues; ii) passive dosing of replicates of each EOM sample with
cyclic volatile methylsiloxanes (cVMS), chlorobenzenes and polychlorinated biphenyls via a common headspace over an olive oil donor phase
to transfer the same chemical activity into the samples; iii) sampling of
EOM and olive oil controls at different time points; iv) purge-and-trap
extraction of the model chemicals onto ENV+ SPE cartridges, elution
and GC/MS analysis; v) characterization of the lipid composition in
all samples via NMR. Our experiments demonstrate that the sorptive
capacities of the EOM samples do not differ significantly from the olive
oil controls if the EOM consists of neutral lipids only. However, the
EOM samples show small but statistically significant differences in their
sorptive capacities for the (semi)volatile model chemicals if other components such as phosphatidylcholine (PC) and cholesterol are present
in quantifiable amounts. Based on the lipid composition quantified by
NMR and literature data for the chemicals’ partition ratios between PC/
water and storage lipid/water, we modeled the chemicals’ partitioning
into the EOM and compared the model results to the measured concentrations. The study provides a new basis for unravelling biomagnification,
since an increase in concentration with trophic level can be divided into a
sorption capacity effect and an increase in chemical activity.

EDCs and Pharmaceuticals in the
Environment
WP140 Faster greener techniques for analysis of common pharmaceuticals in wastewater
S. Egli, H.V. Barrett, J.N. Aubrey, C. Bottaro, Memorial Univ of
Newfoundland / Chemistry
With intensification of water use and reuse, e.g., for drinking water and
agricultural applications, the presence of contaminants in wastewater
is increasingly problematic. Domestic wastewater is a complex mixture
of water, inorganic salts, natural organic matter, household cleaning
products, personal care products, excreted pharmaceuticals and their
metabolites. Treatment of wastewater can transform and remove some
of these compounds, but many persist through the treatment process
and are released into natural receiving waters, i.e., lakes, rivers and
oceans. These compounds can have unanticipated effects on non-target
organisms in the environment, but also contaminate many municipal
water supplies. Consequently it is important to have methods to assess
efficiency of treatment and removal or to assess water quality at intake
prior to treatment to produce finished drinking-water. It is preferable
that these methods be suitable for rapid and frequent screening, while
being as environmentally-friendly as possible. A range of excellent methods have been reported for a huge array of wastewater contaminants.
However, desorption electrospray ionization-tandem mass spectrometry
(DESI-MS/MS), which is fast, sensitive, and combines low solvent consumption with minimal sample preparation, has not been widely applied
to environmental contaminant analysis. DESI-MS/MS methods were
developed for five pharmaceuticals commonly found in the wastewater,
surface and drinking-water: gemfibrozil, ibuprofen, sulfamethoxazol,
primidone, bezafibrate. The usual analytical merits, such as sensitivity,
linearity, and repeatability, will be discussed. The need for sample preconcentration and cleanup to measure contaminants at regulatory limits
is also acknowledged, therefore the use of various sorbent coatings with
direct interrogation with DESI-MS/MS will also be presented.
WP141 Estrogens in estuarine water: Analytical validation and first
data for a highly populated coastal Brazilian region
R.M. Gonçalves; M.R. Marchi, Unesp / Inst of Chemistry, Analytical
Chemistry
Southeast is the Brazilian most populated region. Santos estuary, located
there, includes c.a. 1.5 million inhabitants, one of the most important
Brazilian petrochemical sites and the bigger harbor from Latin America.
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In this region, the sewage treatment is almost inexistent (covers c.a. 20%
of all population), nevertheless there are not studies about the occurrence
and environmental dynamics of estrogens or others endocrine disruptors there. On the other hand, the analytical reliability in environmental
studies have been frequently neglected. Thus, this work presents a
reliability evaluation for estrogens (EE2, E2 and E3) determination in
marine water, using a method based in SPE and HPLC-FLD analysis,
statistical tools were used to accomplish the calibration curve, storage
time of SPE cartridges after sample elution and matrix effects. The analytical validation process showed adequate selectivity, recovery (76-94%,
for different concentrations of EE2, E2 and E3) and precision (RSD
below 20%). The method detection limit for EE2, E2 and E3 was 10 ng
L-1. Five analytical curves for each compound were used to evaluate the
matrix effect wherein the standard solutions were prepared in solvent
(acetonitrile, or on the SPE extract from artificial seawater (S=30) or in
natural seawater. Additionally, for artificial and natural seawater, the
standards were spiked to matrix before the SPE. All standard solution
contained all the studied estrogens, at the same concentration, for each
curve it was used almost six standards concentrations. Model fitting was
done by linear regression models, using ANOVA to evaluate the fittings.
The results showed matrix effects for all analytes, thus matrix-matched
(natural seawater) analytical curves were used at the following method
validation steps. SPE cartridges storage time (after sample loading)
was studied for 6, 22, 29, 55 and 80 storage days, data demonstrated no
significant differences for these storage times. Twelve water samples collected from Santos estuary, in February 2015, showed E3 concentrations
ranging 10-354 ng L-1, while EE2 and E2 were only detectable in all
samples (below method LOQ ). Overall, estriol concentration are above
no-observed-effect concentrations from long term exposition, which can
lead to risk for aquatic organisms. Other sampling campaigns have been
carried out in the same place to enable a wider discussion of the occurrence and dynamics of these compounds in this estuary.
WP142 Occurrence of Wastewater Contaminants at Norway House
Cree Nation, Manitoba, Canada
K. Luong, Richardson College for the Environment; C.S. Wong, Univ
of Winnipeg / Richardson College for the Environment; M.L. Hanson,
Univ of Manitoba / Dept of Environment and Geography; J.K. Challis,
Univ of Manitoba / Chemistry; C. Lobson, Univ of Manitoba / Dept of
Environment and Geography; C.W. Knapp, Univ of Strathclyde
The presence of wastewater contaminants in and from Norway House
Cree Nation’s wastewater facility was characterized so that the local First
Nations community could compare their exposures and releases to other
communities. Water was sampled at four sites throughout the lagoon and
treatment facility, downstream of the discharge into Little Playgreen
Lake, and at an upstream control site that also serves the community’s
drinking water source. Measurements of basic water quality parameters
(e.g., pH, temperature, conductivity and dissolved oxygen) and nutrients
(nitrogen and phosphorus) were assessed, where nutrients were effectively
removed from tertiary lagoon to final effluent. However, little improvement in water quality or reduction in nutrients was observed within the
primary, secondary, and tertiary lagoons. Pharmaceuticals and pesticides
were measured using Polar Organic Chemical Integrative Samplers and
antibiotic resistant genes (ARGs) by LC-MS/MS and qPCR analysis.
Eight compounds were detected at the four sites mentioned from a suite
of 42 analytes: atenolol, atrazine, carbamazepine, sulfamethoxazole, sulfapyridine, gemfibrozil, metoprolol and trimethoprim. Pharmaceutical
concentrations at upstream and downstream sites were below detection
limits, indicating no exposure via drinking and recreational waters.
Reduction of most compounds from lagoon to final effluent was limited.
Atrazine was found at all sampling sites, with the greatest concentrations
found at upstream and downstream sites (ranging from 16-18 ng/L).
Antibiotic resistance genes (ARGs) from the water samples showed the
greatest abundances of tetR (sum of tetracycline resistance genes) found
in the tertiary lagoon, indicating a ten-fold increase from the upstream
and downstream sites. Further gene abundances and bacterial loads will
be quantified to assess ARG spatial behavior within the treatment plant.
From these preliminary results, more sampling points will be collected

to further aid in assessment of temporal and spatial trends and another
polar passive sampler will be deployed parallel to the existing POCIS for
field validation purposes.
WP143 EDC activity in hospital, WWTP effluent, and river waters
from the Brussels region, Belgium
K. Van Langenhove, Vrije Universiteit Brussel / Analytical Environmental
GeoChemistry; T. Reyns, Scientific Inst of Public Health Belgium; T.
Vandermarken, Vrije Universiteit Brussel / Analytical Environmental
GeoChemistry; P. Servais, Université Libre de Bruxelles; M.S. Denison,
Univ of California / Dept of Environmental Toxicology; J. Van Loco,
Scientific Inst of Public Health Belgium; M. Elskens, Vrije Universiteit
Brussel / Analytical Environmental GeoChemistry
Endocrine disrupting chemicals (EDCs) are gaining in worldwide
attention due to their omnipresence, wide range in chemical properties
and possible effects on wildlife populations. Problems with these EDCs
are their continuous release into the environment (industrial, domestic,
inefficient removal). For this reason, the Water Framework Directive
(WFD, amended in 2013/39/EU) established a priority list of 33 new
and 8 previously regulated chemical pollutants and, in addition, 15
compounds were also placed onto a watch list containing estrogen compounds (estradiol, ethinylestradiol). Octyl-, nonylphenol, DEHP, among
others have shown to exhibit endocrine disrupting potential. Rather than
looking solely for concentrations of targeted and well-known EDCs,
this project strives to combine bio-analytical and chemo-analytical data
on the Zenne river crossing Brussels and hospital effluents (a potential
major source for EDCs due to high consumption of pharmaceuticals and
personal care products) for the first time. Bioassays allow scientists to use
in vitro receptor models to assess endocrine activity by comparing the
mixture or cocktail effect originating from the sample extract. Added
value is that this technique picks up effects from compounds that are
not routinely monitored in targeted chemo-analytical methods and can
detect them at low amounts (pg/L EEQ , Estrogen EQuivalence). The
bioassay used in this study is the CALUX (Chemically activated luciferase gene expression) bioassay using a luciferase reporter gene as part
of BG1luc4E2 cells (human ovarian adenocarcinoma). Responses are
time, dose, and ligand specific using 17β-estradiol (the natural female
hormone) as reference compound. Water samples were taken as grab
samples over various locations upstream and downstream of the Zenne
River and in a hospital nearby; 24h composite samples were collected
in Brussels WWTP South (in- and effluent). Samples were filtered and
extracted using Oasis HLB SPE columns. Values ranged from 0.77 to
1.85ng EEQ/L for the Zenne river water, 98ng EEQ/L for hospital
effluent and, respectively, 52.3 and 1.2ng EEQ/L for WWTP influent and effluent. For comparison reasons, commercial drinking waters
amount to 0.004-0.070 ng EEQ/L. These results indicate that effluent
values are high post-discharge of human activities, EDCs are only partially removed by processes in WWTPs, and that the effluents contribute
significantly to EDC loads in the Zenne river.
WP144 Bio-chemical evaluation of endocrine and hormone disrupting activities in river waters from Vietnam and India
T.M. Nguyen, Ehime Univ / Center for Marine Environmental Studies;
H. Matsukami, National Inst for Environmental Studies / Center for
Material Cycles and Waste Management Research; T.H. Le, Ehime Univ;
G. Suzuki, National Inst for Environmental Studies / Center for Material
Cycles and Waste Management Research; S. Takahashi, Ehime Univ /
Center of Advanced Technology for the Environment Agricultural Faculty;
V.H. Pham, Hanoi Univ of Science / Centre for Environmental Technology
and Sustainable Development; A. Subramanian, Ehime Univ / Center for
Marine Environmental Studies CMES; T. Kunisue, S. Tanabe, Ehime
Univ / Center for Marine Environmental Studies
An estimated 90% of all wastewater in developing countries is discharged
without treatment to water bodies, resulting in pollution by a wide variety
of chemicals ranging from natural hormones to man-made compounds
of household, industrial, medical origins. Such pollution not only affects
the aquatic environment but using polluted surface water for agricultural
purposes also poses a risk for human. However, potential toxicities of
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multiple contaminants occurring in surface water of developing countries
have not been assessed. This study evaluated various endocrine and hormone disrupting endpoints in river water samples from a Vietnamese city
(Hanoi) and two Indian cities (Chennai and Bangalore) using ChemicalActivated LUciferase gene eXpression (CALUX) assays for estrogen,
androgen, progesterone, glucocorticoid and aryl-hydrocarbon receptors
(ER, AR, PR, GR and AhR). ER, AR and AhR agonist activities were
detected in most of the water samples, with concentrations in the range
of 0.13–55 ng estradiol equivalent/L, ND–110 ng dihydrotestosterone
equivalent/L and 30–6600 ng benzo[a]pyrene equivalent/L, respectively.
GR agonist activities were detected only in samples from Hanoi and
Bangalore (ND–150 ng dexamethasone equivalent/L), and no activities
were observed in PR-CALUX and in any antagonist assays. The majority of the extractable ER, AR and GR agonists were partitioned in the
dissolved phase, whereas AhR agonists occurred more prevalently in the
suspended phase. The samples from Hanoi and Bangalore had comparable
activity levels, whereas those from Chennai had significantly lower levels.
The ER and AR agonist activity levels found in this study were within the
ranges reported for developed countries, but the GR agonist activity levels
in Bangalore were higher than those reported in Europe and Australia.
Tentative identification of major compounds responsible for the activities
detected in the dissolved phase was also conducted using effect-directed
fractionation for pooled samples. Three major ER agonist fractions were
found, accounting for 28%–67%, 18%–65% and 5.6%–11% of the total
activity and corresponding to estriol, estradiol and phenol compounds,
respectively. There are also three major AR agonist fractions (28%–68%,
9%–32% and 9%–21% of the total activity) as well as one GR agonist
fraction, and identification of the relevant compounds in these fractions is
being conducted.
WP145 Screening treated wastewater for pharmaceutical emerging
contaminants under high temperature and saline conditions
D. Nabi, R. Algaoud, D. Tewolde, J. Rodriguez, Masdar Inst / iWater; F.
Ahmad, iWater
United Arab Emirates (UAE) is one of the world’s most highly water
stressed countries. Currently, major cities in the UAE depend on energyintensive desalination technology for water production, which results
in a significant environmental footprint. At present, treated wastewater
meets less than 10% of Abu Dhabi city’s total water demand indicating a substantial room for improvement with respect to water reuse. We
have begun work leading to the sustainable and safe reuse of the treated
wastewater in Abu Dhabi, UAE. The recycling of treated wastewater,
especially for possible unrestricted end=use, demands a thorough characterization of baseline water quality leading to comprehensive human
health and environmental risk assessments for different end-use scenarios. As a first step of this effort, we are screening treated wastewater
for emerging contaminants such as pharmaceutical compounds. Initial
screening is being conducted using time-weighted passive sampling
followed by UPLC-MS/MS and derivatization-GC-MS. In this paper,
we report the occurrence of pharmaceutical micropollutants or emerging contaminants in the influent, effluent and sludge samples. We also
explore the possible effect of high temperature and salinity conditions
in UAE on the occurrence of these chemicals by comparing to reported
occurrence in colder regions of the world.
WP146 Plants cell cultures: A Tool for Screening Plant Metabolic
Potential of Contaminants of Emerging Concern (CECS)
S. Dudley, UC Riverside / Environmental Toxicology; X. Wu, J. Gan, Univ
of California Riverside
As environmental change and human population growth place greater
pressure on our dwindling resources, the need for the reuse of treated
wastewater and biosolids in agriculture will continue to increase.
However, these resources have been shown to contain many residues of
compounds collectively referred to as contaminants of emerging concern
(CECs). Thus, their reuse may provide a pathway for human exposure
via plant uptake in crops. Levels of CECs in plants will depend both
on translocation and on the metabolism of the compounds in plant tissues. However, very little is currently known about the metabolism of
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CECs in plants. Using carrot callus culture, we compared the metabolism potential of a wide range of CECs and showed 7 pharmaceuticals
– atorvastatin triclosan, sulfamethoxazole, diclofenac, ibuprofen,
gemfibrozil, and naproxen— were rapidly metabolized, with only 0.4%47.3% remaining in the cultures at the end of the 90 hour incubation. In
comparison, 11 compounds—trimethoprim, atenolol, acetaminophen,
carbamazepine, DEET, diazepam, caffeine, meprobamate, primidone,
Dilantin, and triclocarban— were relatively stable. We are using cultures
of different plant types (fruiting, root and a model plant) and expanding
the list of CECs in our on-going research. Our results to date suggest
that plant cells may be used as a rapid and effective tool to screen CECs
and identify “priority” CECs that are recalcitrant to plant metabolism.
WP147 Uptake of endocrine disrupting organic pollutants from sewage sludge by earthworms Dendrobaena veneta
I. Havranek, NIBIO / Soil and environment; E. Joner, Bioforsk / Soil and
Environment
Sewage sludge is an important amendment enriching soils with organic
matter and nutrients such as nitrogen and phosphorus. Their application on agricultural land became therefore a common practice in many
countries that seek to utilize their fertilizer potential. On the other
hand, sludges often contain significant amounts of organic pollutants
that might be incorporated into the soil, following their application as
fertilizers and thus posing a risk to the soil ecosystem. In our study we
compared the uptake of the endocrine disrupting organic pollutants
nonylphenol (NP), nonylphenol 1-ethoxylate (NP1EO), octylphenol
(OP), Triclosan, Galaxolide, Tonalide and the organophosphate flame
retardants tris-(2-chloroethyl) phosphate (TCEP), tris-(2-chloroisopropyl) phosphate (TCPP) and tributyl phosphate (TBP) from sludge
in the earthworm Dendrobaena veneta in two contrasting exposure
scenarios. During a short-term study, the worms were exposed to fresh
sewage sludge for a time period of one week in an agricultural soil, and
the uptake was assessed after up to 16 days after transferring worms to a
clean soil, whereas in the second experiment the worms were let to feed
upon the sludge applied onto an organic soil for two months and were
sampled for analysis only once. During the second, long-term experiment, we also looked at the change in fecundity over several generations
of worms exposed to the sludge. For the chemical analysis, a modified
QuEChERS method was used, followed by quantification on GC-MS/
MS. The results showed that in both experiments, Triclosan had the
highest relative uptake, followed by Galaxolide and Tonalide. Uptake of
the alkylphenols and nonylphenol 1-ethoxylate was negligible, whereas
concentrations of the organophosphates TBP and TCEP in both the
sludge and worms were under the detection limit in both experiments.
There was no uptake of TCPP by worms in any of the cases.
WP148 Dissolved Organic Matter Mediated Photolysis of
17α-Ethynylestradiol
M. Freiberger, S. Eustis, Bowdoin College / Chemistry
The semisynthetic estrogen 17α-Ethynylestradiol (EE2), commonly
found in oral contraceptives, is raising concerns due to its resistance
to biodegradation and deleterious biological effects at ng/L levels.
Indirect photolysis mediated by dissolved organic matter (DOM) may
be a primary attenuation pathway, as reactive species like triplet state
DOM, singlet oxygen and hydroxyl radicals may react with EE2 to
form photoproducts with reduced estrogenicity. In this study, phototrials using fulvic acid obtained from Suwannee River (Georgia,
USA), Androscoggin River (Brunswick, Maine, USA), and Pony Lake
(Antarctica) were used to compare the impact of allochthonous verses
autochthonous DOM, while competitive scavengers were used to assess
the relative importance of degradation pathways involving 1O2, ?OH,
and 3DOM. Results demonstrated greater photolysis rates with DOM
concentration increasing from 3 to12mg/L and when using allochthonous DOM, with 3DOM serving as the dominant degradation pathway.
These preliminary results suggest that aquatic environments dominated
by high concentrations of allochthonous fulvic acid may be best for facilitating the indirect photolysis of EE2.
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Recent Advances in Endocrine Disruptor
Screening – Applications for Ecotoxicology

Regional Marine Monitoring Programs
around the United States

WP149 The endocrine-disrupting potentials of equine metabolites in
the medaka using in silico and in vivo assays
K. Arizono, Prefectural Univ of Kumamoto / Faculty of Env Symbiotic
Science; H. Ishibashi, Ehime Univ / Faculty of Agriculture; M. Uchida,
Mizuki Biotec; N. Tominaga, Ariake National College of Technology / Dept
of Chemical and Biological Engineering; Y. Ishibashi, Prefectural Univ of
Kumamoto / Faculty of Environmental and Symbiotic Sciences; N. Ichikawa,
Ritsumeikan Univ / College of Pharmaceutical Sciences
Although several previous studies have demonstrated the presence of
equine estrogens in the aquatic environment, limited data are currently available on the endocrine-disrupting potentials in fish and the
risks they pose to aquatic organisms. The equine estrogens metabolites
such as 17α-dihydroequilin (17α-Eq), 17β-dihydro equilin1 (17-Eq),
17α-dihydroequilenin (17α-Eqn), and 17β-dihydroequilenin (17β-Eqn)
were investigated for their estrogen potency as compared with equilin
(Eq) and equilenin (Eqn). The docking simulation analysis indicated
that the interaction of 17β-Eqn with the ERα LBD is the most potent,
followed by those of 17α-Eq and 17β-Eq, whereas those of Eq and Eqn
were least potent. The gene expression of hepatic vitellogenin 1/2 and
choriogenin L/H were investigated in male medaka after 72 hr exposure
to 0, 1, 10, 30, 100 ng/L equine estrogens. The induction ability of these
genes indicated Eq>17β-Eq> Eqn> 17β-Eqn> 17α-Eq> 17α-Eqn. These
results suggest that the estrogen potency of 17β-Eq/Eqn is stronger than
17α-Eq/Eqn in male medaka .

WP151 The Regional Monitoring Program for Water Quality in San
Francisco Bay, California, USA: Science in Support of Managing
Water Quality
P. Trowbridge, San Francisco Estuary Institute
The Regional Monitoring Program for Water Quality in San Francisco
Bay (RMP) is a novel partnership between regulatory agencies and the
regulated community to provide the scientific foundation to manage water
quality in the largest Pacific estuary in the Americas. The RMP regularly
monitors water quality, sediment quality, and bioaccumulation of priority
pollutants in fish, bivalves, and birds. To improve monitoring measurements or the interpretation of data the RMP also regularly funds special
studies. The success of the RMP stems from collaborative governance,
clear objectives, and long-term institutional and monetary commitments.
Over the past 22 years, high quality data and special studies from the
RMP have guided dozens of important decisions about Bay water quality
management. Moreover, the governing structure and the collaborative nature of the RMP have created an environment that allowed it to
stay relevant to new issues. With diverse participation, a foundation in
scientific principles, and a continual commitment to adaptation, the RMP
is a model water quality monitoring program. This paper describes the
characteristics of the RMP that have allowed it to grow and adapt over
two decades and some of the ways in which the it has influenced water
quality management decisions for the this important ecosystem.

WP150 Investigations of endocrine disruption using Gambusia
species
M. Gagnon, Curtin Univ / Environment and Agriculture; C. Rawson, Dept
of Environment and Agriculture
A number of model fish species have been proposed for the examination
of the effects of exposure to endocrine disrupting compounds (EDCs)
and standard protocols for this examination have been developed. Where
diversity and abundance of native fish fauna is low and endemism is high,
the value of an exotic surrogate model is considerable, particularly where
a surrogate is present in similar habitats to native species of interest.
Gambusia are considered useful for this purpose due to their wide-spread
distribution, tolerance to a wide range of environmental conditions,
suitable lifecycle for study across various life stages, high level of sexual
dimorphism, and well understood endocrinology. This evaluation
assembles and examines existing scientific knowledge on the use, value
and limitations of using mosquitofish (Gambusia spp.) for investigating
the presence of EDCs in freshwater aquatic systems. The different methodologies and endpoints utilised in studies of EDC impacts in gambusia
range from gene expression, biochemical analysis, sperm production,
histology, gross morphology, behavior, through to population effects.
Advantages of using popular biochemical endpoints of exposure in studies of EDC effects in gambusia are many. Despite the wide variation in
steroid hormone levels within a population, deviations in distinct ratios
of 17β-estradiol to androgens for male and female fish have been shown
to relate to exposure to EDCs in this species. The usefulness of histological examination of the gonads and other organs in identifying exposure
to EDCs is an important factor in result interpretation. The challenge
in extrapolating measured morphological, biochemical and histological
endpoints to population level effects remains affected by large variations
commonly encountered in field studies.

WP152 The San Diego Regional Harbor Monitoring Program in
Southern California, USA
C. Stransky, AMEC Earth & Environmental / Aquatic Sciences
The San Diego Regional Monitoring Program in southern California
encompasses Dana Point Harbor, Oceanside Harbor, Mission Bay, and
San Diego Bay. The County of Orange, City of Oceanside, and City of
San Diego are stakeholders under the lead of the Port of San Diego for
RHMP. This effort has been conducted in coordination with the southern California bight-wide monitoring program managed by the Southern
California Coastal Water Research Project (SCCWRP), known as Bight
’13 this year. The RHMP includes collection and analysis of surface sediment for chemistry, toxicity and benthic infauna at a total of 70 sampling
locations. Water column sampling, benthic community analyses (using
trawls), and special bioaccumulation studies are also being conducted
as a part of the RHMP. These efforts are supporting various regulatory
monitoring requirements, as well as on-going activities related to a more
holistic and integrated assessment of current risk to wildlife and humans
from bioaccumulative compounds. This presentation will highlight
the overall goals and challenges specific to the RHMP, as well as the
key questions addressed as the program evolves over time. Historical
activities related to changes in environmental conditions in San Diego
Bay will then be highlighted, emphasizing the importance of regional
programs to provide both site-specific and large-scale context to better
understand overall conditions and better prioritize future efforts.

Canadian Oil Sands: Advancing Science for
an Expanding Industry
WP153 Recent Trends in Ambient Air VOC and RSC
Concentrations in the Athabasca Oil Sands Region
K. Percy, Wood Buffalo Environmental Association; T. Dann, RS
Environmental
The Wood Buffalo Environmental Association (www.wbea.org) has
been monitoring ambient air quality in the Athabasca Oil Sands Region
of Alberta since 1998. WBEA currently operates 18 fixed, and 4 portable
monitoring stations for the continuous and integrated measurements of
criteria and non-criteria air pollutants. Current and historical raw and
quality assured continuous data are publically available, while 2009-2013
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integrated data for VOC, RSC, PAH, and trace elements/ion in PM
are available on request. By October, current and historical integrated
measurement data along with essential metadata will become publically available. WBEA follows Environment Canada (NAPS) protocols
for sampling and analysis t of VOC and RSC. Sampling is conducted for
24 hrs every 6 days using automatically-triggered Summa canisters. Sixty
target VOC species and 20 target RSC species are quantified. The most
recent 2010-2014 data from 9 air monitoring stations comprising a possible 2700 samples was examined. Patterns and trends within these
data will be presented. A comparison of ambient trends with estimated
emission trends of VOC from nearby industrial sources (using National
Pollutant Release Inventory data) was also carried out.
WP154 Toxicity Mapping using Passive Air Sampling for Polycyclic
Aromatic Compounds
N. Jariyasopit, Environment Canada; S. Halappanavar, Health Canada; T.
Harner, Environment Canada / Atmospheric Science Technology Directorate
Released from pyrogenic and petrogenic sources, polycyclic aromatic
compounds (PACs) are ubiquitous and potentially carcinogenic and
mutagenic. Once emitted to the air, some PACs undergo reactions with
atmospheric oxidants converting the unsubstituted polycyclic aromatic
hydrocarbons (PAHs) into species such as nitrated PAHs (NPAHs) and
oxygenated PAHs (OPAHs). The concept and preliminary results of
toxicity mapping of air, which links passive air monitoring with toxicity
assessment, will be presented. The passive air samplers, deployed in
Toronto, Ontario during December 2013 to February 2014 and in the
Athabasca oil sands region in Alberta during April to May 2014, were
quantitatively analyzed for PACs, NPAHs, and OPAHs. Toxicity of
the air extracts was determined by the bacterial mutation assay using
Salmonella strain TA98 with and without metabolic activation, and by
the cytotoxicity assay using human lung epithelial A549 cells. Spatial
distribution of PAHs and PAH derivatives in air in the oil sands correlated with mutagenicity and cytotoxicity, respectively. The mutagenic and
cytotoxic responses for Toronto and the oil sands sites were found to be
in the same range. In addition, a comparison between two types of polyurethane foam (PUF) disk samplers - conventional passive air sampler
(PAS) and passive dry deposition sampler (PAS-DD) - was carried out in
this study. The PAS-DD sampler was shown to capture higher amounts
of particle-bound PACs (more potent mutagens). The higher proportion
of particle-bound PACs resulted in higher mutagenicity and cytotoxicity
of the PAS-DD samples relative to the PAS samples. The results of this
study show promise for applying toxicity mapping as a complement to
air concentration mapping that is typically done in spatial air monitoring studies using passive air samplers. Toxicity mapping is a pragmatic
approach for assessing risks to humans and wildlife as it considers the
entire chemical mixture that includes known and unknown chemicals
and considers numerous toxic endpoints, in addition to mutagenicity and
cytotoxicity that were evaluated in this study.
WP155 Polycyclic Aromatic Compounds in Tributaries of the
Athabasca River in the Oil Sands Region of Alberta, Canada
C.A. Manzano, D.C. Muir, J.L. Kirk, Environment Canada / Aquatic
Contaminants Research Division; M. Siu, J. Charland, Environment
Canada / Air Quality Research Division; P. Chambers, Environment
Canada / Watershed Hydrology Effects Research Division; A. Alexander,
Univ of New Brunswick / Biology and Canadian Rivers Inst; E. Sverko,
Environment Canada / National Laboratory for Environmental Testing
The development of oil sands in northern Alberta has raised concerns
about the potential environmental impact on aquatic ecosystems in the
region, including parts of the Athabasca River and its tributaries located
within the development region. Compounds of concern include polycyclic
aromatic compounds (PACs) which come from several sources in the area
including upgrading and mining operations, forest fires, blowing dust and
vehicle emissions. It has been suggested that PACs accumulated in the
snowpack throughout winter can be released during snow melt in early
spring and could create potential adverse conditions for aquatic life in the
area (Kelly et al PNAS 2009). This study measured a total of 52 PACs,
including unsubstituted-PACs, alkylated-PACs and dibenzothiophenes
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(DBTs), as part of a larger study focusing on contaminants and nutrients
in the tributaries of the Athabasca River. River samples were collected at
both upstream and downstream sites every 1-3 days during the high flow
season and every 1-2 weeks throughout the summer and fall in 2012 and
2013. Results showed larger total (S)PAC concentrations being released
during the first month of spring (early April) in the Ells, MacKay,
Muskeg and Steepbank Rivers in both years. SPAC concentrations up
to 6 mg/L in 2012, and 19 mg/L in 2013 were observed, and could be
directly related to spring snow melt. The highest SPAC concentrations
were measured in the Steepbank River in 2012, and in the MacKay River
in 2013. SPAC decreased over time and reached values < 1 mg/L in early
June for both years analyzed. The distribution of PACs was different
among tributaries, with the MacKay, Ells and Steepbank Rivers showing
increasing DBT contribution during the first month of spring. However,
the two sites located in the Muskeg River did not show significant DBT
contribution during the entire sampling period.
WP156 Oil sands influences on PAC concentrations, composition
and diagnostic ratios in sediments in the oil sands monitoring area
and western Lake Athabasca
M. Evans, Aquatic Contaminants Research Division; D. de Boer, Univ of
Saskatchewan; M. Davies, Hatfield Consultants; D.C. Muir, Environment
Canada / Aquatic Contaminants Research Division; R. Hazewinkel,
Government of Alberta / Dept of Environment
Oil sands activities in the Fort McMurray area (NE Alberta) have
been highly controversial for a number of years. Based on atmospheric
deposition studies, a picture is emerging of elevated PAC (polyaromatic
compounds) concentrations occurring in close proximity to the developments with background concentrations not reached until ca. 50 km away.
Furthermore, sediment cores reveal a trend of increasing PAC concentrations, particularly in recent years; diagnostic ratios suggest PAC sources
are changing. However, the influence of oil sands activities through
atmospheric and water-borne routes on the tributaries and the Athabasca
River, Delta, and Lake are unknown. Here we report on analyses of sediment data collected as part of the Regional Aquatic Monitoring Program
(RAMP) over 1999-2014 which focused on these river areas in addition
to two lakes on the river plain and two on the upland; more than 40
PACs were analyzed by GC-MS including unsubstituted and alkylated PAHs and dibenzothiophenes. These data are supplemented with
results from sediment core studies including western Lake Athabasca.
While PAC concentrations periodically were high in sediments at some
tributary mouths and along the Athabasca River, there was no evidence
that these concentrations were associated with oil sands activities, i.e.,
exposed bitumen beds are inferred to have been the primary source based
on PAC composition; the one exception was a creek draining a wetland
which had received site drainage water. Total PAC concentrations in
lake surface sediments followed modeled atmospheric deposition patterns with highest concentrations in the two flood plain lakes and lower
concentrations in upland lakes. PAC concentrations have increased in
surface sediments in Shipyard Lake (floodplain), the Athabasca Delta
(when percent sands were included in the regression model) and the Ells
River mouth but decreased at one site on the Muskeg River and western
Lake Athabasca. Greater evidence of widespread changing PAC inputs
was evident in the increasing contribution of alkylated PACs to total
PACs and changes in some diagnostic ratios. Sediment quality guidelines were seldom exceeded; growth and survivorship of Chironomus and
Hyallela were good with no spatial and temporal trends evident. Overall,
the impacts of the increasing oil sands developments on the lower reaches
of the tributaries appear to be relatively small; impacts on the Athabasca
delta and Lake Athabasca were smaller.
WP157 Lead isotopes as a potential fingerprinting tool in the
Athabasca Oil Sands Region
P. Gammon, Geological Survey of Canada; M. Savard, J. Ahad, C. Bégin,
Natural Resources Canada / Geological Survey of Canada; L. Dinis,
Karlsruher Institut für Technologie / Institut für Geographie und Geoökologie
Tracking and monitoring the sources of hazardous metal loads in the
Athabasca Region (AR) water bodies surrounding Oil Sands (OS)
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operations has to date relied entirely on concentration data. This
approach has been controversial because it remains unclear how to
differentiate naturally derived from industrially derived metal loads.
Furthermore, concentration data is dependent upon the equilibrium
dynamics at each site, which is not routinely measured, and thus metal
partitioning between different matrices remains poorly understood in
the region. Metal isotopic information can provide another important
line of evidence for sources and reservoirs of metals. The use of Pb
isotopes is a well-established technique in environmental monitoring
due to the relative minimal fractionation of these isotopes in natural
processes. However, for it to be a reliable monitoring tool requires that
the Pb isotope ratios of the different reservoirs are well characterized
and form isotopically-differentiated end members. This is the case for the
AR, which hosts two major end members: a Devonian Limestone (DL)
signature, and a Cretaceous McMurray Formation (MF) signature. The
DL signature is as expected, but the MF signature is highly anomalous
and likely a product of long-term U leaching. It is the MF that provides
the isotopic differentiation. The available Pb isotopic data from the AR
is consistent across laboratories; partial and total analytical digestions;
and matrices as diverse as soils (n>20), sediments (n>60), rocks (n>30)
and vegetation (n>80). The combined data makes a compelling case for
the integrity of the end member ratios. Regional samples plot along the
mixing line between the two end members, which is interpreted to represent Pb sources from either end member or mixed via the heterogeneous
processes represented in tills, rocks, lake sediments, waters and aerosols.
Thus the differentiated end members offer a powerful fingerprinting and
monitoring tool: 1) wherever there is a close juxtaposition between MF
and DL in the AR; and/or 2) where repetitive measurements over time
register a trend away from the local Pb isotopic signature towards one
of the end members. Pb isotopic results from a tailings pond along the
Athabasca River demonstrates the mixing and fingerprinting of different
sources, and the potential for using Pb isotopes as a monitoring tool.
WP158 Gene expression of drug metabolizing enzymes and ABC
transporters in larvae of Japanese medaka exposed to acidic basic and
neutral fractions of OSPW
H. Alharbi, D.M. Saunders, S. Wiseman, Univ of Saskatchewan /
Toxicology Centre; J. Giesy, Univ of Saskatchewan / Dept of Veterinary and
Biomedical Sciences and Toxicology Centre
Toxicity of oil sands process affected water (OSPW) is caused primarily
by dissolved organic chemicals. It is known that the dissolved organic
fraction of OSPW includes chemicals containing oxygen (Ox, including naphthenic acids), sulfur (SOx), and nitrogen (NOx). There is some
data suggesting that exposure to OSPW modulates expression of genes
encoding drug metabolizing enzymes, and that expression of these genes
might be important for toxicity of OSPW. However, these effects are not
well characterized, and identities of classes of compounds that modulate
expression of these genes is not known. To investigate this hypothesis
dissolved organic chemicals in OSPW were fractionated into acid, basic,
and neutral fractions by use of mixed-mode sorbents. Equal volumes of
each fraction were pooled as a surrogate for the dissolved organic phase
of OSPW. Expression of phase I (cyp3a, cyp1a), and phase II (ugt1a,
ugt2a, sult1a) drug-metabolizing enzymes and phase III ABC-efflux
transport proteins (abcb4, abcg2a, abcc2) were investigated in larvae of
Japanese medaka. Exposure to the basic or neutral fraction had the
greatest effects on expression of phase I and phase III enzymes as expression of cyp3a, abcb4, abcg2a and abcc2 was significantly down regulated in
larvae exposed to the basic or neutral fraction but not in larvae exposed
to the acidic fraction or the pooled sample. In contrast, expression of
phase II enzymes ugt1a, ugt2a, and sult1a were significantly up regulated in larvae exposed to the acidic fraction and the pooled sample but
was not affected in larvae exposed to either the basic or neutral fraction. Composition of chemicals in each fraction was determined by use
of HPLC-LTQ-Orbitrap MS in ESI+ and ESI- mode. Abundance of
nitrogen-containing compounds was greatest in neutral and basic fractions compared to the acidic fraction. Abundance of oxygen- containing
compounds was greatest in the acidic fraction compared to the neutral
and basic fraction. Overall, the data suggest that expression of genes

encoding drug metabolizing enzymes is differentially modulated by
acidic, basic, and neutral compounds in OSPW. Implications of these
effects for toxicity of OSPW are currently being assessed.
WP159 Preparative fractionation of bitumen-influenced groundwaters from the Athabasca oil sands region for toxicological evaluations
R. Frank, Environment Canada / ACRD; A. Bauer, Univ of Waterloo
/ Biology; C.B. Milestone, M. Rudy, S. Barrett, J.W. Roy, G. Bickerton,
Environment Canada; J.V. Headley, K.M. Peru, Environment Canada
/ Watershed Hydrology and Ecology Research Division; D. Shang, P.
Brunswick, Environment Canada; D. Dixon, Univ of Waterloo; M. Hewitt,
Environment Canada / National Water Research Inst
Much of the oil sand deposit in the area surrounding Ft. McMurray,
AB is near-surface, enabling cost-effective surface mining operations in
this region. Ground and surface waters can traverse the deposit, possibly
mobilizing water-soluble bitumen derived chemicals into the Athabasca
River watershed. In addition to this input, recent research has identified
oil sands process-affected water (OSPW) contamination of groundwater systems surrounding tailings ponds. While chemical profiles
are beginning to be described for these natural and anthropogenic
bitumen-influenced groundwaters, little is known regarding their toxicity and potential environmental impacts. In the current study, a recently
established fractionation protocol was applied to a sample set of four
groundwaters (>100L each), previously identified as containing either
natural bitumen or OSPW contamination mixed with natural bitumen.
The fractionation method allowed for the isolation of individual mixtures
of neutral organics, polar organics, and inorganics (metals and salts),
generating five fractions in total. The resulting fractions were characterized using gas chromatography (GC-) and liquid chromatography (LC-)
Quadrupole Time-of-Flight Mass Spectrometry (QToF/MS), HPLCQToF/MS, electrospray ionization high-resolution mass spectrometry
(ESI-HRMS), synchronous fluorescence spectroscopy (SFS), and major
ion analyses. Due to the significant complexities of bitumen-influenced
waters, the achieved chemical separation of these highly complex
mixtures will determine the major drivers of toxicity in groundwater
influenced by both natural bitumen and OSPW contamination. This, in
turn, will facilitate understanding of how migration of OSPW, beyond
containments, could potentially influence the Athabasca River system
relative to natural inputs.
WP160 Toxicity of naphthenic acid fraction components extracted
from oil sands process-affected waters to fathead minnow and walleye
early life stages
J. Marentette, Dept of Fisheries & Oceans; R. Frank, Environment
Canada / ACRD; A.J. Bartlett, P. Gillis, Environment Canada / Aquatic
Contaminants Research Division; M. Hewitt, Environment Canada /
National Water Research Inst; K.M. Peru, J.V. Headley, Environment
Canada / Watershed Hydrology and Ecology Research Division; P.
Brunswick, D. Shang, Environment Canada; J. Parrott, Environment
Canada / Water Science and Technology Directorate
Oil production in northern Alberta’s oil sands deposits leads to the
generation of oil sands process-affected water (OSPW), which contains
high concentrations of naphthenic acid fraction components (NAFCs).
Some NAFCs can be toxic and persistent, which is a concern for the
remediation of tailings ponds. We examined fathead minnow embryolarval survival, growth and deformities after exposure to extracted
NAFCs from fresh and aged OSPW, as well as commercially available
NA mixtures. We also compared the sensitivity of fathead minnow to embryo-larval walleye exposed to NAFCs from fresh OSPW.
Commercial NA mixtures were dominated by acyclic O2 species, while
NAFCs from OSPW were dominated by bi- and tricyclic O2 species.
Both NAFC and commercial NA mixtures reduced hatch success,
although NAFCs from OSPW were less toxic (EC50=5-12 mg/L) than
commercial NAs (2mg/L) and elicited different embryonic deformities. Commercial NA mixtures are thus not appropriate surrogates for
NAFC toxicity. The toxicities of NAFCs extracted from aged and fresh
OSPW were similar in fathead minnow embryo tests. In longer tests
using NAFCs from fresh OSPW, EC50s for hatch success and survival
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were lower for walleye (10-11 mg/L) than for fathead minnow (22-25
mg/L).Growth effects with NAFC exposure were apparent at concentrations below the EC50 in fathead minnow larvae (total mass IC10 14-17
mg/L), where tests extended into the feeding stage, but not for walleye
where tests terminated at the end of the yolk-dependent stage. These
data contribute to a greater understanding of the developmental stages
targeted and species differences in potency of NAFCs.
WP161 Olfactory and behavioral responses in fish exposed to natural
and anthropogenic oil sands related toxicants in the lower Athabasca
River basin
S. Chow, Biological Sciences; G.G. Pyle, Univ of Lethbridge / Biological
Sciences
Majority of surficial bituminous oil sands deposits is found around the
lower Athabasca River region of Alberta, Canada’s Athabasca oil sands
deposit. These oil sands deposits can easily be eroded through natural
fluvial processes or mechanically accessed and processed within open-pit
mining operations. Bitumen-related toxicants can therefore be delivered
into the watershed through these various means, potentially causing changes in aquatic ecosystem health. A three-way reciprocal cross
transplant using finescale dace (Phoxinus neogaeus) is being completed in
order to determine possible differences in impacts between natural fluvial
deposition and anthropogenic inputs of bituminous toxicants. The three
sites include a tributary upstream from surficial sources of bituminous
oil sands deposition, mining or processing, a tributary exposed to fluvial
inputs of bituminous oil sands, and a tributary downstream from surficial
mining and fluvial inputs. Fish transplant occurred across all three sites
and are being held for 28 days during the experiment. As predatory
avoidance is one of many important factors required for the successful
proliferation of a population, it is ecologically relevant to study predator avoidance response in these lower trophic level fish species. Using an
antipredator chemosensory cue, olfactory and behavioral responses are
tested before, during, and after the experimental field exposure. For each
fish, olfactory and behavioral responses is measured using electroolfactography (EOG), and an I-maze behavioral bioassay, respectively. EOG
determines the functional cellular response of the fish olfactory epithelium to the administered conspecific predator cue. The behavioral I-maze
bioassay aids in determining the organismal-level response to the same
conspecifc predator cue. Together, the two measurements of antipredator response gives both micro- and macro-level evidence of predator
avoidance response. Changes in olfactory acuity and behavior responses
are observed before, during and after exposure. Determining changes
in response to antipredator cues in finescale dace following transplant
will help elucidate potential ecological risk of natural and anthropogenic
sources of bituminous oil sands toxicants.
WP162 Determining the effect of oil sands process-affected water on
grazing behavior of Daphnia magna
E. Lari, E. Mohaddes, G.G. Pyle, Univ of Lethbridge / Biological Sciences
Oil sands process-affected water (OSPW), which is produced as a
byproduct of the oil sands surface-mining industry in northeastern
Alberta, is currently being stored in massive on-site tailing ponds.
Companies are eventually responsible to remediate and release OSPW
to the natural environment. Such a release would need to minimize the
impact to downstream ecosystems. In this study, the toxicity of OSPW
on Daphnia magna was studied using an ecologically relevant endpoint,
feeding behavior. Three batches of OSPW from different sources were
studied in order to capture some of the variability associated with
OSPW characteristics. In short-term toxicity experiment we examined
the feeding behavior of one-week-old Daphnia to each of the OSPWs.
Daphnia were exposed to a dilution series (1.25, 2.5, 5, 10 and, 20%) of
each OSPW and all treatments were fed similar quantities of the alga
Pseudokirchneriella subcapitata for 24 h. Daphnia food consumption was
determined by evaluating how much algae remained after a fixed period
of grazing. The results of both short-term exposures showed that all three
OSPW samples significantly inhibit the feeding behavior of Daphnia. In
order to determine the causative mechanisms of the observed reduction
in the feeding rate, Daphnia were exposed to the same concentrations of
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OSPW for 24 h. The olfactory response and total activity of the exposed
Daphnia were examined by a Y-shaped choice maze and the metallic
element content of the exposed Daphnia was investigated using energydispersive X-ray (EDX) spectroscopy. Results of the behavioral assay
revealed that OSPW impairs the chemosensory function and reduces
the total activity of Daphnia. In EDX spectroscopy, aluminium (Al) and
silica (Si) were detected in the gut of the exposed Daphnia. Since these
two elements suggest the presence of clay particles, it was concluded that
the exposed Daphnia filter clay particles from the OSPW solution. These
results suggest that impairment of olfactory function, reduction of total
activity and consuming clay particles instead of food are three mechanisms by which OSPW reduces the feeding rate of D. magna.
WP163 Toxicogenomic effects of diluted bitumen on developing
fathead minnow (Pimephales promelas)
F. Alsaadi, Queens Univ / Biology; B.N. Madison, Royal Military College
of Canada / Dept of Chemistry and Chemical Engineering; P.V. Hodson,
Queens Univ / School of Environmental Studies; V.S. Langlois, Royal
Military College of Canada / Dept. of Chemistry / Chemistry and Chemical
Engineering
The development of Canada’s oil sands industry has led to a significant
increase in the use of diluted bitumen (dilbit), created by mixing bitumen
with diluents from oil-gas condensates to facilitate its transport through
pipelines. While the toxicological effects of a variety of crude and refined
oils on fish have been broadly assessed, little is known about the toxicity
of dilbit to early life stages of fish due to its varied chemical composition
tailored to the conditions and season of transport. Species of fish most
likely to be exposed to dilbit during a spill would be those that inhabit
rivers and lakes along the current and proposed pipeline routes. This
study determined the toxicity of two dilbit blends: Access Western Blend
(AWB) and Cold Lake Blend (CLB) to fathead minnow (Pimephales
promelas) embryos. Fertilized embryos were exposed to a range of
concentrations of water accommodated fractions (WAF) and chemicallyenhanced WAF treated with the dispersant Corexit®9500A (CEWAF)
prepared from both AWB and CLB. After exposure, newly hatched fish
were scored for signs of blue sac disease and sampled for gene expression
analysis. Transcriptional analysis was used to quantify the effects of dilbit
toxicity on the cellular stress response, which regulates the detoxification
mechanisms responsive to oil-derived polycyclic aromatic hydrocarbons
(PAHs), among others. Data produced by this study provide perspective
on the effects of dilbit on a model fish species native to North America
and the importance of investigating the biological impacts of a potential
spill in watersheds critical to aquatic species.
WP164 A comparison of conventional crude oil and dilbit developmental toxicity to zebrafish
D. Philibert, Univ of Alberta / Biological Sciences; C. Philibert, C. Lewis,
Univ of Alberta; K.B. Tierney, Univ of Alberta / Biological Sciences
The toxicity of diluted bitumen oil (dilbit) has been largely understudied,
despite widespread transport and the potential for accidental environmental release. This study compared the effects of exposure to low and
high concentrations of water accommodated fractions (WAFs; 1/1000
and 1/10 oil to water, respectively) of dilbit, a conventional mixed sweet
blend crude oil, and a medium sour composite crude using larval zebrafish. Fish were exposed from 30 min to 7 days post-fertilization (dpf)
and scored for survival, incidence of pericardial edema, yolk sac edema,
abnormal tail curvature and hatch rate. Previous studies have suggested
that crude oil WAF exposure inhibits axon path finding, decreases axon
number and impairs escape behavior in larval zebrafish (de Soysa et al.
2012). To determine the impact of Alberta conventional crudes and dilbit on the basal activity levels we compared maximum velocity, distance
travelled and time spent in zones for 1/10 oil to water WAF exposed
fish. Low concentration WAFs had no effects; high concentration WAFs
of all three oil types increased pericardial and yolk sac edema, and
decreased survival. The survivorship values (7d LC50) indicated that the
varieties of conventional crude were more toxic than dilbit, demonstrating that the environmental risks associated with dilbit are less or no
different from those of conventional crude.
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WP165 A mechanistic investigation of the influence of water chemistry on vanadium toxicity to Daphnia sp.
E. Gillio Meina, Univ of Saskatchewan - Toxicology Centre; S. Niyogi,
Biology Toxicology Centre; K. Liber, Univ of Saskatchewan / Toxicology
Centre
Alberta’s oil sands industry generates approx. 8.5 million tonnes of coke
yearly, which contain up to 5 % of vanadium (V) by weight. Recent
investigations have explored the use of coke as a sorbent to reduce
concentrations of organic chemicals in oil sands process water (OSPW).
Unfortunately, in the process V is released from the coke and can
increase in “treated” OSPW to levels up to 7 mg/L of V. Little research
has been done to understand how common water quality variables can
affect toxicity of V to aquatic organisms and how this effect could be
explained through an understanding of the toxic mechanisms of action
of V. Here, previously developed site-specific relationships between
toxicity modifying factors and V toxicity to Daphnia pulex will be compared with mechanistic investigations of V toxicity using D. magna. A
literature review revealed that V could be inhibiting the Na+/K+ pump
in aquatic organisms. To investigate this hypothesis, variations in the
whole body content of key, major ions will initially be characterized in
control organisms. Subsequently, the effect of V on sodium flux will be
investigated and, finally, inhibition of the Na+/K+ pump by V will be
assessed at sublethal V concentrations. Results to date indicate that when
alkalinity increased from 100 to 600 mg/L as CaCO3, the toxicity of V
to D. pulex decreased. Also, when sulphate concentrations were raised
from 30 to 300 mg/L, the LC50 to D. pulex rose and the fell following
a quadratic relationship. When the concentration of sodium was higher
than 400 mg/L, the toxicity of V to D. pulex doubled. These contrasting
results could indicate that the mechanism of V uptake in Daphnia could
be through anion carriers, and that V may subsequently be affecting the
internal ion balance of sodium, potentially causing a respiratory disruption within the organism.
WP166 Assessing the toxicity of natural Oil Sands area sediments
using juvenile freshwater mussels
P. Gillis, Environment Canada / Aquatic Contaminants Research Division;
R. McInnis, Environment Canada; R. Frank, Environment Canada
/ ACRD; M.E. McMaster, Environment Canada / Water and Science
Technology Directorate Aquatic Contaminants Research Division; A.J.
Bartlett, W. Norwood, Environment Canada / Aquatic Contaminants
Research Division; M. Hewitt, Environment Canada / National Water
Research Inst; J. Parrott, Environment Canada / Water Science and
Technology Directorate
In collaboration with the Joint Canada-Alberta Oil Sands Monitoring
(JOSM), the toxicology of oil sands-region environmental samples was
examined. Laboratory-based exposures were conducted with fieldcollected sediment samples from the Ells, Steepbank and Firebag Rivers
using freshwater mussels. Sediment samples were collected from three
areas of each river representing the upper, middle and lower reaches,
defined respectively as locations upstream of the deposit, within the
deposit, and within the deposit and downstream of mining activities
at the time of sampling. Juvenile (6 month old) Lampsilis siliquodea
were exposed to sediments with partial weekly water renewals and
biweekly sediment renewal. Survival and behavior (burrowing ability) were examined after 14 and 28 days of exposure. Mussels exposed
(28 d) to sediments from all three reaches of the Ells (95-100%) and
Firebag Rivers (97-100%) had similar survival as control mussels (100%).
However survival was significantly reduced in mussels exposed to sediments from the lower reaches of the Steepbank River (22%) compared
to mussels exposed to sediments from the upper and middle reaches of
that river (98%). In addition, the burying ability of some mussels exposed
to lower reach sediments was reduced. Specifically, 35% of the mussels
exposed to sediments from the lower Steepbank River exhibited delayed
burying activity compared to those exposed to sediments from its upper
reach (2% delayed), and slightly more of the mussels exposed to lower
Firebag River sediments exhibited delayed burying (12%) compared to
those exposed to upper reach sediments from that river (8%). As the oil
sands surface mining developments are located in areas where the deposit

is most shallow, current research is attempting to derive the relative
influences of natural and anthropogenic bitumen-derived chemicals,
with immediate focus on sample sites where effects have been observed.
WP167 Assessing sediments for “lake making” by determining the
pore water concentration and potential bio-available fraction of
organic contaminants
A. Wijdeveld, DELTARES / Fresh Water; F. Smedes, RECETOX /
Environmental Chemistry and Modeling
Lake making is the redesign of a tailing pond into a lake, with a habitat
suitable for nature development and/or human activities (like fishing or boating). The Netherlands applies similar solutions for what is
called “room for the rivers”. To make room for water large quantities of
sediment and soils, often with contaminants, are stored in artificially
constructed shallow lakes. To assess if a tailing pond is suitable for lake
making, the sediment is not so much evaluated on the total concentration of pollutants present, but on the actual pore water concentration and
the potential bio-available fraction. These concentrations determine the
acute and chronic exposure risk. We developed and applied a test method
to measure the concentrations of freely dissolved organic contaminants
based on the introduction of an extra phase, the passive sampler. This
method was applied in several surveys within the Convention for the
Protection of the Marine Environment of the North-East Atlantic (the
OSPAR convention). We enhanced the method to also measure the
bio-available sediment fraction (the potential release) and the fraction
irreversibly bound to the sediment. This is done by applying different
ratios between sediment and the amount of passive sampler. We have a
database for many contaminated sediments, including oil contaminated
sediments. Based on these measurements we are able to compare the total
concentration of organic contaminants with the bio-available fraction. In
many samples we observe that 50% or more of the organic contaminants
are irreversibly bound to the sediment, and therefore do not form an environmental risk. We observe a similar discrepancy between the calculated
pore water concentrations (based on total concentrations and generic Koc
values) and the observed pore water concentrations. We show that, based
on the observed pore water concentrations, the calculated potential toxicity based on the multi substances Potentially Affected Fraction (ms-PAF)
in lake making projects is often much lower than the ms-PAF based
on total concentrations. This research helps policy makers to shift from
worrying about sediment contamination levels to putting their energy
in creating opportunities with sediments to restore habitats and develop
business opportunities by lake making.

Airborne Particulate Matter Toxicity: Key
Players and Modes of Action
WP168 Contrasting Water-Soluble Dithiothreitol (DTT) and
Ascorbic Acid (AA) Activities: Spatiotemporal Trends, Source
Apportionment, and Health Impacts
T. Fang, School of Earth and Atmospheric Sciences; V. Verma, J. Bates, J.
Mulholland, A. Russell, R. Weber, Georgia Inst of Technology
Numerous studies have linked exposure to fine particulate matter
(PM2.5) with increased respiratory and cardiovascular diseases. The
underlying mechanism is unknown, but it has been hypothesized that
the generation of reactive oxygen species (ROS) by PM induces oxidative
stress and inflammatory responses in human body. Thus aerosol oxidative
potential, the catalytic ability of particles to generate ROS, might be
a better indicator of PM toxicity than more generic aerosol properties,
such as mass. We developed a semi-automated system using programmable syringe pumps to quantify the water-soluble oxidative potential of
filter samples utilizing the dithiothreitol (DTT) assay and Ascorbic Acid
(AA) assay. Taking advantages of the automated system, we were able
to conduct high throughput measurements on the oxidative potential of
more than 500 PM2.5 samples collected at contrasting environments
within the framework of the Southeastern Center for Air Pollution &
Epidemiology (SCAPE) study. We found that DTT activity on a per air
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volume basis was spatially uniform, had higher levels in winter than in
summer, and was generally well correlated with PM2.5 mass (r=0.490.88). In contrast, AA activity was heterogeneously distributed, higher
in summer compared to winter, and did not co-vary with mass. DTT
activity was correlated with water-soluble organic and metals species
(r=0.71-0.88) while AA activity was only correlated with water-soluble
metals (especially Cu, r=0.70-0.91). A Positive Matrix Factorization
(PMF) analysis suggests that 35%, 31%, and 25% of DTT activity was
associated with biomass burning, secondary processes, and traffic emissions, respectively; while AA activity was mostly driven by secondary
processes (47%) and traffic emissions (45%), not biomass burning (1%).
This unique large data set of DTT and AA activities and an ensemble
source apportionment method were used to estimate the historical DTT
and AA activities for the period of 1998-2009. Time series epidemiological analyses suggest that DTT activity was associated with emergency
Dept visits for both asthma/wheeze and congestive heart failure, while
AA activity was not linked to any investigated health outcomes (Bates et
al., 2015). The lack of correlation of AA with PM2.5 and greater chemical selectivity of AA assay (specific to Cu) may explain these results. We
conclude the DTT assay is a more comprehensive multi-pollutant ROS
indicator for future PM health-related studies.
WP169 Oxidative Potential of Ambient Particulate Matter in
Southeastern United States and the Generation of Reactive Oxygen
Species
V. Verma, Georgia Inst of Technology / EAS; T. Fang, School of Earth and
Atmospheric Sciences; J. Bates, Georgia Inst of Technology; N.L. Ng, Georgia
Inst of Technology / EAS; A. Russell, R. Weber, Georgia Inst of Technology
The capability of ambient particulate matter (PM) to generate reactive oxygen species (ROS) has been proposed as the central mechanism
responsible for various health effects associated with PM. To further
delineate the components and sources contributing to the PM oxidative potential, a multi-institutional campaign was conducted in the
southeastern United States from 2011 to 2015. The campaign named,
Southeastern Center for Air Pollution and Epidemiology (SCAPE),
was part of a joint research project between Georgia Tech and Emory
University, and involved PM2.5 sampling at multiple sites in the
southeast. The oxidative potential of the particles was measured by a
dithiothreitol (DTT) assay. The source apportionment conducted using
factor analysis approach yielded biomass burning and secondary aerosol
formation from vehicular emissions as the major sources contributing to the ROS generation (35 % and 31 % contribution, respectively).
Large molecular weight aromatic compounds (humic-like substances,
called HULIS) and metals (Cu and Mn) were the bulk components,
which were responsible for ROS generation. HULIS elution in different
solvents of varying polarity indicates highly polar organic compounds,
which probably include oxygenated derivatives of PAHs and quinones,
associated with ROS. A receptor model based on chemical mass balance
was also used to estimate the historical levels of PM oxidative potential
for use in an epidemiologic analysis in Atlanta. ROS was more strongly
associated with emergency Dept visits for asthma/wheezing and congestive heart failure than PM2.5 mass. Collectively, these results highlight
the importance of both primary sources such as vehicular emissions and
biomass burning, and their atmospheric processing to form secondary
aerosol in the redox cycling properties of ambient particles, and suggest
ROS generation and oxidative stress as the biologically plausible mechanism responsible for PM driven health effects.
WP170 A Murine Model of Allergic Inflammation and Immune
Sensitization on Exposure to Ambient Ultrafine Particulate Matter
and Engineered Nanoparticles
M. Williams, Army Inst of Public Health / ToxicologyHealth Effects Research
Program; N. Li, Michigan State Univ / Center for Integrative Toxicology
Pathobiology and Diagnostic Investigation
Ultrafine particles (UFPs), including diesel exhaust particles (DEP),
ambient particulate matter (APM), and engineered nanoparticles (e.g.,
silver nanoparticles or AgP), are risk factors for asthma, exacerbations of pre-existing airways disease (e.g., COPD), and other adverse
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cardiovascular and respiratory health effects. The transcription factor
nuclear factor (erythroid-derived 2)-like 2 (Nrf2) protects against oxidative stress and lung inflammation. We hypothesized that Nrf2 deficiency
in innate immune dendritic cells (DC) enhances UFP-mediated allergic
sensitization. Activation of lung DC in vivo were assayed for early
immunotoxicological events in a mouse model of lower airway exposure
to APM, DEP, carbon black particles (CBP) and AgP that we have also
shown dependent on p38 mitogen-activated protein kinase (p38 MAPK)
and extracellular signal-regulated kinase (ERK) I/II signaling pathways.
We also studied the immune adjuvant effects of intranasally instilled
UFP and the model allergen ovalbumin (OVA), in an Nrf2 knockout
(Nrf2-/-) model as compared wild-type (Nrf2+/+) counterparts. UFP
species differentially induced pulmonary cellular infiltration and only
APM induced eosinophilic infiltration. Both APM and DEP activated
pulmonary DC and promoted a T-helper 2 (Th2)-type (allergic) cytokine
response from naïve CD4+ T cells ex vivo. Primary peribronchial lymph
node cultures displayed a Th2-type immune response following APM
and DEP exposure. The immune adjuvant effects of intranasally instilled
UFP were significantly enhanced in Nrf2 knockout (Nrf2-/-) mice as
compared wild-type (Nrf2+/+) counterparts. Under resting conditions,
Nrf2-/- DC displayed an intrinsic predilection to a Th2-like cytokine
profile characterized by low IL-12p70 levels and high IL-6 levels as
compared Nrf2+/+ DC. Adoptive transfer of OVA/UFP-treated Nrf2-/DC provoked severe pulmonary allergic inflammation as compared their
Nrf2+/+ DC counterparts. Respirable environmental pollutants enhance
DC activation, and allergic inflammation. Nrf2 deficiency in DC
enhanced the immune adjuvant effects of UFP on allergic sensitization.
Future studies will comparatively differentiate the immunotoxicology
and immune adjuvant effects of ambient ultrafine pollutant particles
and nanoparticulate matter suspected of promoting allergic immunity,
cardiovascular and/or pulmonary health effects.
WP171 Predicting species-specific exposures to ambient particulate
matter in indoor air
N. Hodas, Caltech / Chemical Engineering; B.J. Turpin, UNC Chapel Hill /
Environmental Sciences and Engineering
Because people spend the majority of their time indoors, the indoor
environment is an important venue for exposure to particulate matter of
outdoor origin (ambient PM). Individual chemical components within
the ambient PM mixture penetrate into and persist in indoor air with
varying efficiencies and, as a result, the chemical composition of the
ambient PM that people are exposed to indoors differs from outdoor
measurements of PM composition commonly used in epidemiological
studies. Recent evidence suggests that some chemical components of
ambient PM may be more toxic than others; however, uncertainty as
to which components are most toxic remains. To attribute the toxicity
of ambient PM to its individual chemical components, there is a need
for modeling tools to predict the chemical composition of ambient PM
in indoor air. To address this need, a mechanistic outdoor-to-indoor
transport model that accounts for variability in the indoor transport of
particles of varying size and composition is developed and evaluated.
A specific focus is placed on addressing challenges related to modeling the indoor transport and related exposures to ambient organic PM.
Estimating indoor exposures to ambient organic PM is complicated by
the fact that shifts in the gas-particle partitioning of semivolatile organic
compounds (SVOCs) can occur with indoor transport due to differences between the indoor and outdoor environments (e.g., differences
in temperature, availability of organic particulate matter for sorption).
For example, gas-phase SVOCs emitted indoors can sorb to organic PM
of outdoor origin that has been transported indoors. Similarly, incoming organics of outdoor origin can shift from the gas phase toward the
particle phase when they sorb to organic PM emitted by indoor sources.
These processes result in changes in the mass concentrations of organic
PM in the indoor environment and can alter its chemical composition
and, correspondingly, toxicity. The methods presented treat the indoor
transport of ambient PM constituents separately and, thus, allow for the
quantification of exposures to and toxicity of individual chemical components. This work aims to improve knowledge regarding the health effects
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of ambient PM constituents and to aid in the evaluation of the influence
of interactions between pollutants of indoor and outdoor origin on the
toxicity of PM found in the indoor environment.
WP172 Physicochemical Composition of Ambient Respirable Dust in
the Urban Setting: The Case of Kitwe City
P. Mwaanga, W. Munthali, The Copperbelt Univ / Environmental
Engineering
Air pollution is a source of concern in many cities around the world
and may be due to emissions from auto exhaust, mining, industrial and
other combustion processes. The emissions may be gaseous or particulate matter (PM), or combination of both. Exposure to respirable PM
is associated with lung and cardiovascular diseases, especially with the
elderly, the young and those with compromised immunity. As a result
of increasing pollution in urban ambient air, mortality and morbidity is on the increase in some cities. Urban ambient air may comprise a
diverse size and chemical composition of PM, and the extent of injury is
size and chemical composition dependent. Knowledge of the extent of
pollution and its physicochemical characteristics is crucial in the control
and management of PM pollution in any ambient air urban setting. This
study investigated the size, size distribution, morphology and chemical composition of particulates in the ambient air in Kitwe, one of the
busiest industrial cities in the Republic of Zambia. This investigation
included spatial, seasonal and temporal variation of PM in ambient air.
Each sample was collected for an average time of 24 hours. Personal
samplers fitted with 0.5 µm PVC filter membranes were used. The mass
concentrations were obtained gravimetrically. The concentrations of
Cu, Zn, Pb, Cd, Mn, Fe and Cr were determined by ICP-OES. Silica
measurements were carried out using FTIR. Size, size distribution and
morphology were determined by SEM. The results indicated that a
substantial amount of ambient PM were in the range 0.5 µm – 5.0 µm.
Morphologically, PM varied from oval, spherical, rod like and other
irregular shapes. The mass concentrations ranged from 0.03 µg/m3 - 15.5
µg/m3, with particularly higher concentrations in the hot dry season.
Concentration of silica ranged from trace to 5.6 % of ambient PMs concentrations. The major elemental constituents included Cu, Fe and Pb;
while Zn, Cd, Mn and Cr were minor. The results suggest that PM air
pollution in Kitwe is becoming a serious human health issue.

Sources, Concentrations, Fate and Effects
of Organophosphate Flame Retardants and
Plasticizers
WP173 Organophosphate ester concentrations in Toronto tributaries, rain water, and waste water treatment plants
J. Truong, Univ of Toronto / Chemical Engineering and Applied Chemistry;
M.L. Diamond, Univ of Toronto / Dept of Earth Sciences; L.M. Jantunen,
Environment Canada; P.A. Helm, Ontario Ministry of the Environment
and Climate Change / Environmental Monitoring and Reporting Branch
Organophosphate esters (OPE’s) are commonly used as plasticizers,
lubricants and as replacement flame retardants for the recently PBDEs.
OPEs are a concern because of recent reports of high concentrations
indoors and in surface waters, their reported levels in herring gull
eggs and fish, and their potential toxicity to aquatic biota and humans.
Since OPE’s are typically employed as additives and are not chemically
bonded, they are subject to release from products into the environment via volatilization, dissolution and abrasion. Recent studies have
found them in the Artic at much higher levels than PBDE’s, suggesting
long-range transport capability. Since the spring of 2014, surface water
samples were collected monthly at three Toronto Tributaries during
high and low flow periods and at three waste water treatment plants
(WWTP), as well as from bulk rain water. The data show that the input
sources into the Toronto watershed differ significantly in concentrations
(ANOVA, p< 0.05) with WWTPs having the highest average concentration, then tributaries during high flow periods, and tributaries during

low flow periods. WWTPs have elevated levels of total concentration
of OPEs (∑OPEs) of 33 ± 43 µg/L that range from 0.47 – 97 µg/L.
Tributaries differ from each other only during high and low flow periods
and not from each other with ∑OPEs averaging 7.8 ± 6.3 µg/L (0.91-20
µg/L) and 1.5 ± 1.6 µg/L ( 0.46-14 µg/L), respectively. OPE compounds
generally follow the trend amongst WWTP, tributary and rain samples
of decreasing abundance of TBEP, TCPP, TCEP, and then TDCPP.
∑OPEs concentrations in tributaries correlate with water discharge
(m3/s), with a Pearson Correlation Coefficient (r) of 0.65. There appears
to be no correlations between individual or ∑OPEs with suspended solids
or turbidity, unlike PBDEs. Concentrations of several OPEs correlate
with each other in all water samples such as TCEP with TCPP (r= 0.89)
and TDCPP (r=0.82) and TCDPP with TCPP (r=0.88).
WP174 Concentrations and Trends of Organophosphate Esters in the
Great Lakes Atmosphere
A. Peverly, A. Salamova, M. Venier, Indiana Univ / SPEA; R.A. Hites,
Indiana Univ / School of Public Environmental Affairs
Organophosphate esters (OPEs) are mainly used as flame retardants
and plasticizers; however, because they are not chemically bonded, these
chemicals are being released into the environment. With the use of
samples obtained from the Integrated Atmospheric Deposition Network
(IADN), we have analyzed OPEs in vapor, particles, and precipitation
at six different sites located in the Great Lakes basin. Data discussed
here include samples collected from March 2012 to December 2014.
This data set has allowed us to examine temporal, seasonal, phase, and
spatial trends in the concentrations in the air (vapor and particle phases)
and precipitation phases. Levels of 18 organophosphate esters (OPEs)
were measured and will be discussed. The target compounds were
four halogenated phosphates [tris(2-chloroethyl) phosphate (TCEP),
tris[(2R)-1-chloro-2-propyl] phosphate (TCIPP), tris(1,3-dichloro2-propyl) phosphate (TDCIPP), and tris(2,3-dibromopropyl) phosphate
(TDBPP)], six alkyl phosphates [triisopropyl phosphate (TIPrP),
tri-n-propyl phosphate (TPrP), tributyl phosphate (TnBP), tripentyl
phosphate (TPEP), tris(2-butoxyethyl) phosphate (TBOEP), and tris(2ethylhexyl) phosphate (TEHP)], and eight aryl phosphates [triphenyl
phosphate (TPHP), 2-ethylhexyl diphenyl phosphate (EHDP), trio-tolyl phosphate (TOTP), tri-m-tolyl phosphate (TMTP), tri-p-toyl
phosphate (TPTP), tris(2-isopropylphenyl) phosphate (TIPPP), tris(3,5dimethylphenyl) phosphate (TDMPP), and tris(4-tert-butylphenyl)
phosphate (TBPP)]. In the particle phase, the most abundant OPEs are
the halogenated phosphates TDBPP, TCEP, and TCIPP along with the
organophosphate esters TBOEP and TnBP. Preliminary spatial analysis
shows higher total OPE concentrations in the particle phase at urban
sites (Chicago and Cleveland) compared to remote sites (Eagle Harbor,
Sleeping Bear Dunes, and Sturgeon Point).
WP175 Organophosphate flame retardants in the Canadian Arctic
L.M. Jantunen, Environment Canada; F. Wong, Stockholm Univ / ITM;
T.F. Bidleman, Umea Univ / Chemistry; M. Pucko, Univ of Manitoba; H.
Hung, Environment Canada / Air Quality Processes Research Section; G.
Stern, Fisheries and Oceans Canada
Organophosphate (OPs) flame retardants and plasticizers are receiving
increased attention due to their high levels in indoor air and dust and
presence in remote locations including the Arctic. The widespread global
distribution of OPs is believed to arrive through various mechanisms
including oceanic transport and air transport of fine particles. Air and
water samples were collected between 2007-2013 as part of ArcticNet
and the Northern Contaminants Program in the Canadian Archipelago.
Samples were mainly taken from on board the CCGS Amundsen but
also at Resolute Bay in the lower arctic and Alert in the high arctic. OPs
most frequently detected in the arctic were tri-phenyl phosphate (TPhP),
tris(2-chloroethyl) phosphate (TCEP), tris(2-chloroisopropyl) phosphate
(TCPP), tris(1,3-dichloro-2-propyl) phosphate (TDCPP) and ethylhexyl diphenyl phosphate (EHDPP). Levels were very high in arctic air
and water compared to organochlorine pesticides, current use pesticides
and other flame retardants including PBDEs.
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WP176 Assessment of Spatial and Temporal Distribution of CurrentUse Organophosphate Esters in Houston, Texas
A. Clark, Baylor Univ / Dept of Chemistry and Biochemistry; S. Yoon,
Baylor Univ / Environmental Science; R.J. Sheesley, S. Usenko, Baylor Univ
Organophosphate esters (OPE), an emerging class of compounds that
includes plasticizers and flame retardants and have seen a significant
increase in use over the past decade. While many studies are emerging
assessing OPEs in indoor environments, the amount of data for atmospheric particulate matter is limited. In a 2012 Great Lakes study by
Salamova et. al. (2013), Midwest urban areas (Chicago, IL; Cleveland,
OH) reported chlorinated OPE congener (flame retardants) concentrations ranging from 790 – 1400 pg m-3, while the non-chlorinated OPE
congeners (plasticizers) were reported at lower levels (750 pg m-3). The
overall profile of these urban areas was dominated by three chlorinated
congeners, while the non-chlorinated OPEs were dominated by two
congeners, but still less than the chlorinated OPEs. In September 2013,
nearly 300 atmospheric particular matter samples were collected during
the month-long sampling campaign at four different locations in the
Houston, TX metropolitan area. Preliminary data shows that profiles
of chlorinated and non-chlorinated OPE congeners are similar between
the downtown Houston site and urban areas from the Great Lakes study,
however the three sites downwind and upwind of downtown Houston
were dominated by the non-chlorinated congeners. This change in profiles was also observed in remote locations examined in the Great Lakes
study, as well as an Arctic study conducted by Salamova et. al. (2014). In
the current study, this change in OPE profile was identified in multiple
downwind sites ranging from 25-74 km. Additionally, size fraction
(TSP and PM2.5) examined influenced profile observed. Preliminary
atmospheric particulate matter concentrations of both chlorinated and
non-chlorinated OPE congeners are similar to those previously reported,
with chlorinated congeners averaging approximately 1000 pg m-3 and
non-chlorinated congeners averaging approximately 2700 pg m-3,
depending on sample site and size fraction examined.
WP177 Organophosphorus Flame Retardants in influent, effluent
and biosolids in Canadian Wastewater Treatment Plants
A.O. De Silva, Environment Canada; D.C. Muir, Environment Canada
/ Aquatic Contaminants Research Division; C.H. Marvin, Environment
Canada; S. Smyth, C. Spencer, Environment Canada / Water Science
Technology Directorate; T.E. Peart, Environment Canada
Recent usage of organophosphate flame retardants (OPFRs) has
increased, however, wastewater measurements has been limited to only
a few OPFRs. In this study, wastewater influent, effluent, and biosolids
(where possible) were sampled from 9 municipal wastewater treatment plants (WWTPs) across Canada. Samples were collected using
composite sampling techniques. Wastewater treatment types included
facultative and aerated lagoons, chemically-assisted primary treatment, secondary aerobic biological treatment, and advanced biological
nutrient removal treatment. Grab samples of wastewater biosolids were
collected from 7 WWTPs for 3 consecutive days during both warm
and cold seasons. Nineteen OPFRs were measured in these samples.
Extraction of liquid samples was by solid phase extraction and biosolids
by ultrasonication. Nine isotopically labeled OPFR surrogates were used
to correct for recovery and matrix. All extracts were analyzed by liquid
chromatography – tandem mass spectrometry using electrospray positive
mode ionization. Method detection limits were typically low ng/L levels
with the exception of tri(2-chloroisopropyl) phosphate (TCPP) and
tri(2-butoxyethyl) phosphate (TBEP), which had ~30 ng/L detection
limits due to high background in blanks. Extraction efficiency was >85%
based on spike and recovery with the exception of two lower molecular
weight OPFRs. In influent, TBEP was high with a mean of 1100 ng/L
(range 2800-31000 ng/L) followed by TCPP with a mean of 1100 ng/L
(range 740-1500 ng/L). Also pronounced was TEP (230 ng/L, 14-1500
ng/L), TCEP (370 ng/L, 130-900 ng/L), triphenylphosphate (260 ng/L,
80-750 ng/L TPP), and TDCPP (290 ng/L, 94-640 ng/L). In effluent,
TBEP was at lower concentrations, mean 5200 ng/L (102-12000 ng/L).
Some OPFRs had comparable concentrations in effluent and influent.
For example, in effluent, we measured TCPP (1200 ng/L, 640-2400
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ng/L), TCEP (440 ng/L, 100-1100 ng/L), TDCPP (250 ng/L, 92-430
ng/L), TEP (200 ng/L, 6-1600 ng/L). Twelve biosolids were analyzed
and indicated high levels of TBEP (6400 ng/g dw, 1600-24000 ng/g),
358 ng/g TCPP (83-1100 ng/g), 360 ng/g TPP (43-1400 ng/g), 120 ng/g
TDCPP (66-230 ng/g). Some OPFRs which were low in liquid samples
were significant in biosolids: 2-ethylhexyldiphenyl phosphate (540 ng/g
EHDPP, 38-1000 ng/g) and tris (2-ethylhexyl)phosphate (310 ng/g
TEHP, 170-520 ng/g).
WP178 From clothing to laundry water: Investigating the fate of
chemicals of concern sorbed to fabrics
A. Saini, Univ of Toronto / Dept of Physical and Environmental Sciences;
C. Thaysen, Univ of Toronto; M.L. Diamond, Univ of Toronto / Dept of
Earth Sciences; L.M. Jantunen, Environment Canada; R. McQueen, Univ
of Alberta
Our indoor environment contains large inventory of products that contain semi-volatile chemicals of concern (COC) such as flame retardants
and plasticizers. Over time, these chemicals, which are added but not
chemically bonded to polymers, are released from those products and
accumulate in the various media within the indoor environment such as
dust and fabrics. We report on first, the partitioning from air-to-fabric
and then the loss of chemicals sorbed onto fabrics through laundering.
Analytes of interest were organophosphorus (OPFRs) and brominated
flame retardants (BFRs) and phthalates. Cotton and polyester fabrics
were deployed in an office at University of Toronto for 30 days followed
by their laundering and analysis by GC-MS to compare total mass
sorbed, mass released in laundry water, and mass remaining on fabrics
after laundering and drying. Results showed that fabrics accumulated
all analytes tested. More than >70% of sorbed OPFRs, such as TCEP
and TCPP, were lost from fabric to laundry water whereas this value
was < 20% for BFRs. Rather, BFRs remained sorbed to fabrics after
laundry and drying. These results are interpreted in terms of chemical
fate indoors and outdoors. The results can explain, in part, the source of
elevated concentrations of OPFRs in waste water streams and eventually receiving surface water bodies (e.g., Schreder et al. 2014). Thus, our
clothing (or fabrics) can act as a pathway for ecosystem exposure and/or
transfer of COCs from indoors to outdoors.
WP179 Baby Product Ownership and Infant’s Exposure to Tris(1,3dichloro-2-propyl)phosphate (TDCIPP)
K. Hoffman, C.M. Butt, A. Chen, Duke Univ / Nicholas School of the
Environment; A. Limkakeng, Duke Univ / Dept of Surgery; H.M.
Stapleton, Duke Univ / Nicholas School of the Environment
Organophosphate compounds are commonly used as flame retardants in
consumer products. Previous research demonstrated that infant products
which contain polyurethane foam commonly contain tris(1,3-dichloro2-propyl)phosphate (TDCIPP) and triphenyl phosphate (TPHP). Due
to their use in infant products, young children may have higher levels of
exposure to these compounds than adults, yet little is known about the
levels of exposure experienced by infants, or the behavioral and environmental factors contributing to exposure. We investigated exposure
to TDCIPP and TPP in a cohort of 43 infants (age 2 to 18 months),
recruited from central North Carolina in 2014-2015. Questionnaire data
was collected to obtain information on potential sources and modifiers of
exposure (e.g., hand washing, eating with fingers). Parents also reported
the number of infant products that they owned from a list of 20 common products (e.g., car seat, nursing pillow, infant swing). Urine samples
were collected from infants and urinary metabolites of TDCIPP and
TPHP [bis(1,3-dichloro-2-propyl) phosphate (BDCIPP), and diphenyl
phosphate (DPHP), respectively] were measured using liquid chromatography-tandem mass spectrometry. BDCIPP was detected in urine
samples from all infants and DPHP was detected in the vast majority of
samples (40 of 43). Although we did not observe a clear trend with age
within our cohort, BDCIPP levels were substantially higher than those
which we have reported previously for adults (geometric mean of 6.8 ng/
mL corrected for specific gravity; range from 0.8 to 544). The number of
products that parents reported owning was strongly associated with urinary BDCIPP; children living in homes with 17 or more infant products
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had urinary BDCIPP levels that were 6.8 times those of infants living
in homes with fewer than 13 products (p=0.02). Our results also suggest
that infants attending early childhood education centers have higher
BDCIPP levels (3.7 times those of other children; p=0.07). Unlike
previous studies of other flame retardants, BDCIPP was not related to
hand washing frequency, suggesting that it may differ from other flame
retardants with respect to exposure sources and pathways, although hand
washing was uncommon in our cohort. DPHP levels were not related
to the number of products owned, the microenvironment children spent
time in, or the behavioral factors we investigated.

Aquatic Toxicology and Ecology General –
Part 3
WP180 A Refined Multi-Site Model to Estimate the Toxicity of
PAH-Contaminated Sediments at MGP Sites
M.W. Kierski, Exponent, Inc. / Ecological and Biological Services Practice; S.
Kane Driscoll, Exponent, Inc.; C. Menzie, Exponent, Inc.; A.M. Morrison,
Exponent, Inc. / EcoSciences
Many manufactured gas plant (MGP) sites have left a legacy of polycyclic aromatic hydrocarbon (PAH)–contaminated sediments in adjacent
waterways. A refined multi-site sediment toxicity model was developed
to predict the risk-based thresholds based on total PAH concentration in sediment. This refined model builds on earlier work completed
on a smaller, less robust data set. The current model was based on data
collected at four MGP sites in the Midwest. At one of these four sites,
measurement of porewater PAH concentrations by solid-phase microextraction (SPME) methods was performed to evaluate the bioavailability
of the PAHs. At each site, the toxicity of PAH-contaminated sediments
to benthic invertebrates was evaluated using (1) laboratory-based sediment
toxicity test results for Hyalella azteca, and (2) predictions of toxicity using
the US Environmental Protection Agency’s equilibrium partitioning
sediment benchmark (ESB) method. Site-specific, toxicity-based concentration thresholds for total PAHs (based on 13 or 34 analytes) varied
considerably among the three sites (i.e., 45 mg/kg to 251 mg/kg total
PAHs). To evaluate whether the variability in these threshold concentrations was a function of sediment characteristics, the data for all four sites
were analyzed collectively. Total PAH concentrations were normalized
based on total organic carbon (TOC) content, black carbon content, a
combination of TOC and black carbon, or with the ESB method to evaluate the consistency of PAH thresholds. Receiver operating characteristic
(ROC) curve analysis was used to determine whether each indicator (e.g.,
TOC-normalized total 13-PAH concentrations, ESB values, etc.) was a
good predictor of sediment toxicity and to develop multi-site thresholds
based on toxicity tests and ESB values. All indicators investigated were
good predictors of survival, and very few adverse impacts on growth
were observed. Thresholds estimated using the concentrations of total
13-PAH or total 34-PAH (and the normalized equivalents) were equally
good indicators of toxicity. Thresholds predicted using the multi-site data
set were compared with thresholds calculated for individual sites. This
modeling effort demonstrated that ROC analysis of normalized data from
multiple sites can be used to develop sediment toxicity thresholds that are
often higher than traditional sediment quality benchmarks, but still are
protective of aquatic organisms.
WP181 Acute and chronic toxicity of select neonicotinoids to aquatic
invertebrates
M. Raby, Univ of Guelph / School of Environmental Sciences; D.G. Poirier,
Ontario Ministry of the Environment / Laboratory Services Branch; P.K.
Sibley, Univ of Guelph / School of Environmental Sciences
Neonicotinoids are a group of water-soluble insecticides used to control
insect pests on a variety of field crops. Field-applied neonicotinoids
enter receiving waters through run-off, tile drainage, and spills, and
have the potential to impact non-target aquatic invertebrates. Here we
present data on the acute and chronic toxicity of six neonicotinoids:
imidacloprid, clothianidin, thiamethoxam, thiacloprid, dinotefuran,

and acetamiprid toward several aquatic invertebrates. Acute toxicity
tests were conducted to establish the relative sensitivity of a diverse set
of field-collected (Aedes larvae, Corixidae, damselfly nymphs, Caenis
nymphs) and laboratory-cultured (Lumbriculus variegatus, Hyalella
azteca, Chironomus dilutus, Hexagenia sp., Neocloeon triangulifer) species,
some of which have not been previously tested. Results indicate that
field-collected damselfies were least sensitive, with 96-hour LC50s from
7 – 27 mg/L. Aedes, Caenis, and Corixidae were relatively more sensitive to some of the neonicotinoids, with 48 and 96-hour LC50s ranging
from 20 – 2000 µg/L. Comparatively, laboratory-cultured H. azteca, L.
variegatus, and C. dilutus 96-hour LC50s ranged from < 10 – 1000 µg/L
for three of the six neonicotinoids. Since neonicotinoids show a high
affinity for nicotinic acetylcholine receptors (nAchRs), low-level, chronic
exposure to aquatic insects is of particular concern. We will also present
results of chronic (>21 days) growth and reproduction studies for select
neonicotinoids for three sensitive species: H. azteca, C. dilutus, and N.
triangulifer, a parthenogenic mayfly. This study is in partnership with
the Ontario Ministry of Environment and Climate Change, and the
data will help complete the dataset required to derive Canadian Water
Quality Guidelines for Aquatic Life Protection.
WP182 An Effect Evaluation of Herbicides on Aquatic Communities
R.E. Connon, Univ of California, Davis / School of Veterinary Medicine; S.
Lawler, Univ of California Davis / Entomology and Nematology; S. Fong,
State and Federal Contractors Water Agency; J. Geist, Technische Universität
München / Aquatic Systems Biology Unit; S. Hasenbein, Univ of California
Davis / School of Veterinary Medicine Anatomy Physiology and Cell Biology
Herbicides, used in both agricultural and urban areas, are detected
in aquatic ecosystems at concentrations that are potentially toxic to
phytoplankton. Furthermore, herbicides are directly applied to control
invasive aquatic vegetation. Consequently, there is increasing concern over direct effects on primary production, and indirect effects on
zooplankton and other aquatic invertebrates. We evaluated the effects of
two commonly applied herbicides; diuron and hexazinone on the algal
species Pseudokirchneriella subcapitata as well as on naturally developed
invertebrate communities. We first conducted laboratory exposures on
P. subcapitata to determine effective concentrations for the herbicides,
applied both individually and in mixtures, over 96h. We then assessed
effects of environmentally relevant concentrations, as well as toxic concentrations determined in the above study, over a period of four months
in outdoor mesocosms. Chlorophyll-α, phytoplankton, zooplankton
and macroinvertebrate abundances were monitored. Environmentally
relevant concentrations caused a significant decrease in growth of P. subcapitata in both single and mixture exposures. Compared to the response
in the single exposures, binary mixtures of diuron and hexazinone
affected P. subcapitata in a more than additive manner during the 96h
laboratory exposure. The assessed EC10, EC50, and EC90 were 1.64
µg/L, 5.46 µ/L, and 18.2 µg/L for diuron, 0.74 µg/L, 1.81 µg/L, and
4.45 µg/L for hexazinone, and 0.20 TU, 0.83 TU, and 2.04 TU for the
binary mixture, respectively. In the mesocosm study, D. magna was the
most sensitive zooplankton species, followed by the order of copepods.
Chlorophyll-α, an indicator of overall algal biomass, was significantly
different to the control on several consecutive days at environmentally
relevant concentrations, associated with a negative trend in the abundance of aquatic invertebrates. We present information on the impact
of herbicide mixtures to both algal and aquatic invertebrate communities, as well as their interactions as important components of food web
dynamics in aquatic ecosystems.
WP183 Antibiotics and Antibiotic Resistance in Minnesota Surface
Waters
M.A. Andreone, M.E. Moffatt, J.M. Kapla, E.W. Beck, Univ of St. Thomas
/ Dept of Chemistry; C. Haines, T.M. LaPara, Univ of Minnesota / Dept of
Civil Environmental and GeoEngineering; D.R. Stoll, Gustavus Adolphus
College / Dept of Chemistry; K.H. Wammer, Univ of St. Thomas / Dept of
Chemistry
While the environmental occurrence of antibiotics has spurred interest
both in the research community and the public realm, major gaps still
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remain in our knowledge about the importance and potential impacts of
antibiotics in surface waters. The goal of Phase I of this project was to
evaluate the relative importance of antibiotic concentrations and antibiotic resistance levels from agricultural and treated municipal wastewater
sources to a river ecosystem. Sampling trips were conducted over a
two-year period, varying seasonally and with rainfall events. This stage
of the study focused on four major classes of antibiotics: tetracyclines,
sulfonamides, macrolides, and fluoroquinolones. Ten total sample sites
were studied, including drainage ditches (almost exclusively impacted by
agricultural runoff) wastewater treatment plants (influent, effluent, and
outfall), and surface waters with mixed impacts. Antibiotic concentrations were quantified using LC-MS/MS with online SPE. Cultivable
bacteria resistant to each class of antibiotic were quantified on antibioticamended solid media. Quantitative polymerase chain reaction (qPCR)
was used to quantify six resistance genes in addition to a Class I integron.
Results from this phase of the study suggest that municipal wastewater
inputs are consistently by far the most significant source of antibiotics
and antibiotic resistance genes to the river in this study. In addition,
more than 300 bacterial strains were isolated using tetracycline-amended
solid media. PCR confirmed that bacteria in treated wastewater were
likely to harbor a class 1 integron (102 of 124 isolates) whereas none of
the bacteria isolated from the river harbored a class 1 integron (~250
strains). Phase II of this study applied the same methods to samples
obtained from a portion of a river used as a drinking water source, in
addition to tap water samples, again over a two-year period. Based on the
results of Phase I, antibiotics used for human medicine were targeted for
this portion of the study, in particular members of the beta-lactamase,
dihydrofolate reductase inhibitor, fluoroquinolone, sulfonamide, and
macrolide classes. To date, no significant antibiotic concentrations or
elevated levels of antibiotic resistance have been measured in drinking
water sources or tap water samples in this study area.
WP184 Approaches for Assessing Ecological Hazard of
Perfluorinated Chemicals in the USEPA TSCA New Chemicals
Program
J.S. Gallagher, A. Kim, USEPA / Office of Pollution Prevention and Toxics;
L. Libelo, USEPA / OPPT RAD; J.M. Ford, USEPA / Office of Pollution
Prevention and Toxics; J. Roberts, USEPA / Office of Pollution Prevention
and Toxics
Perfluorinated chemicals (PFCs) have been found in environmental
media, humans, and in a variety of animals and aquatic organisms
around the globe. They are stable and bioaccumulative, and have been
studied for many years. Due to their distinctive chemistry (i.e., stable
with hydrophobic (water-repelling) and oleophobic (oil-repelling)
properties), they are widely used in products that repel water, grease,
and oil. PFCs consist of thousands of per- and poly-fluorinated hydrocarbon compounds ranging from small, simple molecules, to oligomers,
to very large complex polymers. They may be linear, branched, cyclic,
or other structures, and vary in chain length from 2 or 3 and up to > 40
carbons. Over the past 15 years, USEPA’s Office of Pollution Prevention
and Toxics (OPPT) has received more than 700 PFCs (about 5% of all
new chemicals submitted to the New Chemicals Program). USEPA’s
OPPT staff evaluate, on average, about 40-50 new PFC submissions
per year. For the vast majority of submitted PFCs, little or no ecotoxicological information (< 10%) is provided, which present challenges
to the New Chemicals Program risk assessment process. Due to their
unconventional physical-chemical properties, it is generally not appropriate to use traditional ecological assessment models and methods (i.e.,
EcoSAR—based on log Kow) to predict ecotoxicity hazard assessments.
Currently, USEPA ecological risk assessors use submitted test data when
they are available and acceptable to assess the potential ecological hazard
of PFCs. When test data are not submitted, analogs, as well as weightof-evidence approaches (i.e., considering exposure pathways, potential
uses, releases, etc.), are used to assess the potential ecological hazard of
PFCs. For assessors, it also important to consider possible environmental
degradation products when evaluating the ecotoxicity hazard of PFCs.
This poster presentation will discuss our current ecotoxicological hazard
assessment process, information from the open literature and submitted

368 | SETAC North America 36th Annual Meeting

in new chemical pre-manufacture notices, and their use in evaluating
PFCs assessment approaches. Disclaimer: The views in this abstract are
those of the authors and do not represent USEPA policy or endorsement.
WP185 Assessing the Effects of Sediment Aging During Chronic
Hydrophobic Organic Compound Toxicity Tests Using L. variegatus
J. Butler, ExxonMobil Biomedical Sciences, Inc / Environmental Toxicology
and Chemistry Laboratory; C. Sutherland, ExxonMobil Biomedical Sciences,
Inc. / Toxicology and Environmental Science; G.E. Bragin, ExxonMobil
Biomedical Sciences, Inc. / Environmental Sciences Division; D. Letinski,
ExxonMobil Biomedical Sciences Inc; A.D. Redman, ExxonMobil
Biomedical Sciences; M. Leon Paumen, ExxonMobil Biomedical Sciences /
ExxonMobil Biomedical Sciences TES Division; T. Parkerton, ExxonMobil
Biomedical Sciences Inc. / Toxicology Environmental Science
Hydrophobic Organic Compounds (HOCs) i.e. most petroleum and
petrochemical products, tend to distribute and adsorb to sediment once
released to the environment. Recent regulations in Europe and China
are requiring sediment toxicity tests for product hazard characterization.
One major challenge is the use of total substance concentration in sediment which does not reflect the fraction that is bioavailable and hence
relevant for risk evaluation. Further, standard test guidelines do not
clearly address equilibration of the substance with the sediment media;
and standard dosing methods do not incorporate time for equilibration, or address the appropriate test concentrations for very hydrophobic
substances needed to demonstrate an acceptable no effect level. Sediment
toxicity testing investigating the effects of sediment conditioning and
test material equilibration (aging) on L. variegatus has been performed
using HOCs ranging in logKOW of 5.1 - >10. Results indicate sediment which has not been conditioned/aged properly elicits inconsistent
and irreproducible results. Conversely, proper conditioning/aging leads
to consistent and reproducible data with less variability. The contrasting
results demonstrate a need to allow for proper sediment conditioning and
partitioning ensuring generation of data that facilitate sound environmental assessment of hydrophobic chemical substances.
WP186 Assessment of the toxicity and bioaccumulation of sediment-derived substituted phenylamine antioxidants in freshwater
invertebrates
R.S. Prosser, Environment Canada / Canada Centre for Inland Waters; D.J.
Milani, Environment Canada / National Water Research Inst; A.J. Bartlett,
Environment Canada / Aquatic Contaminants Research Division; P.
Gillis, Environment Canada / Aquatic Contaminants Research Division; V.
Balakrishnan, L502 (AEPRD) / Aquatic Contaminants Research Division
Substituted phenylamine antioxidants (SPAs) are produced in relatively
large volumes and incorporated into a variety of consumer products,
e.g., polymers, lubricants, dyes, and adhesives. Based on their physical
and chemical properties, SPAs could be potentially persistent, bioaccumulative and/or toxic, consequently, the Government of Canada is
assessing this class of compounds under the Chemicals Management
Plan for potential risks to the environment. The current study assessed
the toxicity of four SPAs (diphenylamine, N-phenyl-1-naphthylamine,
N-(1,3-dimethylbutyl)-N’-phenyl-1,4-phenylenediamine, and 4,4’-methylene-bis[N-sec-butylaniline]) to three species of freshwater invertebrates
(Tubifex tubifex (oligochaete worm), Hyalella azteca (amphipod), and
juvenile and adult Lampsilis siliquoidea (freshwater mussel)). Invertebrates
were exposed to sediments artificially contaminated with individual SPAs
for 28 days in aerated (static) vessels with a 3.5:1 water-to-sediment ratio.
Mortality was assessed along with the following sub-lethal species-specific endpoints: reproduction (i.e., production of cocoons and juveniles),
production of biomass, and rate of feeding for T. tubifex, H. azteca, and
juvenile L. siliquoidea, respectively. In addition, reactive oxygen species, total glutathione, and lipid peroxidation in gill, digestive gland,
and gonad of SPA-exposed adult mussels were measured to determine
whether exposure to SPAs caused oxidative stress; bioaccumulation was
also assessed in these tissues. A separate set of experiments was conducted
to assess bioaccumulation in T. tubifex. Worms were exposed to sediment
containing sub-lethal concentrations of each SPA for 28 days. Preliminary
data analysis based on nominal concentrations shows that LC/EC50
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values for all endpoints in the three species were >100 µg/g sediment dry
weight for all four SPAs examined. Analysis of tissue and sediment is
ongoing; calculation of biota-sediment bioaccumulation factors will provide information on the bioavailability of SPAs to aquatic invertebrates.
The results of this study will support environmental risk assessment
activities to determine if SPAs could impact freshwater ecosystems.
WP187 Bioturbation and Behavior of Lepidophthalmus louisianensis in
Response to the Presence of Crude Oil
A. Kascak, P.L. Klerks, University of Louisiana at Lafayette / Dept of
Biology
The ghost shrimp (Lepidophthalmus louisianensis) is common along the
Northern coast of the Gulf of Mexico. It is abundant (up to 450 individuals/m2), makes deep burrows (up to 3m), is an important bioturbator, and
alters environmental characteristics such as sediment redox. Because of its
importance to the coastal environment affected by the Deepwater Horizon
oil spill, we are studying both the effect of the oil on the shrimp’s activity
and their avoidance of, and escape from, oiled areas. First, bioturbation
experiments will assess the effect of oil on the activity of shrimp placed
in PVC tubes filled with sieved sediment and both oil and luminophores
placed at the top. Bioturbation will be quantified on the basis of the mixing of the luminophores into the sediment core. Cores will be sectioned
after 1 and 3 weeks. Luminophores will be quantified in triplicate 0.25g
samples for each section. Bioturbation rates will be compared among
treatments and time points. Observations made during initial bioturbation experiments indicated that ghost shrimp escaped heavily oiled tubes.
Further experiments will be performed to assess whether ghost shrimp
avoid heavily oiled areas during initial settlement and whether they will
abandon their burrows if the sediment gets oiled.
WP188 Chironomus riparius: A tool for studying the ecological effects
of “inert” safeners
K. Bolyard, S. Gresens, Towson Univ / Biology
The environmental effects of safeners, chemicals that protect crops from
herbicide toxicity, are largely unknown. Safeners are considered inert
ingredients added to many major classes of herbicides. Under controlled
anaerobic conditions in the laboratory, dichloroacetamide safeners can
degrade into potentially toxic byproducts. This project will determine
whether the dichloroacetamide safener benoxacor, a degradation product
of benoxacor (mono-chlorinated benoxacor), a typically paired active
ingredient, S-metolachlor, and a simulated formulation (a mixture of
S-metolachlor and benoxacor) lead to toxic effects on sediment-burrowing larvae of Chironomus riparius. I will modify a standard method for
measuring sediment toxicity employing C. riparius, by using natural,
iron-rich sediment modified with a high organic matter concentration, in lieu of a kaolin-based, laboratory standard sediment, as well
as by measuring adult midge biomass as one of a few possible toxicity
end-points. The density of C. riparius is predicted to alter the distribution and temporal concentrations of these chemicals between sediment,
pore-water, and the water column, and therefore the bioavailability of
these chemicals to other aquatic organisms. The possible impact of light,
as well as of the microbial community in the experimental sediment,
on the distribution and temporal concentrations on all or some of these
chemicals, will also be assessed.
WP189 Comparative Evaluation of the Efficacy of Leptocheirus plumulosus Acute and Chronic Sublethal Test
D.D. Farrar, US Army ERDC / Environmental Laboratory; J. Steevens,
US Army Engineer Research and Development Center / Environmental
Laboratory; J.J. Cura, Woods Hole Group / Risk Assessor; C. Prabhu, Louis
Berger Group, Inc.; E. Mahoney, New York City Dept of Environmental
Protection
Chronic sublethal tests are expected to be more sensitive indicators of the
detrimental effects of low to moderate levels of contamination due to the
longer exposure duration and the measurement of sublethal responses
such as growth and reproduction. Due to the potential differences in the
ability of test methods to detect low to moderate levels of contamination,

the selection of a test method can have profound implications in the
sediment management decision making process. The typically higher
sensitivity of sublethal tests has been demonstrated for freshwater
toxicity tests but has not been sufficiently demonstrated for marine/
estuarine tests. Because the cost associated with conducting chronic tests
is substantially higher compared to acute evaluations, understanding the
level of information gained from a chronic evaluation relative to an acute
evaluation is important. To evaluate the use of chronic sublethal sediment
tests as indicators of detrimental environmental effects in comparison
to acute tests, 63 field-collected sediments predominantly containing
petroleum hydrocarbons as a contaminant were evaluated. The field
collected sediments were evaluated in 5 concurrently conducted 10-d
and 28-d Leptocheirus plumulosus tests following guidance contained in
standard acute and chronic sublethal test methods. Results demonstrate
that chronic sublethal tests are not consistently more responsive to effects
elicited by contaminated sediments. The varying levels of responsiveness
observed between the acute and chronic test methods is likely due in part
to differences in how the tests are conducted (i.e., differences in feeding
regime, light/dark cycles and water exchange frequency). When selecting a test method, careful consideration should be given to the relative
responsiveness of the species to the contaminant of concern and the selection should be evaluated in light of the goals of the research project.
WP190 Comparative responses of freshwater organisms to commercial naphthenic acid exposures
C.M. Kinley, Clemson Univ / School of Agricultural Forestry and
Environmental Sciences; J.H. Rodgers, Clemson Univ / Dept of Forestry and
Environmental Conservation
Naphthenic acids (NAs) are a source of toxicity in petroleum effluents,
which limits reuse and discharge capabilities. Since NAs consist of
thousands of compounds, analytical quantification alone may not provide
predictive capabilities for risk to biota in receiving systems. Therefore,
toxicity data for aquatic organisms correlated with analytical quantification are needed. Commercially available NAs are relatively stable, and
are more likely to produce repeatable exposures than NAs in petroleum
effluents, as concentrations and forms of NAs in effluents are a function
of extraction process used and extent of recycling. The overall objective of
this study was to compare responses of freshwater aquatic organisms (in
terms of acute toxicity) to exposures of commercially prepared naphthenic
acid extract. To achieve this overall objective, specific objectives were to 1)
measure responses of a vertebrate: fathead minnow (Pimephales promelas),
invertebrates: microcrustacean (Ceriodaphnia dubia), amphipod (Hyalella
azteca), and midge (Chironomus dilutus) in terms of mortality and a macrophyte: common cattail (Typha latifolia)in terms of early seedling root and
shoot growth to 7-d exposures of commercial NAs, and 2) compare the
estimated 7-d lowest observed effect concentrations (LOECs), LC50s for
animal species, and EC50 for T. latifolia. 7-d static non-renewal toxicity
tests were conducted to compare acute toxicity of commercial naphthenic
acids (alkylated cyclopentane mixture; Sigma-Aldrich®). Exposures were
confirmed using high performance liquid chromatography. 7-d LC50s/
EC50 ranged from 1.9-56.2 mg/L for the species evaluated. The most
sensitive species was P. promelas (7-d LC50=1.9 mg/L; 7-d LOEC=1.2
mg/L in terms of mortality)and the least sensitive species was T. latifolia
(7-d EC50=56.2 mg/L; 7-d LOEC=49.8 mg/L in terms of seedling
root growth). Results from this comparative toxicity study can provide
guidance for monitoring (selection of sensitive sentinel species) and measurements of treatment performance for risk mitigation (achieving toxicity
goals) for waters or complex mixtures containing NAs.
WP191 Comparing experimental designs and statistical analyses to
estimate critical thresholds in Ecotoxicology
M. Krull, Virginia Inst of Marine Science, College of William and Mary
/ Aquatic Health Sciences; M.C. Newman, College of William & Mary VIMS / Aquatic Health Sciences
Critical thresholds can be defined as the point where small changes in an
environmental variable produce an abrupt change in a biological response.
For many years, precise estimation of these thresholds in ecotoxicological data was impractical or unreliable. With computational advances,

SETAC North America 36th Annual Meeting | 369

WEDNESDAY POSTER ABSTRACTS
different statistical methods have been developed and applied in other
fields, such as ecology, and are now being used by ecotoxicologists. This
study evaluates which statistical method and experimental design is most
accurate and precise to estimate critical thresholds in Ecotoxicology using
simulated data. Curves with different shapes (i.e., shallow, intermediate and steep slopes) and background mortality (i.e., low, moderate and
high) were generated using a non-linear model that assumes a binomial
distribution with a threshold parameter. Data were generated to simulate
the exposure of 10 organisms per experimental unit to an effluent. Two
different designs were used; (i) categorical, 5 concentrations with 3 replicates per concentration (i.e., 100%, 50%, 25%, 12.5% and 6.25%), and
(ii) continuous, with the same sampling size (n=15), but without replicates
at the same treatment. These concentrations were equally spaced in the
log scale from 100% to 3.94%. For each type of curve and design, 1000
simulations were generated. The threshold was estimated using 5 different statistical methods: maximum likelihood estimate of the threshold
parameter, piecewise regression, receiver operating characteristic (ROC)
curves, changepoint and cumsum analysis. Precision was estimated using
the coefficient of variation and accuracy using the root mean square error.
The EC 5, 10 and 50 were also estimated for each curve by fitting logistic
models. Regarding the ECx, the continuous design was generally similar
or more precise and accurate than the categorical design, except for the
steep curves. However, in all of the evaluated curves, the standard errors
of the estimated ECx were 2 to 4 times higher in the categorical design.
As expected, threshold estimates for shallow and intermediate curves
were less precise and accurate compared to those for steep curves. Overall,
most methods tended to overestimate the threshold. The most accurate
analyses were as follow: piecewise regression, maximum likelihood estimate, changepoint, ROC curves and cumsum analysis. The continuous
design was more accurate indicating that this design should be used when
trying to estimate thresholds in ecotoxicology.
WP192 Comprehensive review of ecological injury from legacy
contaminants for Natural Resource Damage Assessments:
Polychlorinated biphenyl (PCB) case study
J.P. Berninger, USGS / CERC, Biochemistry/Physiology; D.E. Tillitt,
USGS / Columbia Environmental Research Center
Virtually all Natural Resource Damage Assessment and Restoration
(NRDAR) cases require a search of the relevant literature to establish the
scientific weight of evidence that supports claims of injury to wildlife. In
the past, these literature reviews were done on a case-by-case basis, and
often limited in scope. As many of these cases revolve around the same
“legacy” contaminants, for example polychlorinated biphenyls (PCB),
metals, and petroleum-sourced hydrocarbons, the NRDA review process
may be better served by a single updateable, comprehensive scientific
review. This review would include all the relevant scientific information
as it relates to injury, as defined by the Code of Federal Regulations 43
Part 11, and guidance on the application and judicious use of the scientific information with specific NRDA cases. As an initial step into this
process, we conducted a comprehensive scientific review of the PCB literature as it relates to injury in fish and birds. Each study included in the
review was vetted based on a set of acceptability criteria. Most important
among these for PCBs was that tissue PCB concentrations must be
included or estimated through accepted conversion of dietary or injection
study exposures. At the core of this review were studies that directly tied
to what has been defined as injury through the NRDA process, specifically adverse effects of PCBs on survival, development, growth, and
reproduction. Other studies, including immunological and molecular
studies were also included when they met both acceptability criteria and
weight of evidence supported connection to established injurious effects.
Endpoint concentrations were used to establish critical effects thresholds
at multiple levels of biological organization (organism, tissue, cellular,
and molecular). As part of the application of this legacy document to
NRDA assessments, connections between laboratory derived PCB
thresholds and field studies from the literature were evaluated. In addition, information and guidance were provided on the application of data
derived from this “legacy document” to NRDAR cases.
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WP193 Dioxin-like activity in hornyhead turbot diet-derived exposed
to polluted sediments from Palo Verdes by bioassay: contribution of
DDT metabolites
G. XU, UC Riverside / Dept of Environmental Sciences; J. Crago, Univ of
Wisconsin-Milwaukee / School of Freshwater Sciences; A. Kupsco, J. Gan, D.
Schlenk, Univ of California Riverside / Dept of Environmental Sciences
Concentrations of DDT metabolites in µg/g have been detected in sediments and hornyhead turbot (Pleuronichtys verticalis) collected from Palos
Verdes (PV) Superfund Site, California, USA. In a previous study, we
found significant bioaccumulation of DDTs in male hornyhead turbot
fed PV-sediment exposed polychaete worms. The goal of this study was
to assess the transfer of dioxin-like activity from sediment to polychaete
to fish, and to investigate if the CYP1A responses in turbot from dietderived laboratory exposures mimic those of field caught turbot. In this
study, adult male turbot collected from the reference site were fed a diet
of polychaete worms (0, 3 and 10g/kg) exposed to PV sediments for
seven days. Bile from turbots was hydrolyzed to expose the parent compounds and extracted with solid phase extraction. DDTs and metabolites
were quantified from sediments and polychaete worm, and fish liver
samples. Acute cytotoxicity of extracts was determined by the MTT
method. A sensitive and accurate in vitro assay (GeneBLAzer CYP1A1bla LS-180) was used to quantify the AhR-mediated activity in the
extracts of sediment, polychaete, and turbot bile samples. Concentrations
of 2,3,7,8-tetrachlorodibenzo-p-dioxin equivalents (TEQs) in PV sediments were significantly higher than those collected from the reference
site. The average TEQs in bile samples of turbot caught from PV were
higher than those caught from reference site but the difference was not
significant. Turbots fed 10g/kg polychaete showed significantly increased
TEQs (3-fold change) as compared to the controls, although no significant difference of TEQs was observed in between PV-sediment-exposed
polychaete and reference polychaete. In conclusion, differential CYP1A
responses in sediment, polychaete and turbot samples were associated
with their DDT metabolite levels. More significant CYP1A response
was recorded in bile from turbot from the seven days diet-derived exposure than those of field caught turbot (NIEHS Grant No: R01ES20921).
WP194 Effect of herbicide surfactant, polyethoxylated tallowamine,
on oviposition and viability of eggs of rams-horn snail, Planorbella
pilsbryi
R.S. Prosser, Environment Canada / Canada Centre for Inland Waters; J.L.
Rodriguez Gil, Univ of Guelph; P.K. Sibley, K.R. Solomon, Univ of Guelph
/ School of Environmental Sciences; D.G. Poirier, Ontario Ministry of the
Environment / Laboratory Services Branch
Polyethoxylated tallow amine (POEA) is a commonly used surfactant
in formulations of the herbicide glyphosate. A number of studies have
shown that, with the exception of primary producers, POEA is more
toxic to aquatic organisms relative to the active ingredient used in the
formulation. The present study examined the effect of POEA exposure
on the rams-horn snail, Planobella pilsbryi, which is a common freshwater
species widely-distributed across North America. The first portion of this
study examined the effect of static exposure of POEA at three different
points in the life stage of the snails (i.e., adult, juvenile, and egg). Adults
or juveniles were exposed to POEA at concentrations up to 21.4 mg
POEA/L for 96 h. Mortality was not observed in concentrations ≤3.0
mg POEA/L. A negative concentration-dependent trend in oviposition
was observed in the test with adults, resulting in an EC50 value of 2.0
mg POEA/L. However, there were no significant differences between
the viability of eggs produced by adults in the 96-h test at concentrations ≤5.1 mg POEA/L and the controls (p >0.05). Exposure of eggs to
POEA at concentration up to 9.9 mg POEA/L showed no effect on the
viability of eggs. The findings of the initial portion of the study suggested that exposure of freshwater snails to environmentally relevant
concentration of POEA may inhibit oviposition but not the viability
of eggs. The second portion of the study examined whether oviposition
would resume if exposure to POEA was removed, which is important to
consider due to the relatively short half-life of POEA in aquatic systems
(t1/2: ~12-20 h). Snails were exposed to POEA for 96 h then removed
to clean water and monitored for 10 d. Oviposition was significantly
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inhibited (p < 0.05) at ≥1.24 mg POEA/L. However, there was no significant difference in oviposition across treatments subsequent to snails
being transferred to water that did not contain POEA.
WP195 Effect of narcotics on membrane-bound mitochondrial processes in fish
L. Vergauwen, Univ of Antwerp / Zebrafishlab Dept Veterinary Sciences;
S.N. Schmidt, Technical Univ of Denmark / Dept of Environmental
Engineering; E.D. Michiels, E. Stinckens, Univ of Antwerp / Zebrafishlab
Dept Veterinary Sciences; W. Maho, Univ of Antwerp / Toxicological Centre
Dept Pharmaceutical Sciences; R. Blust, Univ of Antwerp / Dept of Biology;
A. Covaci, Univ of Antwerp / Toxicological Centre Dept of Pharmaceutical
Sciences; P. Mayer, Technical Univ of Denmark / Dept of Environmental
Engineering; D. Knapen, Univ of Antwerp / Zebrafishlab Dept Veterinary
Sciences
Around 70% of industrial chemicals are hydrophobic compounds which
are assumed to elicit toxicity through narcosis by accumulating in
membranes and disrupting membrane integrity and function. Although
narcosis has been recognized as an important toxicity mechanism for
decades, ecotoxicological research has been mostly limited to the development of quantitative structure activity relations (QSARs) to predict
toxicity, resulting in insufficient understanding of the exact mechanisms
involved. In this study we investigate specific aspects of the mechanism
of narcosis in fish using both alternative in vivo (zebrafish embryo) and
in vitro tests. We applied a passive dosing method to expose zebrafish
embryos up to 5 days post fertilization to linear dilution series of a set of
non-polar narcotics (phenanthrene and three chlorobenzene structure
analogues). In addition to increasing mortality, we observed decreasing
growth, heart rate and motility with increasing exposure concentration of all narcotics, consistent with the general assumption of reduced
cardiorespiratory function. At the cellular level, the cell membrane is
expected to be the first target of narcotics. Since the mitochondrial and
endoplasmic reticulum membrane are known to closely interact with the
cell membrane, we hypothesize that narcotics can be further partitioned into these organelle membranes where they can disrupt essential
membrane-bound processes. The electron transport chain (ETC) is an
example of a crucial mitochondrial membrane-bound process and is
therefore a potential target. We found that in zebrafish embryos ETC
activity was increased at low exposure concentrations, suggesting a
compensatory response, while it decreased when exposure concentrations
reached levels causing reduced motility, heart rate and eventually mortality. The effect of narcotic compounds on ETC activity was confirmed in
vitro: we observed inhibition of the ETC after adding the compounds
directly to a homogenate of control embryos. To further investigate
effects on the energy production system, and to characterize the observed
compensatory response, we are currently measuring the effect of narcotics on ATP synthase activity both in vivo and directly in vitro. Although
narcosis is commonly considered a non-specific mechanism of toxicity
acting by membrane disruption in general, we illustrate how we can
increase our understanding of narcosis by focussing on specific membrane types and membrane-bound processes.
WP196 Estimation of Site-specific PAH Leaching from Creosote
Treated Piles in the Aquatic Environment
A. Blanc, Anchor QEA; E. Appy, E. Pipkin, D. Templeton, Anchor QEA,
LLC
Creosote treated piles in marine and freshwater may leach chemicals
including polycyclic aromatic hydrocarbons (PAH) into the aquatic
environment. Estimating the rate of PAH leaching from creosotetreated piles is relevant for informing decision makers of the magnitude
of potential for the introduction of PAHs to the aquatic environment,
including the sediment, where creosote-treated piles are located. The
available information suggests that multiple site-specific factors, including pile age, pile dimensions, and ambient salinity and temperature
may substantially affect PAH leaching rates. The rates are considered to
decline with piling age, increased salinity and decreased temperature.
Accounting for these factors is therefore central for estimating a PAHleaching rate reflective of site-specific conditions. This work presents

a method for estimating site-specific leaching rates using the PAHmigration equation from the K.M Brooks (1997) model and measured
and estimated input parameters. An average annual per-pile leaching
rate, in units of kg PAH/pile/year was calculated for an example riverine
site in Washington State. The estimated rate incorporates monthly
variations in temperature and salinity and accounts for pile dimensions
and increasing age. Publicly available water quality data was used to
parameterize salinity and temperature inputs and average in-water pile
length was estimated using site dock and pile information and GIS and
bathymetric and LIDAR data. This example with a discussion of uncertainty will demonstrate step-wise how to conservatively parameterize the
adopted model to estimate a site-specific PAH leaching rate, dependent
on local water quality conditions and pile dimension and age.
WP197 Evaluating the toxicity of perfluoroalkyl sulfonates (PFASs)
to a sensitive invertebrate, the mosquito Aedes aegypti
A. Olson, T.R. Bilbo, D. Dawson, T. Anderson, Texas Tech Univ /
Environmental Toxicology; C.J. Salice, Towson Univ / Biological Sciences
Environmental Science
Perfluorinated compounds such as perfluorooctane sulfonate (PFOS)
and perfluorohexane sulfonate (PFHxS) often occur together in the
environment and may pose a risk to ecological systems. Perfluorooctane
sulfonate was used as a flame retardant until it was voluntarily phased
out by the manufacturer in the early 2000’s although it is still commonly
measured in water bodies. It is listed as a contaminant of emerging
concern due to its persistence and potential toxicity. The most sensitive
species to PFOS is a dipteran, Chironomus tentans. To examine toxicity
in another dipteran we tested a number of key life cycle endpoints in the
yellow fever mosquito, Aedes aegypti. Four-hundred and twenty newly
hatched (first instar) mosquitoes were exposed to PFOS continuously
until emergence at one of seven concentrations ranging from 0 to 2000
µg/L. We observed no significant effects for any of our endpoints at
our lowest exposure level, 50 µg/L, but saw many significant changes at
the next highest exposure level, 125 µg/L. For instance, PFOS concentrations of 125 µg/L or greater significantly reduced survival when
compared with the control (0 µg/L). Perfluorooctane sulfonate exposure
also significantly decreased time to emergence for exposure concentrations above 50 µg/L. Mosquito mass at emergence for all concentrations
was positively correlated with time to emergence and mass at emergence
correlates with total adult fecundity. Therefore, mosquito fecundity
should be reduced following exposure to PFOS concentrations at or
above 125 µg/L. Although not as sensitive to PFOS as C. tentans, A.
aegypti is among the more sensitive aquatic species tested. This study
provides additional evidence that insects may be particularly sensitive
to PFOS. Importantly, our field sampling has shown that PFOS often
occurs within a mixture of PFASs. One of those, PFHxS, was measured at concentrations up to 5000 µg/L and at a ratio of approximately
2.5:1 PFHxS:PFOS. To better understand potential risks of PFASs, it
is important to test the toxicity of PFHxS to sensitive organisms such
as A. aegypti with and without the inclusion of PFOS and other PFASs.
Additional studies will focus on exploring the toxicity of common PFAS
mixtures using the A. aegypti model.
WP198 Fluoranthene and Ultra Violet light DNA damage and repair
in Artemia franciscana
M. del Carmen Guzman Martinez, Univ Autonoma Metropolitana /
Hydrobiology; P. Ramirez Romero, UAM Iztapalapa / Hidrobiologia; A.d.
Aguilar, Univ Autonoma Metropolitana Iztapalapa / Health Sciences
Polycyclic aromatic hydrocarbons are a group of substances with a wide
environmental distribution; they can cause oxidative stress and DNA
damage. The risk of these effects increases when exposure is combined with solar UV radiation. The objective of the present work was
to evaluate DNA damage and repair in Artemia franciscana exposed to
fluoranthene. Metanauplii of A. franciscana were used in a sublethal test
where DNA damage was evaluated with the single gel electrophoresis
method (comet assay). Two concentrations of fluoranthene were tested
(24 and 48 µg/L) with 8 replicates of 100 organisms each. Two controls
were prepared: one with sea water only, and another one with acetone.
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Each test was performed twice and and a light control experiment was
also run in darkness at the same time and with the same experimental
design. Exposure to fluoranthene and UV radiation lasted 24 h with a
12:12 photoperiod; then, organisms exposed to fluoranthene from all
concentrations were tested for genotoxicity using a modified version of
Sigh´s method. For the DNA reparation bioassays the organisms exposed
to fluoranthene and UV were transferred to a dark chamber and sampled
four hours later. The length of the comet tail was lower in the organisms exposed in darkness; also, lower DNA damage suggests that repair
systems were activated when organisms were transfer to darkness which
helped them avoid irreparable damage.
WP199 Growth and physiological effects in Ankistrodesmus falcatus
and Microcystis aeruginosa exposed to 2,4-D
E. Martínez Ruiz, Zoology; F. Martinez-Jeronimo, Instituto Politécnico
Nacional / Escuela Nacional de Ciencias Biológicas
In recent years the amount of chemical pollutants discharged to aquatic
environments has increased caused by anthropogenic activities. Aquatic
ecosystems are highly susceptible environments due to the fact that they
act as sink for many toxic pollutants. These toxicants produce acute and
chronic effects in aquatic biota, affecting their growth, reproduction
and survival. Herbicides are widely used for weed control in agriculture.
Their usage is a significant source of aquatic contaminants by spray drift
or runoff; some studies had revealed that just 1% of applied herbicides
reach their target organism, whereas 99% could affect non-target organisms. 2,4-D is an auxin-type herbicide widely used around the world.
Phytoplankton is the main primary producer for all the trophic webs in
aquatic environments, so toxic effects produced at this level are expected
to affect at higher trophic levels. For this reason, it is essential to know
how 2,4-D affects non-target phytoplankters at the biochemical level
and in their population growth. In this study the green microalgae
Ankistrodesmus falcatus andthe toxigenic cyanobacterium Microcystis aeruginosa were exposed to 2,4-D stress so as to compare their responses. Both
microorganisms were individually exposed to different concentrations of
2,4-D for 96 h and 168 h respectively, w/ continuous illumination at 27
°C. Cell density was daily quantified and, at the end of the assay protein,
lipids, carbohydrates and photosynthetic pigments were determined;
for the cyanobacterium phycobiliproteins and cyanotoxins were also
determined. Both phytoplankters were sensitive to high concentrations
of 2,4-D, nevertheless M. aeruginosa was the most sensitive; IC50 values
were 71.20 mg L-1 and 1353.80 µg L-1 respectively. Both increased
the production of pigments and macromolecules directly proportional
to 2,4-D concentration; moreover in M. aeruginosa concentration of
phycobiliproteins and microcystins increased in the same way. This study
showed that the microalga was tolerant to concentrations of 2,4-D that
are not toxicologically or environmentally relevant. However M. aeruginosa was sensitive to toxicologically relevant concentrations and was also
capable to produce higher concentrations of microcystins under stress
condition provoked by 2,4-D exposure. According to our results it could
be expected that in eutrophic and chemically polluted environments, cyanobacteria could be affected but also stimulated to produce cyanotoxins.
WP200 Investigating the potential effects of pollutants on the gastrointestinal microbiome of rainbow trout (Oncorhynchus mykiss)
A.R. Moate, Univ of Saskatchewan - Toxicology Centre; T. Jardine, Univ of
Saskatchewan / School of Environment and Sustainability; S. Wiseman, Univ
of Saskatchewan / Toxicology Centre; A. Van Kessel, Univ of Saskatchewan
/ Dept of Animal and Poultry Science; M. Hecker, Univ of Saskatchewan /
School of the Environment and Sustainability and Toxicology Centre
The gastrointestinal microbiome influences metabolic processes, plays a
role in host nutrition, and contributes to intestinal and immune system
development in vertebrates, including fish. Many factors can affect the
composition of the intestinal microbiome in fish including diet and host
phylogeny. While a number of studies have shown that microorganisms are sensitive to low concentrations of pollutants, to date little to no
information is known about the effects of contaminants on the bacterial
community composition of the intestines. Any changes in gut microbiome
composition have the potential to negatively influence fish health, and due
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to the essential role of bacteria in the gut, research is needed in this area.
Furthermore, as some bacterial taxa are found only in fish, these species
could have the potential to be used as bioindicators of pollutant exposure.
To further explore the potential impacts of contaminants on the intestinal
microbiome of fish, this study investigated the potential effects of two
classes of pollutants of environmental concern, namely antimicrobials
and polycyclic aromatic hydrocarbons (PAHs), on microbial composition
in the gut of rainbow trout. Antimicrobial compounds are extensively
used in aquaculture, as well as in humans and animals, to treat bacterial
diseases, which can lead to residues entering the aquatic environment and
possible subsequent microorganism toxicity. PAHs are ubiquitous in the
environment and can elicit a variety of deleterious effects on a wide range
of organisms, including bacteria. Gastrointestinal microbiome composition was determined by next generation sequencing of the 16S rRNA
gene using an in house Illumina MiSeq system. This research aims to
provide insight into novel aspects of toxicity and chemical metabolism in
fish, and further our understanding of the important role played by gut
flora in host well-being and adaptation to changing environmental conditions. Furthermore, information generated from this study may be used
in identification of bioindicator taxa present in the gut microbiome, and
development of biomonitoring strategies around known pollutant sources.
WP201 Neurotoxic and behavioral effects of carbaryl and glyphosate
pesticides on killifish (Fundulus heteroclitus)
A. Everett, K. Burns, Univ of North Georgia; N. Dalman, Univ of North
Georgia / Biology
Neurotoxic pesticides may enter tidal creeks and disrupt food webs. The
current study examined the effect of two pesticides, carbaryl (Sevin) and
glyphosate (Round – up), on feeding in Fundulus heteroclitus (killifish), an
important member of the salt marsh food web. Thirty fish were exposed
to each pesticide at the LC50 (a concentration lethal to 50% of fish
exposed for 96 hours) or half of the LC50 concentration for 24 hours,
without food, prior to testing. Fish were individually placed in a t-maze
and the time it took them to find and consume food was recorded.
Shrimp pellets were placed in alternating arms of the t-maze for each
trial. Fish exposed to pesticides were either unable to consume pellets or
took significantly longer to ingest pellets than control fish. This occurred
in fish exposed to both LC50 and half LC50 concentrations, although
the effect was more pronounced at the higher concentrations. In a subsequent recovery control study, fish exposed to half LC50 concentrations
were able to resume pre-exposure feedings rates within 5 days of toxicant
removal. Based on these results, both carbaryl and glyphosate adversely
affect the killifish’s feeding ability, which can have consequences
throughout the salt marsh food web.
WP202 Relationships Between Sediment Toxicity and Contaminant
Concentrations in Newtown Creek Superfund Site
J.J. Cura, Woods Hole Group / Risk Assessor; E. Leduc, Woods Hole Group;
C. Prabhu, Louis Berger Group, Inc.; E. Mahoney, New York City Dept of
Environmental Protection
We measured sediment toxicity using ten day and 28 day Leptochierus
plumulosus toxicity tests in five environments in the mid-Atlantic region:
(1) the main stem of a highly industrialized urban waterway (Newtown
Creek in New York Harbor), (2) four tributaries to the main stem of
Newtown Creek (Maspeth Creek, Dutch Kills, East Branch, and
English Kills), (3) a far field regional and relatively uncontaminated reference area (Mullica River Estuary), (4) a near field urban industrialized
reference area containing several Combined Sewer Overflows (CSO)
(Westchester Creek), and (5) a near field reference area free of any direct
industrial discharges or CSOs. The far field and near field stations were
very similar in toxic response with little to no correlation with sediment contaminants, and we used the data derived from these stations to
develop a robust reference envelope threshold. The presence of CSOs and
industrial discharges in the near field stations did not appear to affect
toxicity relative to far field stations. All the reaches and tributaries of
Newtown Creek were toxic relative to the reference areas and based on
the reference envelope threshold. Toxicity was most closely correlated
to Total Petroleum Hydrocarbons. However, there was little correlation
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between toxicity and the individual components often regarded as most
toxic (e.g., naphthalene, benzo(a)pyrene, total high molecular weight
PAHs or total low molecular weight PAHs). Neither normalization
to Total Organic Carbon nor pore water measurements improved the
correlations between individual contaminants and toxicity. These data
demonstrate that the toxicity due to exposure to a complex mixture such
as Total Petroleum Hydrocarbons cannot be easily explained on the basis
of the toxic response to individual components of that mixture.
WP203 The Effect of Bifenthrin Exposure Related to the
Dopaminergic Pathway in Embryos of Zebrafish (Danio rerio)
L. Becker Bertotto, Dept of Environmental Toxicology; D. Schlenk, Univ of
California Riverside / Dept of Environmental Sciences
Bifenthrin (BF) is a pyrethroid pesticide widely used in urban and agricultural applications, having low acute toxicity to mammalian species and
relatively low persistence in the environment. However, previous studies
have shown that environmentally relevant concentrations of this compound can affect the endocrine system by leading to the over production
of 17b-estradiol (E2) and the overexpression of dopaminergic pathway
components in the central nervous system in fish. Dopaminergic neurons
regulate GnRH, which control E2 biosynthesis, suggesting that BF may
disrupt these pathways. The hypothesis that BF impairs this pathway was
tested in embryos of zebrafish (Danio rerio). At 3 hour post fertilization,
embryos were exposed to 0.15 and 1.5 ppb BF for 96 hours. Juveniles (one
month old) were also exposed to the same concentrations for 96 hours and
2 weeks. The relative levels of transcripts related to the dopaminergic system (tyrosine hydroxylase, dopamine receptor 2A, and dopamine active
transporter) and GnRH were investigated by qRT-PCR. Preliminary
results show no changes in the expression of the mentioned genes in
zebrafish embryos. Studies on older fish are on going. Further analysis of
differentially expressed genes can help assess potential toxic and sublethal
effects of BF using zebrafish as an animal model.
WP204 The interplay between biota and pollutants: ghost shrimp
affect environmental conditions and aromatic hydrocarbon distribution in laboratory mesocosms
P.L. Klerks, A. Morales, A. Kascak, University of Louisiana at Lafayette /
Dept of Biology; S. Osman, M. Hoag, P. Morandi, F. Louka, University of
Louisiana at Lafayette / Chemistry
Not only can organisms be affected by pollutants, but the presence of
organisms can influence the environmental distribution and fate of
pollutants. The latter can be especially pronounced for organisms that
are ecosystem engineers - such as the ghost shrimp Lepidophthalmus louisianensis. This marine crustacean is abundant, moves a lot of sediment,
and aids in the exchange of water within the sediment and between the
sediment and the water column. The present research is using laboratory mesocosms (with sediment and water, with or w/o oil or ghost
shrimp added) to assess the influence of L. louisianensis on environmental
conditions and on the distribution and biodegradation of petroleum
hydrocarbons. The presence of ghost shrimp resulted in an increased
turbidity and lower DO levels in the water column, while the sediment
became less anoxic. Temperature differences between the water column
and the sediment were also reduced. When oil (a surrogate Macondo
well oil) was added to the sediment surface, the presence of ghost shrimp
enhanced the rate of oil disappearance from the surface sediment. A parallel investigation (Deb Adhikary et al. presentation at this meeting) is
assessing whether the ghost shrimp bioturbation changed the microbial
community and/or their rate of hydrocarbon degradation.
WP205 Thyroid hormone disrupting effects of water-accommodated
fractions (WAFs) of oil-implication of oil pollution
S. Kim, J. Sohn, Seoul National Univ; D. Jung, Seoul National School / Inst
of Health and Environment; K. Choi, Seoul National Univ / School of Public
Health
The Hebei Spirit oil spill accident which occurred in near Taean, Korea,
in December 2007 has affected the western coastal area of Korea. To date
many studies have been conducted on this area to assess various aspects

of oil pollution including ecotoxicological effects. Most studied ecotoxicological information on this oil spill episode includes PAH associated
toxicity. Very little is known about thyroid disrupting potentials of the
oil spill. We evaluated thyroid disrupting effects of oil spill using wateraccommodated fractions (WAFs) of Iranian heavy crude oil of Hebei
Spirit oil spill. Zebrafish embryos (< 4 h post-fertilization, hpf) were
exposed to 0, 20, 30, 40, or 50% (v/v) of WAFs until 120 hpf. Following
exposure to WAFs, whole-body T4 and T3 levels in zebrafish larvae
were significantly decreased. The tshβ gene was up-regulated, which
might be responsible for the decreased hormone levels. Several other
gene expressions such as dio1, ttr, and ugt were also altered after exposure
to WAFs, which suggests their effects on metabolism, transport, and
excretion of thyroid hormones. While the expressions of cyp1a gene were
markedly increased in a concentration-dependent manner, those of ahr2
were not affected. Malformation of the larval fish was observed at 40 and
50% WAFs. Thyroid hormone disrupting effects of oil polluted sediments warrant further investigation. This work was supported by Korean
Ministry of Oceans and Fisheries Project PM56951.
WP206 Toxicity of anticoagulant rodenticides in two freshwater
fishes to aid test design for Hawaiian triggerfish
R. Riegerix, Univ of Missouri- Columbia / Biological Sciences; D.E. Tillitt,
USGS / Columbia Environmental Research Center
Bird colonies at certain US Fish and Wildlife Service (USFWS) Pacific
Island National Wildlife Refuges (PINWR) have suffered severe
losses due to rat infestations. USFWS uses anticoagulant rodenticides
(ARs) for rat eradication and control programs to protect native species.
Evaluations of AR-related risk to non-target species have been conducted
by USFWS in PINWR; however, risks of ARs to coral reef fish have not
been included in those assessments. Toxicity information on Hawaiian
reef trigger fish, Melichthys genus, was requested by State of Hawaii Dept
of Agriculture Pesticides. Objectives of this study were to determine
acute toxicity testing conditions for fish exposures to AR pesticides.
Initial studies were conducted with fathead minnow, Pimephales promelas, and largemouth bass, Micropterus salmoides, as surrogate species.
The median lethal dose (LD50) for brodifacoum, a second-generation
anticoagulant rodenticide, administered via IP injection, was calculated.
Brodifacoum caused mortality and delayed mortality at doses of 6.8 –
83.33 µg/g-body weight (18-120 hours post exposure). Coagulation times
were also assessed as a sub-lethal measure of AR exposure. Diphacinone,
a first-generation anticoagulant rodenticide, increased plasma clotting
times in largemouth bass as compared to control fish. Final results from
these studies will be used to determine exposure and toxicity assessment
conditions for studies in triggerfish.
WP207 Toxicity of polychlorinated biphenyls and N-phenyl-1naphthylamine in juvenile turtle Chelydra serpentina
T. Colson, Queens Univ; S. de Solla, Environment Canada / Ecotoxicology
and Wildlife Health Division; V.S. Langlois, Royal Military College of
Canada / Dept. of Chemistry / Chemistry and Chemical Engineering
Polychlorinated biphenyls (PCBs) as well as substituted phenylamines
antioxidant (SPAs) are two chemicals, which have been used in multiple
industrial processes. PCBs were primarily used in the 20th century in
electrical transformers due to their dielectric and fire resistant properties as well as their high stability. Despite the ban of PCB production
in North America in 1977, they are ubiquitously found in the environment as well as in wildlife as they are highly lipophilic and recalcitrant.
Previous studies with mammals, birds, amphibians and fish have shown
PCBs to be neurotoxic, genotoxic, developmentally toxic, and they have
been classified as endocrine disruptors. In contrast, SPAs, specifically
N-phenyl-1-naphthylamine (PANA), has received very little attention
despite their current use in lubricating oil and rubber manufacturing
as an antioxidant. Concentrations found within the environment and
wildlife are unknown; however, fugacity models predict that SPAs
would be found roughly equally in soil (36%), sediment (34%), and water
(29%). There is a research gap regarding the effects of PANA in wildlife
and PCBs in reptiles; therefore snapping turtle (Chelydra serpentina)
was studied due to its importance as an environmental indicator. In
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order to determine the toxicity of these two chemicals, three chronic
exposures were performed in juvenile C. serpentina. The first experiment was conducted using Aroclor 1254 (A1254) spiked food to model
bioaccumulation and depuration of PCBs in the liver. Turtles were fed
food spiked with 500 ng/g A1254 for 30 days followed by clean food
for 51 days. The final two experiments were performed using A1254
and PANA spiked food (0-12,500 ng/g and 0-10,000 ng/g, respectively) to determine toxicity in brain, liver, and gonad-mesospheric
complex as well as liver PCB accumulation in juvenile C. serpentina.
Toxicity was assessed by comparing the expression of hormonal-related
genes and genes associated with oxidative stress or phase I and phase II
metabolism. Preliminary chemical analysis results have shown a dose
dependant increase of PCB concentrations in turtle livers (0.0005-1.02
µg/g wet weight). Final chemical analysis and gene expression data will
be presented. This study will help assess endocrine disruption and aid
interpretation of body burdens of these two compounds in reptiles.

Integrated Environmental Assessment and
Management General Part 2
WP208 Air-water Exchange of PAH and OPAH Upstream, Within
and Downstream of a Mega-Superfund Site
L.G. Tidwell, K.A. Anderson, Oregon State Univ / Environmental and
Molecular Toxicology
Quantitative assessment of the air-water exchange (flux) of PAHs and
OPAH within and around the Portland Harbor Superfund site was performed using passive sampling devices. Passive sampling devices (PSD)
were used to measure the vapor and dissolved phase of 62 PAH and
22 OPAH. Forty one PAH were detected in water, and 27 PAH were
detected in air. Detections of OPAH were significantly less than PAH,
however 7 and 9 OPAH were detected in the water and air respectively.
All 3, 4, and 5 ring PAHs detected were in a state of deposition at all
sampling sites, however the magnitude of the PAH flux increased at
sites approaching and within the Superfund. The greatest magnitude net
deposition observed was phenanthrene at a rate of -129,000 (+/-19,200)
ng/m2/day. The OPAH that underwent the greatest flux was 1,4-anthraquinone at a rate of -11,500 (+/-670) ng/m2/day. Quantitatively
measuring OPAH flux using PSD has never been undertaken; using this
existing technology to measure a new class of compounds at a heavily
contaminated site further informs the science of contaminate transport
forward for better site characterization. Assessment of PAH flux at a
Superfund site fills an important data gap, Superfund sites have been
suspected to be sources of air pollution due to the legacy of contamination. However, utilization of existing PSD technologies in this model
system has shown that aquatic superfund sites may actually be sinks for
PAHs when the Superfund is in urban setting.
WP209 Quantitation of ractopamine in particulate matter emitted
from beef cattle feedyards
K. Wooten, Texas Tech Univ / Environmental Toxicology; M.A. Sandoz,
Texas Tech Univ; P.N. Smith, Texas Tech Univ / Environmental Toxicology
Management of beef cattle on feedyards often includes administration of
veterinary pharmaceuticals to increase feed efficiency and weight gain.
These pharmaceuticals fall into three broad categories: steroids, antibiotics, and β-adrenergic agonists (ractopamine). In semi-arid environments,
including the Southern High Plains region, airborne particulate matter
(PM) has been previously demonstrated to be a viable route of transport
of steroids and antibiotics from feedyards into surrounding environments. The goal of this study was to determine if airborne PM emitted
from feedyards contained quantifiable concentrations of ractopamine. As
an initial screening, total suspended particulate samples (n=3/feedyard)
were collected downwind of feedyards in west Texas. PM extraction
methodology was adapted from previously published methodology for
determining ractopamine in animal feeds, and analysis and quantitation were performed via LC-MS/MS. Ractopamine was detected in all
samples analyzed, with concentrations ranging from 2.6 to 5.0 µg/g PM.
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WP210 Higher-tier surface water exposure modeling approach of
veterinary pharmaceuticals administered to beef cattle
I. Khanijo, C.M. Holmes, A. Ritter, J. Amos, M. Cheplick, W. Williams,
Waterborne Environmental, Inc.
Watershed scale exposure modeling of veterinary pharmaceuticals in
surface water was conducted following the US Environmental Protection
Agency’s (USEPA) Tier-2 drinking water pesticide exposure modeling
approach. Three potential sources of veterinary pharmaceuticals administered to beef cattle were modeled – feedlots without runoff collection
ponds (less than 1000 head), agricultural fields applied with manure
collected from the feedlots, and pasture. Runoff and erosion from these
sources were modeled and combined and inputted into a waterbody.
The Pesticide Root Zone Model (PRZM) used in the FOCUS Surface
Water and Groundwater model software (winPRZM) was modified
to simulate a feedlot and pasture. PRZM 3.12 was used to model an
agricultural field. EXAMS was used to model the surface waterbody
(index reservoir), used by USPEA in drinking water risk assessments.
Enhancements to winPRZM included having options to model timing
of entry and exit of beef cattle on the feedlot and pasture and model constant mass of active ingredient in feedlots if degradation rate in manure
in unknown. PRZM uses runoff curve number method for runoff
estimation and USLE method for erosion estimation. The 90th percentile concentrations for peak, 4-day, 21-day, 60-day, 90-day and annual
average exposure durations were estimated in the waterbody based on
30-year daily model and annual applications. The “application rates” of
active ingredient to feedlot and pasture were estimated based on daily
release rate of the active ingredient of the pharmaceutical in manure. The
application rate of active ingredient in manure applied to agricultural
land was based on daily release rate and phosphorus requirement of corn
grain/silage. USEPA’s standard Tier-2 crop scenarios and weather files
were used as such. The landscape metrics were derived from the GIS
analysis of watersheds to estimate percent watershed area contributing
to feedlots, pasture, and agricultural land applied with manure to model
the watershed level index reservoir. The GIS analysis for estimation of
percent contributions from each source is discussed in another poster
titled “Spatial technologies to place veterinary medicine aquatic exposure
concentrations into risk context” in this session.
WP211 Establishing a Baseline for Remedial Action in Newtown
Creek: Comparing a Superfund Site with Regional Background and
New York City CSO Discharges
E.A. Garvey, The Louis Berger Group; S. Gbondo-Tugbawa, C. Prabhu,
Louis Berger, Inc.; J.J. Cura, Woods Hole Group; E. Mahoney, R. Weissbard,
New York City Dept of Environmental Protection
Newtown Creek is a highly industrialized tidal estuary located on Long
Island along the eastern shore of the East River in New York City. It has
been used as a commercial waterway since the 17th century and became
highly industrialized during the 19th and 20th centuries. Due to the
industrialization, its waters and sediments contain contaminants such
as TPAHs, TPCBs, and copper. Its sediments also contain DNAPL as
a result of historical industrial discharges; discharges of contaminated
groundwater and NAPL continue to the present. Newtown Creek was
listed on the NPL in September 2010. Along its banks are several major
industrial sites, including oil storage and shipping facilities, manufactured gas plants, and a former copper smelter. The creek is also subject to
combined sewer overflow discharges (CSOs) during major storm events,
draining a substantial portion of Brooklyn and Queens. Along with five
others, the City of New York is a named PRP for the site. As part of
the site characterization, an extensive set of sediment cores have been
obtained from Newtown Creek as well as from nearby but unrelated tidal
waterways in the New York City metropolitan area. Additionally, the
City of New York has collected an extensive set of samples characterizing
CSO discharges, separately quantifying dissolved and suspended matter
fractions. Finally, in addition to the direct measurements of contaminant
concentrations in sediments and water, the City has also obtained an
extensive set of measurements on sediment toxicity, both in Newtown
Creek as well as in several unrelated tidal waterways. Combining the
sediment chemistry and sediment toxicity results provides a robust basis
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to establish baseline conditions for the site. The combination of these
data with the direct measurements of CSO discharges also provides a
comparative basis to establish sediment conditions in the presence of
CSOs but absent of industrial discharges. These results show definitively that Newtown Creek contamination is largely unrelated to CSO
discharges. More importantly, these results show that CSO solids are
similar to the regional baseline for TPAH, TPCB and copper, and that
these levels are not associated with acute sediment toxicity. This presentation will include results for Newtown Creek sediments, baseline area
sediments, and CSO solids.
WP212 Integration of Ecological Risk and treatability Testing in the
Development of a Sediment Remedy
T.L. Sorell, Brown and Caldwell / Risk and Toxicology; R. Menon, Brown
and Caldwell
A portion of a freshwater New England pond has been determined to
require sediment remediation due to unacceptable ecological risk. The
contamination consists primarily of iron staining and flocculation associated with groundwater seeps along the banks of a shallow cove related to
an upgradient landfill. Other inorganics and some organic compounds
are also present. The proposed remedy consists of dredging in the cove,
dewatering, treatment of dewatered sediment and residual liquids, solids
disposal in the landfill, and discharge of treated residual liquids (effluent)
back to the pond. Risk assessment and treatment alternatives evaluations
were performed in a collaborative effort to identify analytes and associated
technologies for treatability testing and develop the final list of parameters
proposed for effluent limits in the permit. The preliminary list of analytes
for development of effluent limits and treatability testing was based on the
contaminant concentrations in pond surface water and sediment compared with water quality criteria (WQC) to protect freshwater aquatic life
and freshwater sediment benchmarks, respectively, as well as background
conditions (concentrations outside the impacted cove area). Sediment
elutriate was also generated and evaluated. Effluent limits were developed
based on water quality criteria (WQC) to protect freshwater aquatic life.
Due to the relatively brief duration of the proposed remediation (less
than three months), the acute WQC were used as benchmarks. Where
no acute value was available, the chronic value was multiplied by 10. An
additional 10-fold factor was applied to account for dilution of the effluent
in the pond. This process resulted in effluent limits that are expected to be
achievable with readily available and proven treatment technologies. The
treatability testing results indicate that the target contaminants of concern
will be removed by the proposed treatment system prior to discharge. The
proposed treatment system consists of metals precipitation, sand filtration, granular activated carbon, and resin adsorption prior to discharge of
treated effluent. The preliminary design for this project demonstrates the
importance of collaboration by risk assessors and engineers in designing
a sediment remedy and establishing effluent limits that are likely to be
achieved and be protective of aquatic life. The permitting and engineering
process for this remedy is currently underway.
WP213 A Comparison of Predicted vs. Actual Near Field Sediment
Concentrations in the Lower Willamette
B.R. DeShields, Integral Consulting Inc.; F. Wolf, RETIA USA, LLC
- Legacy Site Services LLC; M. Pattanayek, J.L. Gomez-Eyles, Integral
Consulting Inc.
Recent measurements of PCB concentrations in fish tissue and sediment demonstrate that natural recovery is occurring in sediments at
a Superfund Site located near the mouth of the Willamette River in
Portland Oregon at a relatively rapid rate. Previous modeling efforts
based on sediment data collected a decade ago predicted decreases in
surface sediment concentrations of PCBs, and coupled with a sitespecific food web model, decreases in fish tissue concentrations. Current
conditions more closely resemble the most favorable forecast for natural
recovery associated with the no action alternative after 15 years. The
older sediment data that was collected approximately 10-15 years ago
does not represent current conditions in this dynamic system nor current risks. Data from recent sediment sampling efforts demonstrate that
the model was accurate in predicting far field sediment concentrations,

and recent fish tissue data show the effect of natural recovery on tissue
concentrations, resulting in decreased risk to consumers of fish. The
predictive accuracy of the model is discussed in terms of its usefulness in
remedial decision-making and optimization of remedial design.
WP214 Using generic population models to evaluate the potential for
adverse effects in endangered species risk assessment: A case study
approach
K.E. Kapo, Waterborne Environmental, Inc.; S.M. Bartell, Cardno
Entrix; V. Forbes, A. Schmolke, Univ of Minnesota / College of
Biological Sciences; R.A. Pastorok, Integral Consulting, Inc.; M.E. Kern,
Waterborne Environmental, Inc. / Ecotoxicology; D. Perkins, Waterborne
Environmental, Inc.
Population modeling can help evaluate exposure and effects of pesticides
in an ecologically relevant context for species identified as potentially
affected in the screening-level stages of an endangered species assessment. However, screening-level assessments at the national scale may
initially identify a large number of potentially-affected species based on
proximity of species habitat and pesticide exposure. A practical solution to address this challenge is the development of “first-tier” generic
population models based on species groups with common exposure/
effects and life history characteristics. We present case studies detailing
the process of implementing national-scale generic population models
across multiple ecological guilds (e.g., fish and birds) for a pesticide. By
using key ecological parameters to differentiate between species groups,
generic population models can be developed to conservatively evaluate
population-level impacts of pesticides for representative species. Generic
models were developed to describe population dynamics alternatively
sensitive to (1) early life stage survival, (2) intermediate age survival,
and (3) reproduction (fecundity). The generic models were used to help
screen large numbers of representative endangered species in the initial
phases of national scale assessments in several case study applications.
This first-tier modeling approach can identify individual species that may
require further analysis using species-specific higher-tier modeling, thus
offering a pragmatic approach to focus assessment efforts and resources
on the species with greatest actual risk. Our case study analysis demonstrates the practicality and effectiveness of applying ecological modeling
(e.g., model selection and implementation) as part of a tiered strategy for
adding ecological context and advancing the interpretation and efficacy
of endangered species risk assessments.
WP215 Microcosm Study: Statistical Power Plays a Role in Detecting
Treatment-Related Population Effects
K. Lamichhane, Univ of North Texas / Ecotoxicology and Plant Sciences; J.
Aufderheide, ABC Laboratories Inc / Ecotoxicology Plant Sciences; S. Hicks,
ABC Laboratories; A. Clifton, ABC Laboratories Inc / Ecotoxicology and
Plant Sciences; M. Blickley, V. Kramer, Dow AgroSciences LLC
Control data from two indoor microcosm Daphnia magna studies
performed under similar environmental conditions were used to evaluate
statistical power of the test design. The statistical power of the indoor
microcosm studies was compared to general field microcosm studies
with cladocerans. The statistical power of field microcosm studies could
be rather low due to variations associated with natural factors and test
designs. Additionally, the population dynamics were investigated utilizing different population growth models to see if the dynamics fit the
‘theory’. Daphnid abundance, based on body size (i.e., neonate - >0.25 to
< 0.71 mm, juvenile - >0.71 to < 1.00 mm, adult - >1.00 mm, and pooled
age-groups), were compared and analyzed in a 28 day study with D.
magna using t-test and regression model. Each indoor microcosm study
was initiated with an age-synchronized population of 5 juveniles/L and
5 adults/L in each of four 40-L water volume replicates. At day 3, 5, 7, 9,
14, 21, and 28 sampling points, ~5% sample volume, comprised of five or
six sub-samples, was removed from each replicate and passed through a
series of three sieves. Each sieve was examined to determine the number
of adults, juveniles, and neonates collected. With one exception, no
statistically significant differences were observed between the control
from each of the two studies for abundance of neonates, juveniles, adults,
or pooled age-groups. The one exception was the neonate population on
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day 28 which may have arisen due to different number of sub-samples
and/or distribution of daphnids in the water column. The juvenile and
adult population increased during the initial 20 days of the study and
this appeared to be a response to the initial abundance of resources
available to the adults. The coefficients of determination values were
similar in the control from each of two studies, indicating the strong
association between the studies. The R-squared value for juveniles and
adults over the 28 days period ranged between 0.85-0.93, indicating the
population growth follows the logistic model. In general, the indoor
microcosm study has reasonable variance and can be useful for detecting
the treatment-related population effects. Analyzing daphind abundance
data using statistical models provides a better understanding of the study
design for microcosm study and predicting the population growth under
the indoor environmental conditions.
WP216 Best practices for setting ADEs for pharmaceutical risk assessment and data-derived approaches for moving away from defaults
A.M. Willis, J. Ovesen, Univ of Cincinnati / Dept of Environmental Health;
J. Reichard, Toxicology Excellence for Risk Assessment; R. Sandhu, SafeDose,
Ltd.; A. Maier, Univ of Cincinnati / Dept of Environmental Health
Recent international guidance is available for deriving safe doses such
as Acceptable Daily Exposures (ADEs) for non-clinical exposures to
pharmaceuticals. These methods are generally aligned with the concepts
in other safe dose methodology and are also relevant for assessing risks
from pharmaceutical releases to the environment. Because of the nature
of safety and efficacy testing, pharmaceutical datasets provide additional
information that can be used to move away from traditional defaults and
procedures. The ADE guidance has advocated the use of data-driven
risk assessment methodologies including the derivation of chemicalspecific health-based limits with a rigorous evaluation and synthesis of
all pharmacology and toxicology data. However, many of the specifics of
derivation are left open to interpretation and limited guidance is provided
on moving away from defaults. Alternatives data types for use in safe dose
derivation includes clinical pharmacology data, clinical and non-clinical
toxicology data, and clinical pharmacokinetic data. Additionally, the
potential exists for unpublished toxicity data to be used in ADE setting
for pharmaceuticals, thus, an additional step should include reaching out
to pharmaceutical companies for additional unpublished data (investigators’ brochures). Other data that is particularly unique and/or robust for
pharmaceuticals includes pharmacokinetics. For example, the toxic effect
of exposure is dictated by pharmacokinetics (PK) (delivery of the chemical to the site of action) and pharmacodynamics (PD) (how the chemical
produces a biological response), and most pharmaceuticals have known
PK/PD parameters. The ADE guidance recommends replacing default
factors with data when quantitative chemical-specific information, such
as PK/PD data, is available. Areas for application of PK/PD data include:
adjusting for bioaccumulation, steady state (S), and dose averaging for
intermittent dose schedules; assessing bioavailability (α) from different
routes of exposure; estimating interindividual variability (UFH); and
supporting interspecies extrapolation (UFA); among others. This work
aims to lend additional guidance on how to utilize robust pharmaceutical
datasets for the replacement of defaults in pharmaceutical risk assessment.
We map out key data-driven approaches in ADE derivation with the goal
to inform the best practices for deriving risk values for non-clinical and
environmental exposures to pharmaceuticals.
WP217 Green-washing: What Is a Meaningful Ecolabel?
N. Maples-Reynolds, Waterborne Environmental, Inc.; D.B. Huggett,
Waterborne Environmental, Inc. / Dept of Biological Sciences
Currently there are over 400 ecolabels for food and consumer products
in the global marketplace. These labels are marketing efforts informing the purchaser of a variety of claims of sustainability measures
enacted by companies. The marketplace is flooded with several similar
claims on whether a product is less hazardous, sustainable, organic,
non-GMO, fair-trade, recyclable, recycled, carbon neutral, or biodegradable. Generally there are four types of labels in order of volume,
1) voluntary environmental certification programs, 2) self- or 3) causerelated claims and 4) governmentally regulated. The federal, some state,
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and International governments have limited direct roles in ecolabeling
beyond mandatory hazard warning (e.g., pesticide or Prop. 65) or informational disclosures (EPA fuel economy, certified organic, WaterSense,
or Energy Star). There are several third-party certification and quasigovernmental programs that lend credibility to an ecolabel; however,
standardization or centralization of these programs are lacking. Several
seals of approval overlap in required data for certification; however, a
comprehensive comparison of each standard has not been performed.
The USEPA and GAO are reviewing the Environmentally Preferable
Purchasing program currently by reviewing a subset of ecolabeling in
regards to building paints/coatings/removers, building flooring, and furniture; however, implications towards the general public are unknown.
Several questions arise when considering comparison of ecolabeling
standards. What would be the best way to implement meaningful change
to ecolabel marketing? Develop a list and score each label? Who will
collect the information and develop trustworthy comprehensive scoring
standards for each product sector? How to engage all stakeholders to
agree on the standards? Finally how does all the data collection conform
to expanding regulations such as Registration, Evaluation, Authorisation
and Restriction of Chemicals (REACH), Restriction of Hazardous
Substances (RoHS) Directive, California’s Safer Consumer Products,
and Washington’s Chemicals of High Concern to Children?
WP218 Decision Making Framework for Beneficial Reuse of
Produced Water
M. Pattanayek, Arcadis U.S., Inc.; B.R. DeShields, Integral Consulting Inc.
Produced water is generated during conventional oil and gas production
and production of unconventional sources such as gas shale, coal bed
methane and tight sands. Produced water is considered a byproduct of oil
and gas production and is most commonly treated as waste for disposal
rather than reuse. Approximately 21 billion barrels of produced waters
are generated annually in the US. Some of the most common disposal
practices include land application or discharge, subsurface injection,
and offsite trucking. With increasing population and land use changes,
combined with changes in weather patterns and climate in the US and
worldwide, the demand for fresh water supply has also increased. As a
result, treated wastewater, including produced water, should be considered a sustainable resource instead of a waste. To meet demands for
fresh water, regulations and discharge limits have paved the way for
improved treatment technologies, providing for reuse of produced water
in a limited set of applications. Additional applications can and should
be considered and regulations should ultimately support a wide variety
of beneficial reuses for produced water. We present a decision making
framework to identify potential beneficial reuse of produced water from
onshore exploration and production facilities in the US. This framework
assists in selecting cost-effective alternatives for the reuse of produced
water, avoiding a need for disposal of the produced water as waste.
Benefits of produced water reuse include meeting nonpotable water
demands, recharging groundwater aquifers, and augmenting surface
waters. The reuse of produced water not only supplements water supply,
especially important in times of drought coupled with high demand, but
also support ecological services. Besides addressing concerns from the
public about reuse of an industrial-type wastewater such as produced
water, regulatory requirements must be met before a beneficial reuse can
be selected. Multiple additional factors that can influence the selection
of beneficial reuse, including location of the operation, state and local
regulations, and concentrations of the chemicals, cost-benefit analysis of
treatment alternatives, and other site-specific information. We developed
a decision framework to manage key information, criteria, guidelines,
and including regulatory and other constraints in the decision-making
process for potential produced water reuse options.
WP219 A hypothesis-driven weight of evidence analysis evaluating
endocrine disrupting potential: Triclosan case study
E.M. Mihaich, ER2; M. Capdevielle, Colgate-Palmolive Company
Testing specific hypotheses is particularly relevant for the data emerging from the USEPA Endocrine Disruptor Screening Program (EDSP)
and related scientific information that focuses on identifying potential
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endocrine modes of action (MoA) of chemicals. Using a transparent and
semi-quantitative WoE framework, a case study of the antimicrobial triclosan (TCS) was conducted. The use of TCS was of particular interest
as it is a data-rich compound that has been suggested to have endocrine
activity. While TCS is biodegraded and can sorb to biosolids, some TCS
enters the aquatic environment and may expose ecological receptors.
Given the potential for exposure to both humans and wildlife, resolving
whether or not TCS should be considered a potentially endocrine active
compound is important given increasing worldwide concern about endocrine disrupting substances and their potential for causing adverse effects
on public health and the environment. The WoE analysis employed
evaluated the potential for TCS to interact as an agonist or antagonist
within the estrogen, androgen and thyroid hormone pathways, and
steroidogenesis. These eight hypotheses were tested by using the WoE
procedure which involved systematic consideration of each endpoint
observed in one or more study designs, focused on the screening level
studies in the EDSP, as well as those in levels 1 through 4 of the OECD
Conceptual Framework. Data reliability was evaluated using Klimisch
scores derived using ToxRTool. A semi-quantitative weighting of
relevance of each type of endpoint to a given hypothesis was conducted
to reach scientifically justified conclusions based on the totality of the
evidence. Maximal use of all existing relevant and reliable information
and consistent observations in multiple studies increase support for or
against a given MoA hypothesis. Using available data from more than 35
peer reviewed studies from multiple animal species and in vitro systems,
this systematic and transparent WoE assessment indicated that TCS is
not acting as an agonist or antagonist within the estrogen, androgen,
thyroid or steroidogenesis pathways.
WP220 Is Triclosan Endocrine Active in a Larval Amphibian
Growth and Development Assay (LAGDA)?
S. Pawlowski, BASF SE; D.J. Fort, M. Mathis, Fort Environmental
Laboratories Inc; S. Champ, BASF SE
Triclosan is an antibacterial biocide which is used in various cosmetic and
personal care products such as hand wash or tooth paste. Due to these
down-the-drain applications, the main entry part into the environment
is via sewage treatment plants (STP) effluents. The structural similarity
of the substance to some vertebrate hormones, has raised some question
if Triclosan may be hormonally active towards aquatic vertebrates such
as fish and amphibians. In order to address such questions, the USEPA
has established a tiered testing approach for the assessment of possible
endocrine disruptors. Thus, this testing approach has been followed in

the past by conducting a 21-d Amphibian Metamorphosis Assay, an
Amphibian Growth and Reproduction (AGRA) Assay (Xenopus laevis)
and anAmphibian Pre-/Prometamorphosis Assay. These three studies
revealed no endocrine related changes in the animals. In order to finally
conclude, whether there are any endocrine related effects on amphibians,
a Larval Amphibian Growth and Development Assay (LAGDA) was
initiated following the draft test OPPTS test guideline. Results of the
LAGDA study also showed that there are no endocrine modulation in
amphibians and thus, confirms the result of the tier 1 tests.
WP221 Spatial technologies to place veterinary medicine aquatic
exposure concentrations into risk context
J. Amos, I. Khanijo, Waterborne Environmental, Inc.; J.A. Robinson, Zoetis
/ Metabolim and Safety; C.M. Holmes, M. Cheplick, W. Williams, A. Ritter,
Waterborne Environmental, Inc.
A case study in which spatial technologies were applied to characterize the potential for aquatic exposure from the excretion of beef cattle
treated with veterinary pharmaceuticals will be demonstrated following techniques similar to the higher tiers of USEPA’s aquatic exposure
framework. GIS was used to establish high versus low risk regions of
exposure potential across the US. Multiple regions representing a variety
of beef cattle characteristics and climatic conditions were identified as
having the highest vulnerability potential. From within each region, a
single vulnerable watershed was selected for watershed-scale modeling.
The importance of the watershed selection places is that it places the
modeling results into national context and promotes confidence that the
results represent a realistic intense-use scenario that can be applied to
other US beef regions. For each watershed modeled, local factors relevant
to simulating veterinary medicines in surface water were identified using
spatial data on feedlot densities, pastured cattle lands, and croplands
treated with manure. While a fate and transport model ultimately
calculated the concentration of drug in the environment, GIS was used
to measure the distribution of landscape factors influencing exposure and
place the concentrations into the larger national risk perspective. The
workflow to achieve a representative watershed for higher tier modeling
will be presented. Examples using geospatial data to define vulnerability at the region and watershed scales will be discussed. Refer to the
poster (in the same session) titled, “Higher-tier surface water exposure
modeling approach of veterinary pharmaceuticals administered to beef
cattle” for a detailed view of how USEPA’s Pesticide Root Zone Model
(PRZM) was modified to simulate transport of the manure-bound drug
to surface water.
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Environmental Benefits and Ecosystem
Accounting: Getting to Resolution
RP001 Endpoints at war: Using integrated human services and ecological risk assessment to evaluate trade-offs in ecological restoration
and remediation
W.G. Landis, M. Harris, J.M. Stinson, A.J. Markiewicz, Western
Washington Univ / Inst of Environmental Toxicology
One of the most difficult aspects of the restoration of contaminated sites
is the development of a plan that accurately describes the risks to multiple
endpoints of value to stakeholders and government agencies. Often there
are endpoints at war; that is the situation when the enhancement of one
endpoint can cause the increase in risk to another. An example is flood
control, often flood control measures put in place to protect life and property result in a loss of habitat available to species deemed important by
stakeholders. Remediation efforts to contain a contaminant to a specific
river bank or stretch of sediment my cause of a loss of valued scenery or
wildlife habitat. We have demonstrated that it is possible to develop an
integrated risk assessment that deals with both the human and ecological
domains to evaluate a broad range of potential endpoints for risk reduction due to potential management alternatives. Although using the South
River in western Virginia as the case study, similar risk assessment models
can be applied to other sites and management scenarios. One of the essentials is being spatially explicit about the various management goals for
the site and ensuring that a risk based adaptive management framework
is constructed. Management alternatives can be explored, field studies
can be designed to evaluate the actions, and monitoring programs can be
developed to ensure the appropriate feedback for adaptive management.
RP002 Informing Decisions and Investments for Resilient
Engineering and Ecosystems
T.S. Bridges, US Army Corps of Engineers / ERDC/WES/EZS
The regulatory processes that came into force in the US beginning in
the 1970s dramatically reduced contaminant loads and risks in aquatic
environments. As we approach the half century mark since these regulatory processes went into force, it is reasonable to ask whether current
and future environmental conditions call for new approaches to environmental management that expand beyond the classic risk assessment /
risk management paradigm. In recent years, such challenges as adaptation to climate change, oil spills, coastal storms and flooding events
have revealed the importance of managing infrastructure systems and
ecosystems for resilience. The concept of resilience, according to the US
National Academy of Sciences (2012), Presidential Executive Order
13653, and other authorities, includes the ability to prepare for, resist,
recover, and adapt in order to achieve functional performance under the
stress of disturbances through time. Application of resilience concepts
and analysis includes explicit consideration of the functions and services
that are desired from the system, projecting the performance of the
system under combinations of uses and disturbances, and evaluating
actions that can be taken to enhance preparation, resistance, recovery,
and adaptation. In such an approach, the use of quantitative performance
metrics for the system related to economic, social and environmental
outputs are considered, consistent with notions of sustainability. Practical
applications of resilience concepts to environmental management will
be described using case studies related to climate change adaptation,
the Deepwater Horizon oil spill, Hurricane Sandy, and the USACE
Engineering With Nature program. These case study examples illustrate
the importance of aligning engineering interventions with natural processes, employing a systems approach for managing ecosystems, and the
need to comprehensively evaluate costs, benefits, and services.
RP003 Innovative Remediation and Habitat Restoration Approaches
on Corporate Lands: A Case Study of Wetland Mitigation in a
Heavily Industrialized Waterfront
M.S. Laska, Great Ecology
The Woodbridge Waterfront Park in New Jersey is a compelling
case study that demonstrates how to successfully manage complex
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remediation and restoration projects on contaminated sites using ecological best practices focused on restoring ecological function and partnering
with the community and stakeholders. The Army Corps placed contaminated dredge material onto a tidal estuary, and the corporate land owner
was required to remediate dredge contaminants and simultaneously
mitigate approximately 50 acres of wetland habitat. This project could
have easily been bogged down in costly remediation. We designed an
innovative and cost-effective onsite solution (offsite mitigation was not a
feasible option) that integrated restoration with remediation efforts and
saved the client $50 million in compensatory regulatory charges. Using
functional analyses, we demonstrated that we could significantly improve
ecological function by restoring and/or creating a highly functioning
habitats, including one on top of the dredged materials, and provide the
community with access to the Raritan River for the first time in a century. The strategic mitigation resulted in a novel, integrated design now
under construction and slated for completion in 2016.
RP004 Utility of Environmental Accounting To Inform EcoRestoration Decisions and Investments
R.J. Wenning, J. Nicolette, M. Rockel, Ramboll ENVIRON
The drive to connect economic and environmental information in
environmental restoration work mirrors the ongoing developments in
environmental economic accounting and the rapidly growing importance
for companies and regulatory agencies to consider sustainability, biodiversity, and similar forward-thinking metrics in their decision-making.
The motivation comes from a wide range of emerging demands for better
integration of information on both ecological quality and human wellbeing. Motivation also stems from the need for a better understanding
of ecosystem services in terms of both market and non-market goods
and services and ecosystem attributes crucial for restoring, enhancing,
and maintaining long-term value for society. The major challenge for
including ecosystem services, biodiversity, and sustainability considerations in remediation or restoration decision-making continues to be the
difficulty of quantifying and valuing ecosystem services and attributes
themselves. Net environmental benefit analysis and similar tools are useful for meeting this challenge because the foundation rests on traditional
cost-benefit analysis and uses the basic elements of good regulatory
economic analysis: (a) definition of the need for a proposed action; (b)
definition of baseline against which to measure the likely ecological,
economic, and social consequences of the proposed action; (c) identification of alternative approaches; and, (d) evaluation of the quantitative
and qualitative benefits and costs of the proposed action and plausible
alternatives. Practical applications of environmental accounting tools to
inform remediation and restoration work will be described using case
studies related to environmental restoration of contaminated waterways
and coastal areas affected by chemical contamination, human use, and
climate change. These case study examples illustrate the importance of
comprehensive evaluation of costs, benefits, and services, and the opportunity provided by available environmental accounting tools to measure
and communicate the efficiency of environmental activities.
RP005 Will access to mitigation bank restoration credits result in the
efficient resolution of natural resource damage claims?
M. Johns, L. Saban, R.G. Gouguet, Windward Environmental, LLC
The concept of having credits available from a restoration bank that can
be used to resolve a company’s natural resource damage (NRD) liability
should be relatively straight forward and early banks were based on the
mitigation banking models used for wetland mitigation. The development
of restoration banks has been particularly active in the Pacific Northwest,
where restoration banks of varying sizes and types have been developed,
or are being developed, near all of the large contaminated sediment sites.
The advent of restoration banks offers a unique way to offset liabilities,
and improve ecological function at scales not possible when companies
settle claims through the development of individual restoration projects.
Access to restoration credits from a restoration bank opens opportunities for both the public and potentially responsible parties. Potentially
responsible parties have a mechanism for obtaining the credits needed to
resolve all NRD claims efficiently by reducing transaction costs typically
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associated with the NRD assessment process, and provide the public with
restoration projects that improve ecological service flows sooner and at
a larger scale. Purchase costs for a discounted service acre year (dsay) of
credit in the Pacific Northwest currently ranges from $10,000/dsay (in
largely agricultural lands of the Snohomish River Delta) to $135,000/dsay
(in tidal wetland areas in urban areas), with real estate prices largely overwhelming other costs associated with restoration bank development. This
presentation will cover some of the important aspects of how restoration
banks are being structured, how to get the most in terms of ecological lift,
the process for certifying that a restoration project can be used to offset a
NRD claim, and how banks are financed.

Environmental Fate, Transport and Modeling
of Agricultural Chemicals
RP006 Effects of environmental factors on neonicotinoid degradation
M.M. McManus, Texas Tech Univ / TIEHH / Environmental Toxicology;
A.M. Cano, S. Deleon, J.D. Maul, J.E. Cañas-Carrell, Texas Tech Univ /
Dept of Environmental Toxicology
Exposure of non-target aquatic species to neonicotinoids is an increasing
concern given the high solubility of this pesticide class. Although neonicotinoid compounds rapidly photodegrade in laboratory experiments,
the impact of environmental factors on degradation have yet to be fully
quantified and modeled in one complex system. Environmental factors expected to have the most influence on degradation will be assessed
(turbidity, pH, dissolved organic carbon (DOC), and temperature). It is
important to understand how these factors affect photodegradation in
natural waters, so that aquatic organism exposure can be fully evaluated.
The impacts of turbidity, pH, temperature, and DOC are being assessed
both independently and in a full factorial design to determine how factor
interaction affects degradation of three common neonicotinoid pesticides,
clothianidin, thiamethoxam, and imidacloprid. Samples are taken at
specific time intervals and analysis done by LC-MS. Evaluation of environmental factor influence will be done by multiple regression modeling.
This ongoing study will provide valuable information on degradation and
persistence of neonicotinoids under environmentally realistic conditions.
RP007 Inter-compartmental transport of organophosphate and
pyrethroid pesticides in South China: Implication for a regional risk
assessment
H. Li, Y. Wei, Guangzhou Inst of Geochemistry / Chinese Academy of
Sciences; J. You, Guangzhou Inst Geochem, Chin Acad Sci / State Key
Laboratory of Organic Geochemistry
The dynamic flux of an organophosphate and four pyrethroid pesticides
was determined in an air-(soil)-water-sediment system based on monitoring data from Guangzhou, China. The total air-water flux, including
air-water gaseous exchange and atmospheric deposition, showed deposition from air to water for chlorpyrifos, bifenthrin and cypermethrin, but
volatilization for lambda-cyhalothrin and permethrin. The transport of
the pesticides from overlying water to sediment suggested that sediment
acted as a sink for the pesticides. Additionally, distinct annual atmospheric depositional fluxes between legacy and current-use pesticides
suggested the role of consumer usage in their transport throughout
the system. Finally, pesticide toxicity was estimated from annual airwater-sediment flux within an urban stream in Guangzhou. A dynamic
flux-based risk assessment indicated that inter-compartmental transport of chlorpyrifos decreased its atmospheric exposure, but had little
influence on its aquatic toxicity. Instead, water-to-sediment transport of
pyrethroids increased their sediment toxicity, which was supported by
previously reported toxicity data.
RP008 Joint toxicity of thiamethoxam and propiconazole to
Lumbriculus variegatus and Chironomus riparius
V. Carrasco Navarro, Univ of Eastern Finland / Biology
Neonicotinoid insecticides are the most widely used insecticides worldwide and have been on the spot recently due to the apparent toxic effects

caused to bees. As a consequence, their use was restricted to a great extent
in the EU for two years. The neonicotinoid insecticides that have been
on the spot are clothianidin, imidacloprid and thiamethoxam. Although
neonicotinoids are intended to treat crops from pests, a high proportion of
the insecticide may leach to the surface waters after application, as their
solubility is high. They have been detected in environmental waters from
around the World, including Finland. Although they allow a faster and
healthier growth of crops by aiming at pests, neonicotinoids can be toxic
also to non-target organisms, for example, the presence of imidacloprid
has been related to a decrease in the population of aquatic invertebrates.
It is known that neonicotinoids may be toxic to non-target organisms, but
information about the toxicity of these insecticides in combination with
other compounds is scarce. The present study presents the toxicity caused
by the common fungicide propiconazole and the neonicotinoid thiamethoxam, using Lumbriculus variegatus and Chironomus riparius as model
organisms. Both pesticides were found in Finnish waters in previous
water analyses, making the laboratory study closer to what occurs in the
water environment. The worms were exposed in sediment for seven days
to propiconazole in different concentrations with and without thiamethoxam. The results show that the addition of thiamethoxam has a negative
effect in the reproduction of L. variegatus. However, no statistical
decrease in biomass of worms were observed. Additionally, thanks to the
environmental monitoring of some Finnish rivers by passive sampling, the
concentrations of neonicotinoids have been found. The levels of neonicotinoids found in Finnish waters would imply a risk to C. riparius, according
to the calculation of the Hazard Quotients (HQ ) for these concentrations
and species. The laboratory experiments with C. riparius will determine
the accuracy of such estimations.
RP009 Moving Towards a Probabilistic Analysis of Wildlife
Exposure to Treated Seed in Risk Assessment
M. Wagman, E.W. Odenkirchen, F. Farruggia, N. Mastrota, H. Zhong,
M.L. Wait, B. Anderson, K.V. Garber, USEPA / Office of Pesticide Programs
Environmental Fate and Effects Division
USEPA risk assessments include analysis of both dietary and dose-based
risk for terrestrial wildlife consuming pesticide treated seeds. Current
risk assessment methodology uses a deterministic approach to compare
toxicity to exposure estimates in Tier I (screening level) assessments and
determine whether there is a potential risk to wildlife consuming those
treated seeds. Here, we present an additional approach to consider the
risk posed by seed treatments based on the probability of an individual
animal consuming sufficient treated seed to trigger a level of concern
using a binomial cumulative distribution function. Parameters are
chemical-specific (LD50s and NOAECs), receptor-specific (seed ingestion rates and gleaning efficiency) and exposure-based (seeding rates and
depth of seed incorporation based on pesticide labels). This approach
varies exposures due to availability of treated seed and untreated seed in
the “seed bank.” Risk is characterized by determining the foraged area
of concern and foraged time of consumption to concern compared with
estimations of home ranges and proportional daily foraging limitations.
Assumptions and considerations for further refinements and integration
with other Tier I and higher Tier USEPA models is presented.
RP010 Occurrence of Neonicotinoid Pesticides in Urban Wastewater
Infrastructure
A. Sadaria, Center for Environmental Security; S. Supowit, Arizona State
Univ / Global Security Initiative; R.U. Halden, Arizona State Univ /
Center for Environmental Security
Neonicotinoids are a group of halogenated insecticides used for seed
treatment in industrial agriculture, lawn treatment, and canine and feline
flea treatment. Recently, these compounds have been shown to negatively
affect non-target invertebrate species and associated predators, and also
have been identified as chemicals of concern in the global collapse of
honeybee colonies. The objective of this study was to evaluate the fate
and transport of six high-production-volume neonicotinoids through a
municipal wastewater treatment plant and an engineered wetland immediately downstream. An array of automated samplers was deployed at a
conventional wastewater treatment plant in Arizona, and programmed
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for flow-weighted sampling. Following a five-day monitoring campaign,
resultant samples were subjected to solid phase extraction/elution and
analysis of extracts by liquid chromatography tandem mass spectrometry
(LC-MS/MS). Among the six neonicotinoids targeted, clothianidin
was detected only inconsistently in the WWTP and wetland (>2 to 288
ng/L; 60% detection frequency), whereas thiamethoxam (< 2 ng/L),
thiacloprid (< 2 ng/L), and dinotefuran (< 100 ng/L) were not detected
at all. Obtained detections showed concentrations of imidacloprid in
plant influent and treated effluent in the range of 45-55 ng/L, acetamiprid concentrations were comparatively lower, between 1-10 ng/L. A
mass balance over a complete conventional wastewater treatment train
indicated insignificant (p = 0.09) removal of imidacloprid, and approximately 50% aqueous removal of acetamiprid. In the constructed wetland
downstream, a lack of removal was noted for both imidacloprid and acetamiprid. Results of this study identified imidacloprid and acetamiprid
as recalcitrant neonicotinoids that occur and persist in wastewater and
urban wetlands to enter natural surface waters at potentially harmful
concentrations.
RP011 Organophosphate Pesticides, Surface Water, and California
Agriculture
A.N. Patton, ChemRisk; D. Saah, Univ of San Francisco
The state of California has a vast agricultural output, with approximately
10,000,000 acres devoted to growing crops. In order to manage the
productivity and quality of the fields, pesticides and herbicides are often
applied. Environmental sampling has shown that these agricultural
chemicals disperse into the environment, often through surface water.
The purpose of this study, therefore, was to geospatially analyze the relationship between the joint presence of agricultural areas and pesticides.
This study focused on four organophosphate pesticides recently reclassified by IARC; diazinon and malathion were classified as 2A, “probably
carcinogenic to humans,” and parathion and tetrachlorvinphos, as 2B,
“possibly carcinogenic to humans”. Given the potentially carcinogenic
nature of these compounds, as well as their possible links to other serious
adverse effects, understanding how they enter the environment is of high
importance. The combination of surface water environmental sampling,
agricultural use data, and hydrology data were evaluated using ArcGIS
10.3 to characterize the environmental presence of these pesticides and
their potential impact on surface water. The California Environmental
Data Exchange Network (CEDEN), an online water quality database,
provided geocoded sampling results for various pesticides in California
surface water. The USGS National Hydrography Dataset (NHD)
provided detailed surface water mapping, and the USDA Crop Data
Layer (CDL) provided data as to the location and area of cropland. We
created a 20 mile buffer along the path of the NHD from each positive
pesticide sampling point. Within that buffer, using the CDL, the area
for each crop and the percent of the area by crop was determined. Within
20 miles along the NHD from sampling points with results greater than
the limit of detection, 22% of the area was grass, 22% cotton, and 13%
flowering crops for diazinon, 28% grass, 27% cotton, and 15% rice for
malathion, 50% grass, 36% cotton, and 5% rice for parathion, and 54%
grass, 24% cotton, and 11% flowering for tetrachlorvinphos. Based on
these results, it appears that diazinon, malathion, parathion and tetrachlorvinphos are most likely to appear in surface water within proximity
of grass and cotton fields, compared to other types of crops. While this
does not prove that these fields are where the pesticides originated, it
does suggest further research on the subject is warranted.
RP012 Pesticide sediment partitioning and exposure modeling
B.M. Marsh, Louisiana State Univ / Environmental Sciences; K. Armbrust,
Louisiana State Univ / Environmental Sciences School of the Coast and
Environment
Current regulatory exposure modeling scenarios assume pesticides will
evenly distribute through the top 5 cm of sediment after entering an
aquatic system, however it is possible this overestimates the mass loading of chemical to sediment. Freshwater pond tests have been designed
using Savillex Teflon tubes partially filled with soil and light water flow
in order to simulate partitioning behavior under freshwater pond or
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estuarine conditions. Sediment extractions are currently performed using
a Buchi Speed Extractor and chemical residues are measured using an
Agilent 1260 Infinity HPLC system. Testing has shown recoveries ranging from 39.61% - 50.21%. Methods are still being developed in order to
maximize recovery before continuing with fresh water pond simulations.
Extraction recoveries are being refined for 2,4-D, quinclorac, bentazon,
flutolanil, bifenthrin and cypermethrin, which encompass a wide range
of solubility and sediment sorption physical properties. The completion
of this project will allow for better predictions of pesticide exposure for
benthic communities.
RP013 Photodegradation of 2,6-dichloro-4-nitroaniline (DCNA) in
Freshwater and Saltwater
E.N. Vebrosky, Louisiana State Univ / Dept of Environmental Sciences;
K. Armbrust, Louisiana State Univ / Environmental Sciences School of the
Coast and Environment
The salinity of seawater can influence both the overall rate of degradation
of chemicals and impact the distribution and types of photoproducts. The
photodegradation of the fungicide 2,6-dichloro-4-nitroaniline (DCNA)
was measured in both distilled water and simulated seawater to determine
the degree of differences of the degradation rate and product distribution. Solutions of DCNA at a concentration of 1 ppm were prepared and
irradiated for 24 hours in an Atlas SUNTEST XXL+ photochamber that
mimics the wavelength distribution and intensity of sunlight. Samples
were withdrawn at 2, 4, 6, 12, and 24 hours for analysis and analyzed for
residual DCNA using an Agilent 1260 Infinity High Performance Liquid
Chromatograph. Products including the small aliphatic acids succinic
acid, maleic acid, fumeric acid, and oxalic acid as well as nitrate, nitrite,
bromide, and chloride were measured using a Thermo Dionex ICS-5000+
Ion Chromatograph. The half-life of DCNA was calculated to be 7.6
hours and 8.2 hours respectively in distilled water and simulated seawater.
Preliminary analysis of degradation products including chloride and
nitrate suggested DCNA is degraded via photonuclephilic substitution
processes. Further analysis is needed to determine if differences in salinity
impact the distribution of observed products.
RP014 Quantum yields for direct photolysis of neonicotinoid
insecticides in water: Implications for exposure to non-target aquatic
organisms
Z. Lu, Environment Canada / Aquatic Contaminants Research Division
Canada Centre for Inland Waters; J.K. Challis, Univ of Manitoba /
Chemistry; C.S. Wong, Univ of Winnipeg / Richardson College for the
Environment
Environmental fate processes of neonicotinoid insecticides are of
significant interest, given the serious threats these chemicals can pose
to non-target organisms such as pollinators (e.g., bees). Direct photolysis was investigated using a laboratory photoreactor approximating
full-spectrum sunlight to predict the aquatic fate of neonicotinoids.
Quantum yields (?c) were 0.019±0.001, 0.013±0.001, 0.0092±0.0005,
0.0022±0.0003 and 0.0013±0.0002 for thiamethoxam, clothianidin,
imidacloprid, acetamiprid and thiacloprid, respectively. Based on these
values, estimated half-lives were 0.2-2 days for different seasons in
surface waters at temperate latitudes for thiamethoxam, consistent with
the 0.98 day half-life observed experimentally outdoors at Winnipeg,
Manitoba, Canada (50°N) for thiamethoxam in summer. Light attenuation through shallow clear surface waters indicated that photolysis of
thiamethoxam at depths greater than 8 cm was negligible. A number of
new photoproducts were found, while others were found consistent with
previous reports of direct photolysis at non-environmentally relevant
wavelengths. These results suggest that direct photolysis is a major and
rapid removal mechanism of thiamethoxam, clothianidin and imidacloprid in surface waters, whereas acetamiprid and thiacloprid are relatively
stable toward sunlight degradation in aquatic systems. However, light
screening in surface waters e.g., by natural organic matter may reduce
photolytic removal of neonicotinoids, and may help explain reports of
their environmental persistence.
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RP015 Tissue distribution of organochlorine pesticides (OCPs) in
largemouth bass (Micropterus salmoides): Case studies with a single
oral dose and wild fish
V. Dang, K.J. Kroll, Univ of Florida / Physiological Sciences; S. Supowit,
Arizona State Univ / Biodesign CES; R.U. Halden, Arizona State Univ /
The Biodesign Inst Center for Environmental Security; N.D. Denslow, Univ
of Florida / Physiological Sciences
Among agrochemicals, organochlorine pesticides (OCPs) still pose
significant threats to ecosystems and human health due to their persistency, toxicity, and bioaccumulation. Food chain transfer is often a
major pathway for uptake of OCPs by top predators like fish, but tissue
distribution of chemicals is less well investigated. In this research,
we administered male largemouth bass (Micropterus salmoides) with a
mixture of two OCPs (p,p’-DDE and dieldrin) by a single oral dosing.
Different tissues and organs including gastrointestinal (GI) tracts, liver,
bile, gonad, muscle, brain, spleen, and kidney were collected 30 days
after dosing for chemical analysis. Result from chemical analyses of
tissue composition were also compared to chemical distribution in bass
collected from Lake Apopka, FL, which historically has been contaminated with OCPs. Contaminant concentrations were analyzed by gas
chromatography/tandem mass spectrometry (GC-MS/MS). Results
showed that p,p’-DDE and dieldrin were detected in collected tissues and
organs after 30-d gavage. High concentrations of residues were measured
in the GI tract and bile representing 44% and 26% of the total chemical residue, respectively, while kidney, brain, and muscle were showed
less bioaccumulation of chemicals. Fish collected from Lake Apopka
continue to be contaminated with OCPs including aldrin, hexachlorocyclohexane (HCH), p,p’-DDD, and p,p’-DDE. Other pesticides (e.g.,
dieldrin, chlordane, methoxyclor, heptachlor, and endosulfane) were
below the limit of detection. Concentrations of p,p’-DDE were the highest (9 – 197 µg/kg wet weight), contributing from 57 – 93% of the total
OCPs in tissues analyzed for. In addition, brains were the predominant
tissue for OCP bioaccumulation in Apopka fish in contrast to the gavage
study where the highest concentrations were found in the GI tract, suggesting that wild fish bioaccumulate contaminant loads through multiple
pathways from chronic exposures that are difficult to simulate in the lab.
This study provides insight into the fate of agrochemicals in fish that are
exposed to different levels of contamination.
RP016 Unsaturated column for evaluation of pesticide behavior in soil
L. Gui, Health Canada PMRA; R.W. Gillham, Univ of Waterloo / Dept
of Earth and Environmental Sciences; I. Kennedy, Health Canada Pest
Management Regulatory Agency / Environental Assessment Directorate
In evaluating the potential for environmental exposure to pesticides,
regulatory agencies rely on parameters derived from laboratory soil degradation and equilibrium sorption studies. These studies are conducted as
batch experiments, using small amounts of soil. The static conditions in
the batch study do not allow dynamic exchange of air, moisture or nutrient supply. Further, degradation and sorption are evaluated separately.
Field dissipation studies, on the other hand, are conducted in a more
realistic environment, but under uncontrolled conditions and include
processes besides sorption and degradation. These two types of studies
often produce differing results which can be attributed to the basic design
of the experiments: controlled but static in the laboratory or uncontrolled
but dynamic in the field. An option to bridge the two is an unsaturated
soil column which allows evaluation of combined effects of sorption and
degradation under dynamic flow conditions in the presence of a continuous gas phase, as is normally the case in natural surface soils. We designed
an unsaturated soil column which has several unique features. The column
contains two series of ports on opposite sides along the length of the
column. By applying a controlled air pressure to the side ports, the pressure head and thus the water content within the soil can be maintained
constant over time. Furthermore, by applying a downward unit hydraulic
gradient, the water content within the column is spatially uniform. The
design allows uniform aerobic conditions to be maintained in the column.
It allows periodic sampling of both the gas phase and the solution phase,
allowing calculation of mass balances. In addition, because the pressure
head is maintained using a positive gas-phase pressure, there are no

chambers or components under negative pressure and both addition and
collection of solution proceed at atmospheric pressure. The column design
was tested with a non-reactive tracer for a period of three months at an
unsaturated flow rate of approximately 5 cm per day. Results showed that
the unsaturated hydraulic conductivity was reasonably steady and can be
easily maintained. The breakthrough curve of the tracer was fairly symmetrical, as predicted by theory, with a remarkably good mass balance.
The approach has a great potential to be used to bridge gaps between the
laboratory batch studies and field experiments.
RP017 Mitigation strategies for reducing aquatic toxicity from
organophosphate pesticides in cole crops
B.M. Phillips, B.S. Anderson, J.P. Voorhees, J. Rego, K. Siegler, Univ of
California - Davis / Dept of Environmental Toxicology; M. Cahn, Univ
of California Davis / UC Cooperative Extension; K.S. Goh, R. Budd,
California EPA / Dept of Pesticide Regulation; R.S. Tjeerdema, Univ of
California - Davis / Environmental Toxicology
Agriculture runoff containing high loads of the organophosphate
pesticide chlorpyrifos has led to impaired water body listings and Total
Maximum Daily Load restrictions in California’s central coast watersheds. Chlorpyrifos use is now tightly regulated by the Central Coast
Regional Water Quality Control Board. The California Dept of Pesticide
Regulation and UC Davis have completed a two-year study of treatments designed to reduce chlorpyrifos in runoff. Year 1 trials evaluated
the efficacy of three different ditch installation treatments individually:
compost filters, granulated activated carbon filters, and native grasses in
a vegetated ditch. Treatments were compared to bare ditch controls, and
experiments were conducted at a 2 L/s flow rate. Chlorpyrifos concentrations and toxicity to Ceriodaphnia dubia were measured at the input
and output of the system. Input concentrations of chlorpyrifos ranged
from 858 ng/L to 2840 ng/L. Carbon filters and vegetation provided
the greatest load reduction of chlorpyrifos (99% and 90%, respectively).
Toxicity was completely removed in only one of the carbon trials. Year 2
trials evaluated an integrated approach combining all three treatments.
Three trials were conducted each at 3.2 L/s and 6.3 L/s at input concentrations ranging from 282 ng/L to 973 ng/L. Chlorpyrifos loadings were
reduced by an average of 98% at the low flow rate and 94% at the high
flow rate. Final chlorpyrifos concentrations ranged from non-detect (< 50
ng/L) to 82 ng/L. Toxicity to C. dubia was eliminated in three of the six
integrated trials. Future work includes investigating the total adsorption
capacity of granulated activated carbon, costs associated with carbon
disposal, real-world field trials, and additional trials with more watersoluble pesticides such as neonicotinoids.
RP018 Ecological Risk Assessment for Aquatic Invertebrates
Exposed to Imidacloprid Part B: Effects Metrics and Risk
Characterization
M. Whitfield Aslund, Univ of Toronto; D. Moore, Intrinsik Environmental
Sciences, Inc; M.F. Winchell, Stone Environmental, Inc. / Environmental
Systems Modeling; S.P. McGee, Bayer CropScience LP / Environmental
Health Sciences; L.M. Bowers, Bayer CropScience / Environmental Safety
A probabilistic ecological risk assessment (ERA) was conducted to determine the potential effects of acute and chronic imidacloprid exposure on
aquatic invertebrates in the United States. Aquatic exposure estimates
were derived using a higher tier refined modeling approach that accounts
for the actual variability in environmental and agronomic factors (e.g.,
pesticide application date, weather, soils and slope, use site proximity
to water bodies, and percent cropped area). Toxicity was assessed using
refined acute and chronic community-level effect metrics for aquatic
invertebrates (e.g., species sensitivity distributions or SSDs) developed
using the best available data. Final acute and chronic probabilistic risk
characterizations were determined by integrating the exposure distributions for different use patterns with the SSDs and other effects metrics to
generate risk curves that plot cumulative probability of exceedance versus
the magnitude of effect. This presentation reviews the development of
the refined effect metrics and summarizes the results of the risk characterization from the modeling line of evidence. Other lines of evidence
such as surface water monitoring results will also be presented as part of
a weight-of evidence assessment.
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The Continuing Evolution of Sediment
Toxicity Methods and Data Interpretation
RP019 Method Refinements for the Midge, Chironomus dilutus, Lifecycle Test
T.J. Norberg-King, T.L. Highland, R. Hockett, D.R. Mount, USEPA /
ORD NHEERL Mid-Continent Ecology Division
Larval stages of non-biting midges can be found in almost any freshwater ecosystem, and one of the commonly tested midges is Chironomus
dilutus (Chironomidae, Diptera) which is used for toxicity testing and
ecological risk assessment of freshwater contaminants. USEPA, ASTM,
Environment Canada, and OECD have published standard methods
describing the sediment toxicity tests with various species of midges.
USEPA/ASTM’s current guidelines (2000) provide procedures for a
midge life-cycle test that begins with newly hatched C. dilutus larva (~1-4
h after hatching free from egg mass). However, since the method was
first published, many laboratories have observed wide variability in control survival across tests and many tests have not met the ≥70% control
survival requirement. We are pursuing experiments to better understand
the variability in control survival, and to explore techniques that will
improve control performance. One line of experimentation is to compare
the performance of 1-4 h old larvae and 3-4-day old larvae in natural
sediment or quartz sand. Previous studies have indicated a difference
in sensitivity between between < 1-h old and 8-d old larvae for certain
toxicants; we are interested in whether use of 4-d-old midge might
improve typical control survival while retaining some of the greater
toxicant sensitivity observed with younger organisms. This abstract does
not necessarily reflet USEPA pollicy.
RP020 Age-related sensitivity of three common sediment assay
organisms exposed to a representative pyrethroid insecticide
M.J. Bradley, Smithers Viscient / Sediment Toxicology; C.R. Picard,
Smithers Viscient / Sediment and Plant Ecotoxicology
Complementary chronic and sub-chronic (10-day) standardized test
methods exist for three common sediment assay species; the freshwater
midge Chironomus dilutus, the freshwater amphipod Hyalella azteca, and
the estuarine amphipod Leptocheirus plumulosus. For chronic methods, a
younger cohort of organisms is often recommended for use at exposure
initiation. Industry experience suggests, however, that the use of these
younger organisms can lead to variable biological performance, which
results in a lack of statistically robust data, or data which do not meet
acceptance criteria, commonly related to survival. Generally, improved
laboratory success rates are observed when older organisms are used to start
an exposure, such as in sub-chronic exposures, which can be attributable
to an increased ease of handling and selection of hardier organisms. It is
postulated, however, that organism sensitivity to a contaminant of concern
may be lost when utilizing older organisms. Additionally, sub-chronic
methods allow for a wide organism age range at exposure initiation, which,
if sensitivity is related to age, could consequently lead to ambiguity across
individual exposures. Our study looks at the sensitivity of these three
species, relative to survival and growth, when exposed to a representative pyrethroid insecticide in different age groupings. The purpose of this
study is to determine if observed toxicity and variability between replicates
or treatments is affected by age at the start of exposure. If so, it will be
assessed whether reducing variability or potentially increasing physical
sensitivity is more valuable to determining exposure endpoints.
RP021 An evaluation of endpoint sensitivity for benthic invertebrate
chronic toxicity tests
J. Gates, Waterborne Environmental, Inc. / Ecotoxicology; T. Valenti,
Syngenta Crop Protection LLC; M.A. Cafarella, Waterborne
Environmental, Inc / Ecotoxicology; B. Sharma, FMC Corp Global
Regulatory Sciences; M.J. Bradley, Smithers Viscient / Sediment Toxicology;
A. Samel, DuPont Crop Protection / Ecotoxicology; J.P. Staveley, Exponent;
S.P. McGee, Bayer CropScience LP / Environmental Health Sciences; M.
Habekost, BASF SE; H. Krueger, Wildlife International
On October 26, 2007, sediment toxicity testing with benthic aquatic
invertebrates became a conditional requirement
as part of the Office
th
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of Pesticide Program’s ecological effects data requirement contained in
40 CFR Part 158 Subpart G. This action led to efforts to improve the
consistency of test performance and streamline chronic life-cycle test
methods with benthic invertebrates. A focal area of discussion pertaining to these efforts included critically evaluating the relative sensitivities
of required test endpoints within tests and among tests with different
species as well as the utility of specific endpoints for defining biological
thresholds of effects associated with contaminant exposure. To provide
clarity in these pursuits, it is also important to consider variability within
control responses as the value of monitoring more sensitive endpoints
may be muted by reduced statistical power due to high variability within
some endpoints (perhaps associated with natural biological variability).
In addition to exploring relative endpoint sensitivity, determining possible data redundancy associated with endpoint overlap is also critical for
improving confidence for defining effects threshold based on these test
endpoints and may also help manage laboratory resources. The Sediment
Subcommittee of Crop Life America has compiled detailed data from
chronic sediment toxicity tests with Chironomus dilutus, Hyalella azteca
and Leptocheirus plumulosusbased on current USEPA draft test guidelines
and this presentation provides an overview of the data analysis for these
species. Key findings from this data evaluation will be reported in this
presentation, along with recommendations for streamlining endpoints.
RP022 Evaluating the toxicity of Southeastern USA stream sediments
with Hyalella azteca, Chironomus dilutus, and Lampsilis siliquoidea
N.E. Kemble, USGS / Biological Resources Division; J.P. Hughes, C.G.
Ingersoll, USGS / Columbia Environmental Research Center; P.W. Moran,
USGS / Washington Water Science Center; P.C. Van Metre, USGS / Texas
Water Science Center; L.H. Nowell, USGS / California Water Science Center
As part of the US Geological Survey’s National Water-Quality
Assessment Program (NAWQA), a total of 76 sediment samples representative of urban and agricultural land use were collected in the summer
of 2014 to be evaluated under the Regional Stream Quality Assessment
project. Relationships between biological conditions and concentrations
of contaminants, metals, pesticides, PAHs, nutrients, and sediment
in streams and rivers of the Southeastern Region (AL, GA, NC, SC,
VA) of the United States were evaluated by conducting whole-sediment
toxicity tests. The sediments were tested in two rounds in accordance
with ASTM and USEPA methods for conducting sediment toxicity tests with the amphipod Hyalella azteca (28-d exposure), the midge
Chironomus dilutus (10-d exposure), and the mussel Lampsilis siliquoidea
(fatmucket; 28-d exposure). Toxicity endpoints included survival, weight,
and biomass. Mean control survival at the end of the exposures met test
acceptability criteria. Statistical comparison to the control identified 64%
of the sediments (49 of 76 sites) as toxic to at least one of the test species,
as determined by a significant reduction of at least one endpoint relative
to the control sediment. Amphipod exposures identified 32% (24 of 76
sites) of the sediment samples as toxic. Midge exposures identified 18%
(14 of 76 sites) of the sediments as toxic. Mussel exposures identified 42%
(32 of 76 sites) of the sediments as toxic. Ongoing efforts include development of a reference envelope approach to compare organism response
to reference sediments, comparisons between sediment toxicity and sediment chemistry, along with comparisons of the Southeastern Region will
be presented. Comparison of results in the 2014 study will be compared
to other NAWQA sediment toxicity surveys conducted in the Midwest
Region in 2013 in Urban Gradients in 2007.
RP023 Evaluation of sediment chemistry and sediment toxicity in
wadable streams of the Midwestern US
P.W. Moran, USGS / Washington Water Science Center; L.H. Nowell,
USGS / California Water Science Center; N.E. Kemble, USGS / Biological
Resources Division; B.J. Mahler, USGS / Water Mission Area; C.G.
Ingersoll, USGS / Columbia Environmental Research Center
Pollutants in streambed sediments are potential stressors to benthic
organisms, yet sediment-quality benchmarks for interpreting concentrations of current pollutants are limited, particularly for pesticides. Given
this, development of additional benchmarks using spiked sediment bioassay data and paired sediment chemistry, sediment toxicity tests and
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benthic macroinvertebrate samples are needed; and presented here. These
endpoints were evaluated at 99 wadable stream sites in in the Midwestern
‘Corn Belt’ of the US in 2013 by the US Geological Survey’s National
Water Quality Assessment Program. The sediments were tested with
ASTM and USEPA standard methods for sediment toxicity tests with
the amphipod Hyalella azteca (28-d exposure), the midge Chironomus
dilutus (10-d exposure), and at a limited number of sites, with the mussel
Lampsilis siliquoidea (fatmucket; 28-d exposure). This evaluation considers the extensive suite of chemistry collected at these sites, including
relevant benchmarks, and their relationship to observed toxicity and
benthic macroinvertebrate assemblages. In general, toxicity, defined
as significantly reduced performance in the toxicity test relative to the
control (Barlett’s 1-way ANOVA, p-value < 0.05) for one or more of the
many species-endpoints evaluated, occurred at nearly one-third of the
sites. However, sediment concentrations, on an organic carbon normalized basis, rarely exceeded Probable Effect Concentrations (PECs) or,
recently developed by the authors, High Effect Benchmarks (HEBs) for
current-use pesticides in sediments. The exceedance of a PEC or HEB
(6% of sites), correctly predicted toxicity half the time. Multivariate and
multiple regression models addressing the suite of species endpoints
responding, explained less than 40% of the variability in overall toxicity
pattern. These models included both watershed land use variables, such as
open water and wetlands, and chemistry, namely bifenthrin and the sum
of HEB quotients for current-use pesticides. Models based only on sediment chemistry had lower explanatory power. The likelihood of exceeding
toxicity benchmarks and sediment toxicity test results are compared and
contrasted with marcroinvertebrate assemblages co-located at these sites.
RP024 Comparison of effects to embryos of fresh and salt water
medaka using new toxicity test with real sediments
S. Uno, Kagoshima Univ / Faculty of Fisheries; K. Emiko, Kagoshima Univ
/ Education and Research Center for Marine Resources and Environment;
M. Kawano, Kagoshima Univ / Faculty of Fisheries; A.E. McElroy, Stony
Brook Univ / School of Marine and Atmospheric Sciences; J. Koyama,
Kagoshima Univ / Faculty of Fisheries
Many kinds of chemicals have been discharged into environments
through human activities, carried ocean with rainfall, influx of river
water, and directly setting from atmosphere, and settled sediments.
Despite being habitats of numerous species of aquatic organisms, we have
only poor data for toxicities of real sediments, because few organisms
can be inhabit sediment without upper water, and it’s difficult to know
the direct toxicities of sediments. We consider that sediments composed of soil and pore water, and established to rearing method for fresh
water medaka (Oryzias latipes, Japanese medaka) and salt water medaka
(Oryzias javanicus, Java medaka) embryos in the composition in order to
evaluate toxicities of sediments. In present study, effects of sediments,
collected from Tokyo Bay, Japan, to embryos of two species of Oryzias
were examined with our new toxicity tests, and compared between
Japanese and Java medaka. Sediments were collected from 7 sites at
Tokyo Bay, sifted with 1 mm mesh, and then dried for 72 hours. Dried
sediments were washed with embryo raring mediums (ERMs, =pore
water) for Japanese or Java medaka, removed extra ERMs with centrifugation, and set into glass petri dish. Two petri dishes at one site were
established. Fifteen embryos were prepared, half of them were embedded in sediment, and incubated at 23°C for 7 days for Japanese medaka,
and 27°C for 12 days for Java medaka (=exposures to “sediments”). Both
exposure periods to two species of medaka depended on the periods
until their hatching. Control group was also established using silica sand.
After exposures in each sediments, embryos were transferred to each one
embryo/well into 96 well plates for the examination of effects such as
mortality, hatching rate, growth rate and malformation rate. As a result,
sediments at two sites in Tokyo Bay caused slight decreases of hatching
rates with 90% and also delays of hatch. Another site was observed only
delay of hatch compared with control. On the other hand, Java medaka
tend to receive more serious effects to sediment exposure than Japanese
medaka. Especially, Java medaka were found some mortalities in sediments at a few sites, although mortalities of Japanese medaka were very

few in sediments at every sites. These interspecific difference could be
resulted from their differences of sensitivities to chemicals in sediments
and/or periods until hatch (=exposure period).
RP025 Effects of sediments collected from real environment to
Japanese medaka (Oryzias latipes) embryos
K. Emiko, Kagoshima Univ / Education and Research Center for Marine
Resources and Environment; M. Kawano, Kagoshima Univ / Faculty
of Fisheries; A.E. McElroy, Stony Brook Univ / School of Marine and
Atmospheric Sciences; J. Koyama, S. Uno, Kagoshima Univ / Faculty of
Fisheries
Chemicals as pesticides, heavy metals and oil discharged in human activities have been carried ocean by river, atmosphere, and rain, and finally
settled sediments with particulate. Despite being habitats of numerous
species of aquatic organisms, sediments are likely to accumulate a lot
of chemicals to be residue for long period. Some chemicals are often
residues with higher concentrations in sediments than those in water,
and could seriously affect to benthic organisms. Therefore, the toxicities
of sediments need to know, but it’s difficult to examine simply the effects
of sediments to aquatic organisms, because few organisms can be inhabit
sediment without upper water. We consider the sediments composed
of soil and pore water, and established to rearing method for Japanese
medaka embryo in the composition in order to evaluate toxicities of
sediments. In present study, effects of sediments, collected from 7 and
6 sites in Tokyo and Osaka Bays, respectively, Japan, to embryos were
examined with our evaluation method. Because medaka embryos can be
easy to be kept the condition, and already known that they are sensitive to chemical toxicities, we could easily evaluate the effects and know
present condition in sediments at individual sites with our examination.
Sediments were sifted with 1mm mesh, and then dried for 72 hours.
Dried sediments were washed with embryo raring medium (ERM, =pore
water) contained 0.6% NaCl, removed extra ERM with centrifugation,
and set into glass petri dish with 35 mm in diameter. Two petri dishes at
one site were established. Fifteen embryos were prepared, half-length of
them were embedded in sediment at evenly spaced apart, and incubated
at 23°C for 7 days (=exposures to “sediments”). After 7 days from starting exposures, embryos were transferred to each one embryo/well into 96
well plates for the examination of the mortality, hatchability, growth rate
and malformation rate. As a result of above examinations, sediments at
two sites in Tokyo Bay caused slight decreases of hatchability with 90%
and also delays of hatch. Another site was observed only delay of hatch.
On the other hand, sediments at 4 sites of Osaka Bay were decrease of
hatchability with below 90%, and all sites caused delays of hatch. These
effects were not found clear correlation with concentrations PAHs, heavy
metals, and organic carbons in sediments, and could be caused by other
unknown chemicals or combined impacts of chemicals.

Bioaccumulation in Management and
Regulation
RP026 Development of a Bioaccumulation Model for DDTs in a
Pelagic Food Web
J. Arblaster, Ramboll ENVIRON; J.M. Conder, Geosyntec Consultants; E.
Bizzotto, F. Santoro, Ramboll ENVIRON; F. Gobas, Simon Fraser Univ /
School of Resource and Environmental Management Faculty of Environment
A bioaccumulation model was developed for a pelagic food web in a subalpine lake, to evaluate natural recovery of total DDTs in two species
of fish – Coregonus sp. and Alosa sp. DDT concentrations in target fish
species were modeled using a mechanistic (Gobas) food web model using
site-specific environmental parameters and concentrations of DDTs in
surface water. Future concentrations of DDTs in the water column were
predicted based on a nonlinear regression of concentrations of DDTs in
water measured from 2002 to 2010. Monte Carlo Simulation was used to
represent variability in the water concentrations of total DDTs, biological parameters such as lipids, environmental parameters including water
temperature, dissolved organic carbon, dissolved oxygen, particulate
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organic carbon, suspended solids, and organic carbon content, and log
KOW Predicted concentrations of DDTs in fish (ng/g lipid weight) for
2009 and 2010 (years for which empirical data was available) showed
reasonable agreement with empirical data – under predicting by a factor
of 2 to 6. Predicted concentrations show decreasing concentration of
DDTs in both species: limited modeling results will be useful to define
timeline for natural recovery.
RP027 Framework for Addressing Bioaccumulation Potential of
Human Pharmaceuticals
D.B. Huggett, Waterborne Environmental, Inc. / Dept of Biological Sciences;
N. Maples-Reynolds, Waterborne Environmental Inc
The potential for human pharmaceuticals to bioaccumulate in aquatic
organisms is rapidly becoming an area of scientific and regulatory
interest. Historically, bioaccumulation assessments are conducted after
consideration of a chemical’s hydrophobicity (e.g., Kow). The current
strategy for determining the bioaccumulation potential of a human pharmaceutical is identical in scope in that scientists are required to conduct
an OECD 305 fish study if the Kow value of a given pharmaceutical is
greater than a prescribed regulatory trigger value (e.g., Log Kow> 4).
The physical-chemical knowledge (e.g., pKa) of the compound should
be incorporated into this initial Kow assessment to better guide the need
for a full “B” assessment. In many instances, the current strategy does
not utilize the wealth of non-clinical and clinical data available on the
absorption, disposition, metabolism and elimination (ADME) of the
pharmaceutical of interest, which could be used to better inform scientists on important characteristics and physiological processes associated
with that human pharmaceutical. It is important to recognize that fish
have the ability to perform many of the same physiological processes
that mammals perform, hence a pharmaceutical’s ADME characteristics
could be similar in fish. These data can be used to understand the ability
of a fish to absorb, distribute, biotransform and eliminate a human pharmaceutical. If needed, studies can be conducted utilizing methodologies
widely used on the drug development process (e.g., in vitro metabolism
assays) to understand the similarity between fish and mammals and
better guide the testing overall strategy. By utilizing all the available
information collected and methodologies employed during the drug
development process of a human pharmaceutical, scientists can make a
more informed decision regarding the need for bioaccumulation testing
(i.e., OECD 305), potentially reduce the number of vertebrate animals
used in laboratory studies and achieve an overall cost savings.
RP028 Hepatic biotransformation of
14C-decamethylcyclopentasiloxane (D5) and
14C-decamethyltetrasiloxane (L4) in fish, birds and mammals
D.B. Huggett, Waterborne Environmental, Inc. / Dept of Biological Sciences;
M. Cantu, D. Hala, Univ of North Texas; J. Domoradzki, D.A. McNett,
Dow Corning Corporation / Health and Environmental Sciences
When considering bioconcentration (BCF), bioaccumulation (BAF)
and trophic magnification (TMF) assessments, biotransformation and
elimination of a chemical are important processes within an organism
to understand. Recent efforts have been made in extrapolating in vitro
fish biotransformation data to a whole body BCF value in an effort to
better guide the need for an OECD 305 fish bioconcentration study. By
integrating biotransformation estimates into BCF models, a more realistic estimation of BCF can be calculated while providing a cost-effective
assay that uses less vertebrate animals. Building on this single species
extrapolation concept, biotransformation data from multiple species
may be used to construct a biomagnification or trophic magnification
model for a given chemical. Using 14C radiolabelled compounds and
high performance liquid radiochromatography, in vitro metabolism data
utilizing liver microsomes were developed for a cyclic siloxane, D5, and a
linear siloxane, L4. Of the species investigated, mink demonstrated the
greatest potential to biotransform D5 and L4 siloxane. 14C radiochromatograms show the loss of D5 and L4 siloxane, as well as increases in
metabolite production over the 60 min incubation period. The percentage
loss of D5 was similar with human and rat microsomes and greater then
observed with fish. The percentage loss of D5 in birds is low compared to
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fish and mammals. Similar relationships for loss of parent hold true for
L4 (kestrel data not available). These data suggest that D5 and L4 siloxane are biotransformed by a wide array of species, which can influence
“B” assessments. In addition, these data can be used to estimate wholebody rates of metabolism for incorporation into predictive environmental
assessments.
RP029 Occurrence and Trophic Magnification of PCNs, HBCDs,
and DPs in the Ecosystem of King George Island, Maritime
Antarctica
J. Kim, Pohang Univ of Science and Technology / School of Environmental
Science and Engineering; Y. Choi, M. Barghi, Pohang Univ of Science and
Technology; J. Kim, J. Jung, Korea Polar Research Inst; Y. Chang, Pohang
Univ of Science and Technology
We investigated occurrence and trophic magnification of emerging
persistent organic pollutants (POPs), including Polychlorinated naphthalenes (PCNs), Hexabromocyclododecanes (HBCDs), and Dehchlorane
plus (DPs) and their related compounds, in the maritime ecosystem in
Antarctica. The samples included Antarctic cod, icefish, limpet, amphipods, leopard seal, Gentoo penguin, Chinstrap penguin, kelp gull, and
south polar skua. And the samples were collected in Baton peninsular of
King George Island, Antarctica, from December 2013 to February 2014.
The concentrations in the samples were lower or comparable to those
from the aquatic and terrestrial ecosystem in the other regions. To our
knowledge, this was the first or second study to report occurrence of the
chemicals in the Antarctic biota, providing evidence of long range transport of these chemicals. We also calculated trophic magnification factor
(TMF) of each congeners, based on the ratio of stable isotope nitrogen
and the log-transformed POP concentrations. Some of the compounds,
including HBCDs and PCNs, showed significantly positive correlations,
suggesting biomagnification of the chemicals. And the TMF values were
varied with different food-web models under consideration of different food web structures and treatment of non-detected data. This study
suggested the long range transport and bioaccumulation of the emerging
POPs, which are the POPs criteria of Stockholm Convention.
RP030 PCBs Associated with Suspended Solids in the Green River
Watershed; an Upstream Source to Lower Duwamish Waterway
Superfund Site
D. Williston, King County-Dept Natural Resources and Parks / DNRP; C.
Greyell, King County Dept of Natural Resources and Parks
Sources of PCBs to the Lower Duwamish Waterway (LDW) Superfund
Site include the urban drainage basin as well as inputs from upstream
portions of the Green River Watershed. To better understand PCBs in
the watershed, suspended solids samples were collected from the Green
River and four of its major tributaries. Two collection methods were
used: sediment traps and filtered solids where suspended solids were
collected by pumping water through filter bags. Both collection methods
allow for general characterization of suspended solids PCB concentrations within the watershed, but at different time scales. The filtered solids
data also allows for a comparison of PCB levels between dry season
baseflow and wet season storm event conditions. The sediment traps
were deployed for approximately three month intervals over a year-long
period. The filtered solids samples were collected over 24-hour periods
during both baseflow and storm event conditions with a target of one
baseflow and five storm events per location. Samples were analyzed
for PCB congeners, grain size and total organic carbon. This presentation will review both PCB concentrations and congener patterns under
various flow conditions and time scales as well as explore relationships
to flow, fines and organic carbon.Data from this study will be used as a
line of evidence to evaluate upstream contaminant sources to the LDW,
explore the nature of these inputs (e.g., influence of storm events), and
inform future source control efforts in the watershed.
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RP031 Site-specific application of the Bioaccumulation and Aquatic
System Simulator (BASS) for mercury bioaccumulation in the South
River, Virginia
B.J. Reese, URS Corporation; C. Mancini, S. Thakali, AECOM; J.
Flanders, URS Corporation; R.G. Stahl, E.I. DuPont de Nemours and
Company / Corp Remediation
The Bioaccumulation and Aquatic System Simulator (BASS) model
was used to better understand methylmercury (MeHg) trophic transfer
through the aquatic food web in the South River (Virginia) to provide
input to remedial decision-making. The BASS model simulates the
bioaccumulation dynamics of hydrophobic organic pollutants and metals, such as mercury. Bioaccumulation dynamics are described using
algorithms that account for species-specific trends affecting the uptake
and elimination of MeHg, such as dietary composition and growth
dilution. The BASS model was used to simulate the dynamics of MeHg
bioaccumulation by smallmouth bass (Micropterus dolomieu), redbreast
sunfish (Lepomis auritus), and common shiners (Notropis cornutus) across
a surface water MeHg concentration gradient in the South River. Sitespecific ecological information on aquatic communities, fish food habits,
and MeHg concentrations in biotic and abiotic media in the South River
were input parameters for the BASS model. The model confirmed the
importance of the dietary pathway, and showed that the MeHg concentration in food items varies spatially in the South River and controls the
concentrations in fish. This presentation will discuss the BASS modeling
for the South River and its potential uses in the: 1) evaluation of different
options related to fisheries management and ecosystem restoration, and
2) simulation of food web responses to changes in MeHg concentrations
in South River media under different remedial options.

Nanomaterials Toxicology: Methods for
Screening for Nano-Unique Hazard
RP032 A zebrafish embryo toxicity testing screening framework for
determining nano vs. non-nano unique effects
N. Garcia-Reyero, US Army Engineer Research and Development Center;
A.J. Kennedy, CEERD-EPR / Environmental Laboratory; M. Wilbanks,
US Army Engineer Research and Development Center / Environmental
Lab; P. Chappell, SOL Engineering Services, LLC; J.H. Lindsay, US
Army Engineer Research and Development Center; J.K. Stanley, US Army
Engineer Research and Development Center / Environmental Laboratory
Uncertainty often exists about (1) whether observed toxicity in aqueous
nanoparticle exposure is caused by the particle itself or dissolved ions
released from the particles and (2) whether the magnitude of toxicity
caused by exposure to the nanoparticle is greater than what would be
observed with a similar exposure to larger “bulk” scale particles with the
same composition. Tests designed to reduce these uncertainties would
inform decisions regarding if existing regulations are adequate or if
nano-specific testing and considerations are warranted. We are developing a zebrafish embryo toxicity (ZFET) testing screening framework
that utilizes a 96-h embryo exposure that is designed to be used as a
screening tool to answer these questions. The framework includes testing
a particle alongside various comparative controls to generate data rich
lines of evidence to support risk-informed decisions regarding potential
for nano-specific effects. The nature of the comparative controls are
contingent on the specifics of the nanomaterial of interest, but generally
include a dissolved ion control of the same chemical composition (where
relevant), an inert particle control of similar size (e.g., a polystyrene bead)
to assess physical effects, a bulk (>100 nm) particle control of the same
chemical composition and a coating (or solvent) control that is relevant to
the test material. To demonstrate the NanoGRID-ZFET framework, we
are testing the new NIST 75 nm PVP coated standard, a 10 nm citrate
coated nanosilver from NanoComposix and a 20 nm citrate coated gold
material fabricated in the lab. These test materials provide a diversity of
characteristics (chemically vs. physically toxic, soluble vs. insoluble, sterically vs. electrostatically stable) to best demonstrate the framework and
conclusions stemming from different comparative control outcomes.

RP033 Dissolution of Metal Nanoparticles: Methods for
Determining the Contributions to Nanoparticle Toxicity
J.A. Steevens, US Army Engineer Research and Development Center /
Environmental Laboratory; N.B. Hartmann, Technical Univ of Denmark
DTU / DTU Environment
Dissolution rate of nanoparticles is important for understanding the
changes in bioavailability, reactivity, fate, and toxicity of metal nanomaterials. Fate of the nanomaterial, including dissolution, is an important
parameter for understanding the fate and aquatic toxicity and ultimately
determining the potential risk. A significant amount of data, methods,
and information have been published on the dissolution of nanoparticulate metals such as silver, copper, and zinc. However, these publications
provide a wide range of conditions, techniques and analytical methods.
The authors are currently leading the development of Organization of
Economic Cooperation and Development (OECD) standard guidance for determining the dissolution rate of metal nanoparticles. In
the development of this draft guidance studies have been conducted to
consider the most appropriate conditions and techniques. Comparison of
standardized methods such as centrifugation, ultrafiltration, and dialysis
demonstrated the importance of techniques and test conditions. Results
of these studies indicate the preference of centrifugation > ultrafiltration > dialysis due to the potential for adsorption to filtration media and
ability to reduce variability. Factors such as test material preparation,
testing media, test chamber, and sample handling have been studied to
optimize the test methods. Preparation methods including the preparation of stock nanoparticle suspensions from sonication dispersion and
paste preparation have been evaluated. Four test buffers including EPA
hard, EPA soft, and OECD test media, and sodium bicarbonate buffer
have been evaluated to determine the optimal buffer for pH stability and
dispersion. Test chamber composition was found to influence adsorption.
We found that different materials polypropylene and high-density polyethylene resulted in less adsorption as compared to polycarbonate and
glass. The results of these studies will be used to develop a draft protocol
for dissolution ring tests in the development of a standardized guidance
for dissolution rate and ultimately support the environmental hazard
classification of metal nanoparticles.
RP034 Influences of incubation conditions on toxicity of partially
insoluble ZnO nanoparticles for seed germination and bacterial
bioluminescence
I. Kong, Dept of Environmental Engineering; Y. Shi, M. Lee, Yeungnam
Univ; I. Kang, KIGAM
The potential effects of incubation conditions on the toxicity of partially
insoluble ZnO nanoparticles (NPs) were evaluated in the context of
seed germination and bacterial bioluminescence. Incubation conditions
had a statistically significant effect on toxicity of ZnO NPs during seed
germination. Toxicity levels of ZnO NPs during seed germination under
modified conditions were 2.35∼7.9 times those of conventional methods
at sizes of 15 and 25 nm (corresponds to 0.13∼0.42 times of conventional
EC50 values). Differences among conditions were statistically significant
(all p-values < 0.0003). With regards to bioluminescence activity, slightly
increased toxicity was observed under incubation conditions of 160 rpm
compared to 130 rpm (EC50s; 0.67∼0.95 mg/L at 160 rpm and 1.12∼1.09
mg/L at 130 rpm) (p-values 0.0034∼0.1941). These findings demonstrate
that toxicity evaluation of partially insoluble NPs needs to be performed
under different incubation conditions (e.g., shaking) compared to those
for soluble chemicals for accurate assessment of NP toxicity in ecosystems.
RP035 Quantitative Structure - Mesothelioma Potency Model
Optimization for Complex Mixtures of Elongated Particles in Rat
Pleura
P. Cook, USEPA; J. Swintek, Badger Technical Services; T. Dawson, EMR,
Inc.; M. Etterson, USEPA / ORD NHEERL Mid-Continent Ecology
Division; D. Chapman, EMR, Inc.; D.J. Hoff, USEPA / ORD NHEERL
Mid-Continent Ecology Division
Cancer potencies of mineral and synthetic elongated particle (EP)
mixtures, including fibers from asbestos, are influenced by changes in
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fiber dose composition, bioavailability and biodurability. A unique and
comprehensive rat intra-pleural (IP) dose characterization data set with
a wide variety of EP size, shape, crystallographic, chemical, and biodurability properties facilitated extensive statistical analyses of 50 rat IP
exposure test results for evaluation of alternative dose – pleural mesothelioma response models. Four major findings emerged: (1) data for
simulations of short term EP dose changes in vivo (mild acid leaching)
provide superior predictions of tumor incidence compared to non-acid
leached data; (2) sum of the EP surface areas (ΣSA) from these mildly
acid leached samples provides the optimum holistic dose – response
model; (3) progressive removal of dose associated with very short and/
or thin EPs significantly degrades resultant ΣEP or ΣSA dose based
predictive model fits, as judged by Akaike’s Information Criterion (AIC);
and (4) alternative, biologically plausible, model adjustments provide
evidence for reduced potency of EPs with length/width (aspect) ratios <
8 and lengths > 80 µm. Regardless of these adjustments, the optimum
predictive models strongly incorporate potency attributable to abundant
short EPs in proportion to their ΣSA. TEM analyses of low temperature
ashed pleural membrane and lung tissues 5.5 months post IP exposures
do not support hypotheses that short EPs which reach the pleural space
are rapidly eliminated. Low aspect ratio (AR) EPs were still abundant in
pleural membrane tissues but may have reduced potencies due to aggregation tendencies and therefore lower potential for intracellular presence.
This abstract does not necessarily reflect USEPA policy.

Molecular, Individual and Population Effects
of Contaminants in Herpetofauna and
Incorporation Into Risk Assessment
RP036 Investigating small molecule changes in Diamondback
Terrapins in response to chronic mercury exposure using 1H NMRbased metabolomics
F. Nilsen, NIST MUSC / Environmental Chemical Sciences Division; J.
Schwenter, South Carolina Dept of Natural Resources; R. Day, National Inst
of Standards and Technology / Environmental Chemical Sciences Division;
T. Schock, National Inst of Standards and Technology / Chemical Sciences
Division
The Diamondback Terrapin (Malaclemys terrapin) is an ecologically
important reptilian sentinel in coastal habitats of the Atlantic Ocean,
ranging from Cape Cod, Massachusetts to the southern tip of Florida,
and along the US Gulf Coast. The natural range places this sentinel
in areas historically affected by anthropogenically produced environmental contaminants. As a mid-trophic level predator, ill-fated terrapin
population level effects related to contaminants can cause organizational
changes at the ecosystem level. Mercury is a toxic global pollutant
impacting a wide variety of ecosystems across the planet, due to the
main route of transmission being atmospheric deposition. Mercury is a
potent neurotoxin that has been shown to elicit behavioral changes in
highly exposed organisms, including humans. Apart from neurotoxicity,
mercury exposure has also been correlated to a myriad of adverse health
effects, including congenital heart defects, and reproductive impairment. Determining the physiological effects of mercury exposure on the
Diamondback Terrapin in terms of both individual variation and population level effects is necessary to understand how vulnerable the species
will be as climate change begins to effect the methylation of mercury in
wetland ecosystems. In this study, we investigate physiological changes
associated with two doses of chronic mercury exposure on an ecologically
important reptilian sentinel over a two year time period. Plasma and
liver metabolomic profiles were analyzed by multivariate and univariate techniques across doses, gender, and annual time scales. This study
addresses the ability of metabolomics as a tool to shed light on organismenvironment interactions in the case of mercury exposure.
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RP037 Blood chemistry analysis of Nile Crocodiles (Crocodylus niloticus) from Kruger National Park and Flag Boshielo Dam, South Africa
M. Guillette, Medical Univ of South Carolina / OBGYN; T. Cantu, MUSC
/ Marine Biomedicine and Environmental Sciences; R. Lowers, NASA /
Environmental Sciences; D. Pienaar, SANParks / Kruger National Park;
R. Chapman, South Carolina Dept of Natural Resources; D. Govender, H.
Botha, SANParks; L.J. Guillette, Medical Univ of South Carolina / Marine
Biomedicine and Environmental Sciences, OBYGYN
The Olifants river system within South Africa has seen significant
changes in water quality due to population growth and industrialization.
As one of the biggest river systems in South Africa, it is a major source
of water for consumption and agriculture in the Mpumalanga province.
The river system is also a source of sustenance fishing for local populations within the Olifants drainage. In 2008, Kruger National Park
(KNP) suffered large-scale mortalities of its largest aquatic predator, the
Nile crocodile (Crocodylus niloticus). Veterinarians at the park diagnosed
the crocodiles as having pansteatitis– a disease characterized by the
inflammation of adipose tissue (Govender 2010). As a keystone species
in the Olifants, it is imperative to investigate the disease further and
identify possible factors influencing the health and fitness of crocodiles
within the region. This investigation examined the difference of several
blood chemistry parameters and physical characteristics of two crocodile
populations within the Olifants river system: Flag Boshielo Dam (FBD:
upstream of KNP on the Olifants River) and a few different points
along the Olifants River in Kruger National Park. Blood was sampled
from wild crocodiles, and stored on ice briefly until centrifuged. Twelve
parameters were measured including aspartate aminotransferase (AST),
bile acids (BA), creatine kinase (CK), uric acid (UA), glucose (GLU),
inorganic phosphorous (PHOS), calcium (Ca2+), total protein (TP),
albumin (ALB), globulin (GLOB), potassium (K+), and sodium (Na+).
Blood chemistry values were measured using an Abaxis VetScan Whole
Blood analyzer® with Avian/Reptilian Profile Plus® rotors (500-0041,
Abaxis, Union City, CA) using 150 ul of plasma. Significant increases in
plasma AST (P=0.0177) and CK (P=0.0024) were observed in crocodiles from KNP compared to FBD. The elevated plasma AST and CK
levels are indicative of probable muscle and liver damage. We have also
employed artificial neural network analysis to investigate these 12 factors in relation to morphometric data. Further work is needed to assess
whether these differences are indicators of pansteatitis, or associated with
exposure to various heavy metals and pesticides.
RP038 Contamination in Snakes and food-web structure among
snake species in the Okanagan Valley, BC
C.A. Bishop, Environment Canada; O. Dyer, Ministry of Forests, Lands
and Natural Resource Operations; J. MAIDA, Thompson Rivers Univ; J.
McAllister, Univ of Victoria; K. Laresen, E. Lomas, Thompson Rivers Univ;
J.E. Elliott, Environment Canada / Science Technology Branch
Contaminant levels were measured within livers in snakes within
the Okanagan valley BC Canada. This is a site where organochlorine
pesticides were heavily used in agriculture. Three species of snakes were
collected along one 5 km stretch of road approximately 10 km from
orchard areas. Livers were analyzed and relationships among contaminant levels in snakes and relative size of snakes within species and food
sources among species were examined. An evaluation of the impact
of loss of adult snakes from this population due to roadkill was also
examined.
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What Do We Know About the Ecological
Risk of Consumer and Personal Care Product
Ingredients?
RP039 Hormonal related genes are affected by UV filters 4MBC and
BP3 in the midge Chironomus riparius
I. Ozáez, M. Aquilino, G. Morcillo, UNED; J. Martinez-Guitarte, UNED
/ Fisica Matematica y de Fluidos
Ultraviolet filters are main components of many personal care products that are extensively used. They are organic compounds defined as
emergent contaminants that are increasing their presence in aquatic
environments, mainly by recreational activities and their use in a wide
variety of industrial products. The UV-filters have been associated with
endocrine disruption activity in vertebrates but their effects in invertebrates are still poorly understood. Chironomus riparius is a diptera with
aquatic larvae which is used frequently in toxicity tests. Previously we
have observed that C. riparius larvae exposed to UV filters show changes
in the transcriptional activity of the ecdysone receptor gene. This
receptor binds ecdysone, a steroidal hormone with a central role in the
development of this organism. In this study we have used two UV-filters,
4-methylbenzylidene camphor (4MBC) and benzophenone-3 (BP3), to
analyze their effects in the expression of other endocrine related genes
using embryo and fourth instar larvae exposed for 24 hours to different concentrations of each compound. Methoprene-tolerant (met, the
receptor of juvenile hormone), hr38 (a nuclear factor involved in the
ecdysone response pathway), insulin receptor (ilr), and membrane associated
progesterone receptor (mapr) mRNA levels were studied by retrotranscription and Real-Time PCR. Results show that BP3 upregulates these
four genes after a 24h exposure in embryo while 4MBC modifies the
transcriptional activity of hr38, met, and mapr. On the other hand, larvae
treated with 4MBC show upregulation of met expression while 3BP
induces an increase of mRNA of ilr. Our results show that embryos are
very sensitive to UV-filters while the larvae are more resistant, these
data confirms the importance of analyzing the effects during development in invertebrates. Furthermore, we demonstrate that UV-filters can
affect the endocrine system in a wider way than previously thought, even
perturbing the insulin receptor, which is supposed to bind a peptide hormone. These are the first evidences that UV-filters affect simultaneously
several pathways of hormonal response in invertebrates, especially in
embryos, showing that the endocrine system is strongly altered by these
compounds. This work has been funded by the Ministerio de Economía y
Competitividad, CICYT (SPAIN), CTM2012-37547.
RP040 Endocrine disruption via enzyme exhaustion: Triclosan
elevates estradiol levels in the female mouse
T. Pollock, D. deCatanzaro, McMaster Univ / Dept of Psychology
Neuroscience and Behaviour
Triclosan is an antimicrobial agent found in many household and
consumer products, including soaps, cosmetics, clothing, and toys.
Its bacteriostatic mechanism requires free triclosan be directly added
to these products, which incidentally permits rapid absorption of the
chemical into the body through the skin and gastrointestinal tract.
Despite several studies demonstrating estrogenic effects of triclosan
in vivo, there is little evidence that triclosan binds directly to estrogen
receptors. Rather, triclosan interacts with key metabolic enzymes, such
as sulfotransferase and UDP-glucuronosyltransferase. We hypothesized
that triclosan may compete with estradiol for access to these enzymes,
thereby elevating estradiol levels and contributing to these estrogenic
effects. Indeed, higher levels of exogenous tritium-labelled estradiol were
observed in reproductive tissues of female mice pre-treated with triclosan
than females given an oil injection. This finding was true for a single dose
of triclosan, as well as repeated doses over multiple days. In addition, we
observed greater levels of endogenous estradiol, as measured through urinary ELISA, in females administered triclosan than females given an oil
injection. Although the doses required to produce these effects are outside the range of human exposure, there is emerging evidence that more

and more environmental chemicals are competing for the same metabolic
enzymes. We suggest that researchers consider this mechanism when
addressing estrogenic effects in vivo, especially when studying the effects
of multiple chemicals at environmentally-relevant doses.
RP041 A comparison between temperate and subtropical regions;
bioaccumulation and toxicity of sediment-associated Triclosan in
Tubifex tubifex
R. Windfeld, Roskilde Univ / ENSPAC; D.T. Salvito, Research Inst for
Fragrance Materials (RIFM) / Dept of Environmental Science; H. Selck,
Roskilde Univ / Dept Environmental Social and Spatial Change
Many of the compounds used in everyday personal care products (PCPs)
are transported by waste water to the aquatic environment. Since
many of these compounds are highly hydrophobic, they will in most
cases adhere to particles in the water column and settle in the sediment. Highly urbanized areas in South China, without previous waste
water managements, have a high environmental concentration of PCPs
such as Triclosan (TCS). Guangzhou in south China has only recently
implemented waste water treatment plants, which will decrease the
concentration of compounds entering the aquatic environment. However,
the legacy of already embedded chemicals in the river sediment is not
fully understood. We experimentally assessed bioaccumulation and
biodegradation of TCS in subtropical and temperate sediment with and
without Tubifex tubifex presence. Subtropical sediment from Guangzhou,
China, and temperate sediment from Roskilde, Denmark was spiked
with TCS (0-400 ug TCS/g dw sediment) and exposed to T. tubifex in
a concentration-response setup. End-points included mortality, feeding
rate and reproduction. All tests (both sediments) were executed at 17
and 28 °C to assess the importance of temperature in both regions. For
reproduction no regional differences were found at 17?C. For subtropical samples a higher reproduction were observed at 28?C than at 17?C.
No significant effects of concentration were found. No concentration
dependence was detected within temperatures when looking at feeding
rate. A higher feeding rate was found at 17?C for both regions compared
to at 28?C. Regional difference was only found at 2 µg/g, with a higher
feeding rate in sub-tropical samples. A significant reduction in sediment
TCS concentration were observed efter 28 days of T. tubifex activity at
40 and 70 µg/g in sediment from both regions. No temperature dependency was observed.
RP042 Toxicological responses following water exposure to ethylhexyl methoxycinnamate in Japanese medaka (Oryzias latieps)
I. Lee, School of Public Health; K. Choi, Seoul National Univ / School of
Public Health
Ethylhexyl methoxycinnamate (EHMC) is an organic UV-filter widely
used in sunscreen products and cosmetics. Due to its widespread use,
this compound has been frequently detected in ambient water around
the world. Its potential toxic effects, especially on endocrine systems,
are also of concern. However, there is limited information on its toxicity during early life stage of fish. The sensitivity to chemicals in fish
changes with the developmental stage, and it also can be different by
sex. Therefore, understanding of toxicity during specific stage in fish
by sex is needed to understand. The aim of this study is to understand
endocrine disrupting effects of EHMC on fish during early life stage by
sex. In order to understand toxicity of EHMC in fish, Japanese medaka
eggs were employed for long term exposure and were evaluated for possible toxicological responses including sex and thyroid hormone related
endocrine disruption. The test concentrations were 0, 0.05, 0.158, 0.5,
1.58, or 5 mg/L. Toxicological responses were evaluated at 10, 31, and
120 day post hatch (dph). Gene transcription changes were evaluated
in whole body at 10 dph and 31 dph juvenile, and the sex was identified
by DMY gene. At 10 and 31 dph juvenile, no alteration of erα, arα and
dio2 gene was observed in both male and female fish. However, gene
transcriptional level of dio2 was significantly decreased in male juvenile
and a similar decreasing pattern was observed in female fish. Decreasing
pattern of length and wet weight was observed in male juvenile at 31
dph. Hormones and histological changes will be evaluated along with
reproduction and the second generation fish performances at 120 dph.
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RP043 IFRA Environmental Standards: Risk and hazard assessment
update for 2015
A. Lapczynski, RIFM / Environmental Specialist; D.T. Salvito, Research
Inst for Fragrance Materials (RIFM) / Dept of Environmental Science; M.
Vey, International Fragrance Associations
To assure safety of fragrance ingredients in consumer products,
International Fragrance Association expanded the fragrance industry’s self-regulatory safety program with the development of IFRA
Environmental Standards for both risk and hazard in 2008. Fragrance
material risk assessments for these Standards are incorporated in the
Research Institute for Fragrance Materials’ (RIFM) testing program in
coordination with its Expert Panel. To identify materials for risk assessment refinement, fragrance materials were screened using the RIFM
Environmental framework and 2008 IFRA volume of use survey as
reported for both Europe and North America. The Framework for this
evaluation was published in Environment Toxicology and Chemistry
(Salvito et al., 2002, 1301-1308). In addition, hazard assessment on
these materials was also performed and reviewed. As a result nearly
3,000 materials were screened with preliminary risk quotients estimated
to rank priority materials for risk assessment refinement. In an effort to
provide greater transparency to the IFRA Environmental Standards,
RIFM reports the most recent results of these additional tests (for both
risk and hazard assessments) at both the annual SETAC NA and Europe
meetings. These studies include persistence testing (ready biodegradation tests and die-away studies), bioaccumulation, and acute and chronic
aquatic toxicity. Incorporating these new data in a second tier risk and
hazard assessment for these materials will also be presented.
RP044 Spatial Distribution of Synthetic UV Screen and Wastewater
Chemicals in Marine Waters Adjacent to Two High-Use Beaches
T.A. Bargar, USGS / The Wetland and Aquatic Research Center; D.A.
Alvarez, USGS / Columbia Environmental Research Center
Trunk Bay and Hawksnest Bay are two popular tourist destinations
in Virgin Islands National Park (VIIS), on St. John of the US Virgin
Islands. Over a million tourists annually visit VIIS with the majority
visiting the many beaches. Contamination of the marine waters of the
VIIS is an unfortunate byproduct of that tourism. Trunk and Hawksnest
Bays are two of the more heavily visited bays owing to their ease of
access and the fact that many are drawn to an interpretive snorkeling
trail in Trunk Bay. Waste water (WW) from the resorts, rental properties, and camps on St. John as well as chemicals from personal care
products, including synthetic UV screens, from swimmers at beaches are
contaminating waters considered to be of outstanding quality. Previous
monitoring in waters adjacent to VIIS beaches have detected a variety
of WW and synthetic UV screen chemicals, some at unexpectedly high
concentrations. This project was conducted to preliminarily evaluate
spatial distribution of the detected chemicals in relation to the beaches
believing that concentrations of synthetic UV screen concentrations in
particular decline with distance from the shore line. Water samples were
collected in June 2014 from along shore and at locations at three distances (approximately 60, 120, and 210m) offshore of the beach at Trunk
Bay for analysis of synthetic UV screens and WW chemicals. Additional
water samples were collected along shore and offshore near staghorn
coral colonies at Hawksnest Bay for analysis of the same chemicals.
Homosalate, oxybenzone, and octinoxate were the detected synthetic
UV screens. As expected, concentrations of the UV screens were greatest
along shore (41 – 6073 ng/L depending on chemical) and declined by 1
– 2 orders of magnitude at ~210m from the shore line. Diethylphthalate,
TCPP, caffeine, galaxolide, tonalide, triphenyl-phosphate, and DEET
were the detected WW chemicals. With one exception (DEET), their
concentrations were relatively constant regardless of distance from the
shore line. This contrast between the trends for synthetic UV screens
and WW chemicals alludes to different sources for the chemicals. The
contaminant source for these two bays is likely more proximate for the
synthetic UV chemicals (i.e., the beach) and diffuse or more distant for
the WW chemicals.

388 | SETAC North America 36th Annual Meeting

RP045 Practical development and application of a Mexico Dilution
Model for environmental exposure assessments of down-the-drain
chemicals
S. Quinn, S.D. Dyer, The Procter & Gamble Company / Environmental
Stewardship and Sustainability Organization; M. Fan, The Procter &
Gamble Company / Global Product Stewardship
In many geographies, there is a lack of water flow data to accurately
assess exposures of down-the-drain chemicals associated with consumer
products. A potential solution is to conservatively assume no dilution
from receiving waters. While this approach is sufficient for early-tier
assessments, it does not take into account diverse per capita water use
and river flow data. Hence, higher tier assessments incorporate other
data sources that lead to greater realism. Emerging markets are among
some of the places where new data are needed to create higher-tiered
exposure assessments. Mexico is an important emerging market and one
of the largest economies within Latin America. Processes developed
for refined exposure assessments in Mexico may be replicated in other
geographies. Here, we describe the development of an approach to derive
dilution factors for wastewater treatment plants (WWTPs) in Mexico
using country-specific data, resulting in exposure assessments that
have increased realism. In order to confidently move forward with the
practical application of this process and model development, this study
replicated the model using data from the USA in order to ground-truth
the methodology. Specifically, US government data and their integration
within the iSTREEM model (www.istreem.org) were used. In parallel,
an environmental risk assessment (ERA) framework for down-the-drain
consumer product chemicals is being developed that will include deterministic and probabilistic approaches. The framework begins with a
Tier One deterministic approach followed by Tier Two probabilistic
methods that account for per capita residential water usage, wastewater
treatment capability, as well as wastewater/in-stream dilution factors.
For each Tier, three scenarios were identified for quantitatively assessing environmental exposure in: (1) wastewater treatment; (2) wastewater
direct-discharge, and; (3) wastewater irrigation. Case studies with
chemicals containing diverse physical and chemical properties illustrate
the value of the framework.
RP046 Development of iSTREEM® 2.0, new enhancements for
down-the-drain model to support environmental exposure assessments across multiple commodity groups
R. Vamshi, K.E. Kapo, M.L. Sebasky, C.M. Holmes, Waterborne
Environmental, Inc.; P. DeLeo, D. Ferrer, American Cleaning Inst
The iSTREEM® model (“in-stream exposure model”), a free and
publically-available web-based model supported by the American
Cleaning Institute (istreem.org), provides a means to estimate chemical
concentrations in effluent, receiving waters, and drinking water intakes
(DWI) across the conterminous U.S. as well a number of watersheds
in Canada under mean annual and low-flow (7Q10) conditions. This
presentation will discuss recent upgrades made to enhance the model,
underlying data, algorithm and presentation of results leading to the
release of iSTREEM® 2.0. iSTREEM® 2.0 incorporates geographic
locations of over 12,000 wastewater treatment plant (WWTP) facilities along a US-wide river network of effluent-impacted river reaches,
providing a framework to integrate geographic data to assess environmental risk for multiple scenarios of interest. WWTP facilities and
associated facility level information were derived from the latest available
USEPA Clean Watershed Needs Surveys. The river network used by
iSTREEM® 2.0 was upgraded from previous iSTREEM® versions to
a higher-resolution hydrologic dataset based on the NHDPlus version
2, which includes estimated mean annual and low flow (7Q10) data
based on USGS stream gage measurements. The relationship between
WWTP facilities and DWI locations to the river network was established applying techniques developed by USEPA. Pre-calculation of
certain data and efficiency improvements to model algorithm has enabled
simulation runs to complete in significantly less time compared to prior
versions of the model. Model results are presented in a standardized
manner for consistent results communication across all users, and are
provided in a readily usable format (MS Excel) for easy interpretation
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and further customization of result presentation. Major assumptions
used in constructing the model will be discussed. Recent upgrades and
developments are geared to expand adoption of the model by a wide
variety of users as an environmental risk assessment tool across multiple
commodity groups (personal care products, pharmaceuticals, food additives, pesticides, etc.) that require internal or regulatory environmental
assessments. The discussion will also include a comparison of model
results between the prior version of iSTREEM® and latest iSTREEM®
2.0 to examine the impact of recent upgrades on the national distribution
of predicted environmental concentrations (PEC’s) across the US.

Ecological Soil Screening Levels: Evaluating
Their Applicability From an Ecologically
Realistic Perspective
RP047 Making the World Safe for Shrews: Good Policy and Good
Science or Unintended Consequence of Conservatism?
D. Smith, CRA, Inc.
Protecting shrews is now a focus of Ecological Risk Assessments (ERA),
as seen in Screening Levels like the EcoSSLs (mammalian EcoSSLs are
mostly based on shews), preliminary remediation goals, final assessments
of risks, implemented clean-up levels, and, of course, expenditures.
Considerable time and money are spent protecting shrews, a wide-spread
de facto public policy that has received little scrutiny. It is notable, for
example, that shrews lack an essential criterion for a good assessment
endpoint – high societal concern. However, shrews do have life-history
traits that maximize exposure: maximal consumption rates per unit
biomass, lack of wings (i.e., no migration, very small home ranges), and
diets that, ostensibly, consist entirely or largely of worms. In the theory
of ERA, these life-history traits produce receptors that are much more
sensitive to environmental pollutants. In the reality of ecology, however, many of these same traits render shrews insensitive to pollutants.
Shrews are temperate-region, homeothermic mammals with the highest
surface to volume ratios and no compensatory metabolic solutions such
as hibernation or extended periods of torpor. Shrews, like bumblebees
and hummingbirds, exist at the edge of the possible; uncritical application of conservative ERA assumptions pushes them over the edge. For
example, the smaller species may be physically incapable of an entirely
or even largely worm-diet, and even the larger species do not, according
to numerous studies, eat primarily worms. Extremely high consumption rates inextricably mean extremely short gut retention times and
extremely high excretion rates, facts of shrew life (and physics) that are
often ignored. Because of their life history, shrews are chronically on the
edge of starvation. Their populations are typically determined by densitydependent mortality, and, thus, relatively insensitive to reductions in
reproduction/survival. Thus, shrews may not be as sensitive to pollutants
as assumed. This talk will consider the reality of shrew physiology and
ecology versus the conservative chimera constructed for ERAs.
RP048 Do Ecological Soil Screening Levels Really Work?
R.J. Wenning, J. Arblaster, M.M. Grover, Ramboll ENVIRON; L.B.
Martello, Ramboll ENVIRON / Dept of Health Sciences; M.T. Sorensen,
Ramboll ENVIRON
Ecological screening values are intended to represent the concentrations of contaminants in soil that, if exceeded, should prompt detailed
evaluation and risk assessment. Screening values are intended to afford a
level of protection to terrestrial species and critical ecological functions.
Regulatory authorities in several countries are developing screening
levels, soil assessment guidance and environmental standards, and most
recognize as a starting point the well-established approaches used by
Canada, European Commission, Netherlands, and US. Regardless of the
terrestrial environment, however, most regulatory authorities find during
initial data gathering a paucity of terrestrial ecotoxicity data upon which
to develop their own region or soil –specific benchmarks. The lack of scientific data is a real problem for regulatory authorities across the world;

a problem unlikely to be resolved in the absence of standard approaches
to soil ecotoxicity data analysis and a common suite of soil ecotoxicological tests. This may be impossible to resolve given that soil is a highly
heterogeneous material and confounding factors such as organic content,
pH, and mineral content influence whether a contaminant is bioavailable
in the soil. Further complicating the utility of soil screening benchmarks
is the situation whereby soil screening benchmarks are set so low that
even at trivial concentrations few substances are eliminated from further
evaluation in ecological risk assessment. These and other challenges
posed by current practices for derivation and application of ecological soil
screening benchmarks will be reviewed, and possible paths forward using
statistical tools such as species sensitivity distributions and establishing
a common set of soil testing protocols will be described. Although the
practice of developing screening values has merit, universal guidance is
needed on how soil data for ecological risk assessment purposes should
be qualified and treated, what measurement endpoints are acceptable,
and how interspecies and soil differences should be handled when developing or using soil screening values.
RP049 Refining Ecological Soil Screening Levels Using Benchmark
Dose Analysis
D. Skall, D.B. Mayfield, Gradient; M.S. Johnson, Toxicology Portfolio
Ecological screening levels and remediation goals for wildlife are often
developed using food-web models based on conservative assumptions of
exposure and toxicity. The toxicity reference values (TRVs) underlying
these concentration goals are typically based on no- or lowest-observed
adverse effect levels (NOAELs/LOAELs) from available laboratory
toxicity studies. Further, the food-web models are highly sensitive
to the selected TRV, which is partly due to the uncertainties inherent in NOAELs/LOAELs. To further examine this issue, we applied
benchmark dose (BMD) techniques to characterize exposure-response
relationships for selected chemicals following a systematic process. The
BMD approach allows for more precise and customizable estimates
of response than the traditional use of NOAELs or LOAELs. In this
study, we derived BMD-based toxicity benchmarks and compared them
to their respective NOAELs and LOAELs. In addition, we provide
examples of alternative ecologically protective soil cleanup levels based
on BMD-derived TRVs. This analysis demonstrates the utility of the
BMD approach for developing more robust toxicity values for wildlife
risk assessment.
RP050 Putting toxicological risks to plant life on Île Rouge, Quebec
into context through the use of a method to assess the general health
of vegetation
J. Olson, GHD
Soil toxicity reference values (TRVs) used to assess risks to terrestrial
plants on contaminated sites are often overly protective. Some plant
TRVs, such as the USEPA’s EcoSSLs and those of the Center of
Expertise in Environmental Analysis of Quebec (CEAEQ ), can indicate
risks at levels within natural background concentrations and amidst
apparently healthy stands of natural vegetation. Therefore, Fisheries
and Oceans Canada (DFO) contracted CJB Environment to develop a
method to assess the general health of the vegetation on their sites. The
method uses point transects to measure percent cover of vegetation and
percent of cover showing signs of reduced health (chlorosis, necrosis,
etc.). It also includes a direct measure of aboveground biomass. A draft
version of this method was then used as one element in the weight of
evidence analysis for the risk assessment of the lighthouse station on Île
Rouge in the St. Lawrence River Estuary. The TRVs used for the risk
assessment of metals on Île Rouge (CEAEQ N1 values) were all below
the natural background levels (Criteria A) for Quebec. This led to large
sections of the site as being considered at risk. However, the results from
the method to assess the general health of the vegetation did not show
any relationship between the level of contamination and the health of the
plants. Though the only section of the site showing clear phytotoxicity is
one with relatively high levels of contamination, these are no higher than
those of another section with plant health similar to uncontaminated
sections. Rather than soil contaminants, the apparent phytotoxicity
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seems to be caused by excess guano from a gull colony nesting on the
island. Given the good overall health of the vegetation versus to the
significant impacts on vegetation of soil remediation, risks to plant life as
indicated by the use of TRVs could not justify soil remediation work for
this site. The results from this site, as well as from three other lighthouse
stations, were then used to create a final version of the phytotoxicityscreening method. This method is currently being used by DFO to assess
the health of vegetation on their sites in Quebec.
RP051 Eco SSLs and Other Lines of Evidence in Refinement of
Chemicals of Concern for a Metals–Contaminated Site
P.C. Fuchsman, S. Yu, W. Mahaney, L. Brown, Ramboll ENVIRON
We conducted a screening-level ecological risk assessment (SLERA)
followed by refinement of chemicals of interest for a metals-contaminated site in the Midwestern U.S. Soil screening benchmarks for the
SLERA were the lowest of available screening values from several
sources, as required by state regulators. No metals screened out in this
step. USEPA’s Ecological Soil Screening Levels (Eco-SSLs) served as a
useful tool in refining chemicals of interest, eliminating several metals
from further consideration. However, additional refinement was required
for most metals, due to limitations in the Eco SSL derivation. Example
lines of evidence included site-specific background concentrations,
information on metal bioavailability (e.g., published data accounting for
the effect of soil properties on metal toxicity, published leaching-aging
factors for metal-spiked soils, Canadian criteria for exchangeable barium
concentrations), and examination of the nature and magnitude of effect
in key studies underlying USEPA’s wildlife toxicity reference values.
These refinements point to opportunities for improvement in the next
generation of soil screening values.
RP052 Critical Review of Lead and Mercury Ecological Benchmarks
in Soil
K.P. Cejas, ERM / Biological Sciences; M.J. Cejas; A. Bonin, Cardno; A.S.
Bess, Chevron Energy Technology Company / Environmental Unit
Ecological benchmarks in soil are used to identify contaminants that may
pose an unacceptable risk to microbes, invertebrates, plants, birds, and
mammals. Often these values are used as clean up levels in upland habitat
despite their intended use as screening level benchmarks. A critical review
of benchmarks for Pb and Hg was conducted to evaluate relevance to typical site conditions and the appropriateness of toxicity studies underlying
the benchmarks. In general, Pb Eco-SSL benchmarks were derived from
studies with a range of issues regarding study quality and relevance to
site conditions including high bioavailability scenarios, multiple stressors,
uncommon test temperatures, different soil types, and a lack of statistical analysis. Notably, the Pb Eco-SSL for birds was derived from a study
with questionable biological significance and overly conservative assumptions of bioavailability in the gut, proportion of soil and biota in the diet,
and food ingestion rate. Hg benchmarks from ORNL were derived from
studies with high bioavailability scenarios, uncertainty factors, inadequate
study details and statistics, and secondary references. Hg TRVs for birds
and mammals were based on studies that used different forms of Hg and
possible additional contaminants. In addition to the critical review of
underlying studies, background concentrations of Pb and Hg in soil were
researched and compared to benchmarks. Background concentrations for
each region of the U.S. fell within the range of Pb and Hg benchmark
values demonstrating the high probability of falsely predicting risk with
standard benchmarks. Improvements to benchmarks include normalizing ecotoxicity data based on factors affecting bioavailability thereby
reducing the variation of effect concentrations among soils and adjusting
the benchmarks to site-specific conditions. A species sensitivity distribution (SSD) should be developed with normalized effect concentrations
and added ambient background concentrations. Recommendations for
TRV derivations include selecting data from species, endpoints, and
exposure durations that are most relevant to site conditions; adjusting
data to account for relative bioavailability; using dose-response metrics
rather than point estimates; and considering the biological significance of
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reported effects. Improvements to exposure estimations include evaluating
bioaccessibility of metals, and collecting site specific measurements of soil
ingestion and bioaccumulation in biota.
RP053 Evaluation of Risk to Terrestrial Ecological Receptors in
Linear Corridors and the Influence of Toxicity Reference Value
Selection
T. Small, GHD Ltd; S. Jones, Conestoga Rovers & Associates
Risk assessment guidance documents in both Canada and the United
States provide conservative wildlife exposure parameters for protection
of multiple wildlife receptors. The use of these exposure parameters,
specifically toxicological reference values (TRVs) prescribed in the EcoSSL documents (and currently being proposed for use at federal sites in
Canada) can have significant implications on remedial goals established
for contaminated sites. The impact of TRV selection on remedial goals
was evaluated for a 70 km railway corridor from a mine site to a smelter
facility in northeastern Canada. Lead-zinc ore was released from rail
cars over the 50 year operation of the mine and smelter. The rail line
intersected a variety of land uses including mixed mature boreal forest,
regeneration clear cuts, agricultural land, grassland or pasture, commercial properties, residential properties, and First Nation lands. To
facilitate the ecological evaluation, the corridor was partitioned into
distinct ecological units based on habitat characteristics, anthropogenic
influences, and concentrations of the contaminants in soil. Over 6,500
individual soil samples were collected and compared to protective concentrations levels (PCLs) developed for protection of birds and mammals
using food chain models similar to those used in the development of the
Eco-SSLs. Site specific uptake equations as well as soil bioavailability
were used in the development of the PCLs. In addition, the TRVs used
in the site-specific food chain models were based on the geometric means
of LOAELs for growth, reproduction, and survival identified in the Eco
SSL source documents and developed for use at other federal sites in
Atlantic Canada. Based on this approach, remedial action was limited
to 104 individual hotspot locations which also correspond to locations
requiring remediation for protection of human health. Comparatively,
the insertion of TRVs prescribed in the Eco-SSL documents into the
food chain models produced PCLs approaching background concentrations for the area and are not considered to be ecologically relevant with
respect to developing remedial goals.

Predictive Methods for Assessing Persistence,
Bioaccumulation or Toxicity
RP054 A bioenergetic/bioaccumulation model for persistent organic
pollutants in aquatic and terrestrial food webs
Y. Fan, Environment Canada; F. Gobas, Simon Fraser Univ / School of
Resource and Environmental Management Faculty of Environment
This project developed and tested a bioenergetic/bioaccumulation model
to predict concentrations, bioconcentration factors (BCF), bioaccumulation factors (BAF) and trophic magnification factors (TMF) of
persistent organic pollutants (POPs) in organisms of terrestrial and
aquatic food webs. This is the first bioaccumulation model that conserves
both mass of chemical and energy. This model was tested against concentrations of various POPs in wildlife of Canadian Arctic terrestrial and
Lake Ontario aquatic food webs. The model is shown to predict BAFs of
POPs in organisms that are in good agreement with observed BAFs as
indicated by the model bias, which ranged from 0.62 to 5.31. A comparison of the behavior of the new model to that of a previous aquatic BAF
model by Arnot and Gobas (2004) shows that the models are comparable
in their ability to predict BAFs. However, the new model can be used for
a much wider variety of biological organisms, including organisms from
both aquatic and terrestrial animals. We think that the new model will
be able to better assess the potential for bioaccumulation in biota than
previous models.
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RP055 Effects of Landscape Factors on Mercury and Methylmercury
Contamination and Bioaccumulation in East Fork Poplar Creek
Watershed, Tennessee
S. Adelanke, Environmental Science
Heavy metals such as mercury (Hg) and methyl mercury (MeHg) are the
major contaminant to the biotic community in East Fork Poplar Creek
(EFPC). The EFPC watershed has been polluted and received effluents
over the years by the action of the US Dept of Energy (DOE) facility in
the upstream of the creek. Variation in stream flow, as a result of flooding after the rainfall resuspend the contaminated streambed sediments
and erode the polluted stream bank soil thereby delivers a secondary
source of mercury to the creek. In order to fulfill the state and federal
Government surface water quality standard, a reduction in mercury
concentration to 0.3ppm threshold has been proposed. Application of
remote sensing by using ArcGIS and LANDSAT 5, 7 and 8 in mapping the effects of Hg and MeHg contamination and developing a
geospatial database of Hg contamination in the EFPC watershed is
therefore, be considered. Band 1, 2 and 3 of the landsat produce a blue
green and red color which allows the naked eyes to see the natural image
of the site and to be better analyzed. Mapping of Leaf area index (LAI)
and Chlorophyll through remote sensing of surface reflectance such as
Normalized Difference Vegetation Index (NDVI) will also be applied.
In addition, in-situ analysis of the water and soil sample of the site will
be carried out and compared to the nearby watersheds. The trends of
Hg and MeHg bioaccumulation in Redbreast fish (Lepomis auritus),
Bluegill sunfish (Lepomis macrochirus), Common Carp (Cyprinus
carpio), Large Mouth Bass (Micropterus salmoides), and Rock bass
(Ambloplite rupestris) will be evaluated by analyzing the biochemical,
physiological, growth and nutritional response of the fish. The goal of
this study is to utilize the Landsat imagery to map the EFPC watershed
that has been contaminated with Hg and MeHg. This study will improve
the understanding of the total contaminated area of Hg and MeHg and
its effects on the biotic community. Analysis of the Landsat imagery will
increase the understanding of the landscape level of Hg contamination in
the watershed.

RP057 Joint Toxicity of bifenthrin and Headline AMP© Active
Ingredients to the Amphipod Hyalella azteca
W.H. Mimbs, Oklahoma State Univ / Zoology; J.B. Belden, Oklahoma State
Univ / Integrative Biology
Pesticide contamination typically occurs as mixtures of pesticides due
to runoff occurring from different sources and pesticide products being
jointly applied. Cornfields located in the Rainwater Basin of central
Nebraska frequently receive an aerially applied mixture of pyraclostrobin
containing fungicides such as Headline AMP® and a bifenthrin insecticide such as Sniper®. Additionally, several fungicide formulations include
a second active ingredient such as metconazole. However, the joint
toxicity of these pesticides to non-target aquatic invertebrates has not
been conducted. Thus, this study sought to determine the joint toxicity of
these co-applied pesticide active ingredients and their potential impact
to an aquatic invertebrate (Hyalella azteca) using commonly applied
conceptual models, independent action (IA) and concentration addition
(CA). Each of the three analytes of interest was tested in binary mixtures
(pyraclostrobin/bifenthrin, metconazole/bifenthrin, and metconazole/
pyraclostrobin) as well as one trinary mixture containing all three active
ingredients. Two binary mixtures were created per combination, one
equipotent mixture and a second mixture based upon maximum field
application rates. Whole formulations of Headline AMP® and Sniper®
were also tested in a microcosm experiment individually and as a mixture
based upon maximum field application rates. Despite differing modes of
action, pyraclostrobin, metconazole and bifenthrin were found to exhibit
concentration addition regardless of combination and were not found to
interact. The independent action model under-predicted toxicity, though
still remained within a factor of two of the observed data. The lack of
specificity of the mortality endpoint assessed in this study is thought
to account for the concentration additive effect. Current ecological risk
assessment protocols only consider mixtures toxicity for chemicals of
the same “class” (dioxins, furans, PAH’s etc.) using methods that are
essentially concentration addition. This study adds to the growing body
of literature supporting concentration addition as a conservative, general
solution to chemical mixture risk assessment.

RP056 Evaluating the Role of UV Exposure and Recovery in PAH
Phototoxicity
J. Gnau; J. Oris, Miami Univ / Dept of Biology; A.P. Roberts, Univ of
North Texas / Dept of Biological Sciences Inst of Applied Science
Photo-induced toxicity refers to the ability of a molecule to increase
in toxicity in the presence of solar radiation. PAH are one class of
compounds well known to be phototoxic. Several models for PAH
phototoxicity have been developed that predict toxicity as a reciprocal product of PAH concentration, UV intensity, and exposure time.
However, many of these models do not incorporate biological recovery
time as a factor. All aquatic organisms are exposed to UV light in daily
cycles and not continuously for long periods of time. Thus, inclusion
of non-UV recovery time periods as factors in predictive models will
increase their ecological relevance. The first objective of this research
was to construct phototoxicity reciprocity models under continuous
UV exposure for three differentially toxic model PAHs (anthracene,
flouranthene, and pyrene) using Daphnia magna. D. magna neonates
were exposed to one of the three model PAH (5 concentrations) and UV
radiation (3 intensities) continuously for 24 hours during which mortality was assessed every 4 hours. The second objective was to determine
how different non-UV recovery times alter actual toxicity compared
to values predicted from the constant exposure model. D. magna were
exposed to similar cumulative phototoxic doses as in experiment one,
however, these exposures included non-UV recovery times of varying
frequency and duration. Here we show that, although LC50 values differed between PAH on a mass concentration basis (mg/L) among PAHs,
standardizing to potency resulted in similar phototoxic LC50 s for each
compound and that recovery time was an important consideration in
model development.

RP058 MOAtox: A comprehensive mode of action and acute aquatic
toxicity database for predictive model development
M.G. Barron, USEPA / Gulf Ecology Division; C.R. Lilavois, USEPA /
GED; T.M. Martin, USEPA
The mode of toxic action (MOA) has been recognized as a key determinant of chemical toxicity and as an alternative to chemical class-based
predictive toxicity modeling. However, the development of quantitative
structure activity relationship (QSAR) and other models has been limited by the availability of comprehensive high quality MOA and toxicity
databases. The current study developed a dataset of MOA assignments
for 1207 chemicals that included a diversity of metals, pesticides, and
other organic compounds that encompassed six broad and 31 specific
MOAs. MOA assignments were made using a combination of high
confidence approaches that included international consensus classifications, QSAR predictions, and weight of evidence professional judgment
based on an assessment of structure and literature information. A toxicity database of 674 acute values linked to chemical MOA was developed
for fish and invertebrates. Additionally, species-specific measured or
high confidence estimated acute values were developed for the four
aquatic species with the most reported toxicity values: rainbow trout
(Oncorhynchus mykiss), fathead minnow (Pimephales promelas), bluegill
(Lepomis macrochirus), and the cladoceran (Daphnia magna). Measured
acute toxicity values met strict standardization and quality assurance
requirements. Toxicity values for chemicals with missing species-specific
data were estimated using established interspecies correlation models
and procedures (Web-ICE; epa.gov/ceampubl/fchain/webice/), with
the highest confidence values selected. The resulting dataset of MOA
assignments and paired toxicity values are provided in spreadsheet format
as a comprehensive standardized dataset available for predictive aquatic
toxicology model development.
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RP059 Predicting Abraham Parameters From Molecular Structure
Using a Quantum Chemical Method
D.M. Di Toro, Y.E. Liang, T.L. Torralba-Sanchez, Univ of Delaware /
Dept of Civil Environmental Engineering
Predicting contaminant environmental fate and toxicity is a central problem in environmental chemistry and engineering. Contaminant fate and
effects are largely determined by the extent to which they partition from
the aqueous phase to colloidal, suspended, sediment, and soil particles,
and to receptor sites in biota. Over the years a large number of QSAR
models have been developed that employ Abraham parameters as the
chemical descriptors that explicitly consider hydrogen bonding, polarization and van der Waals interactions. However, in order to apply these
models, the Abraham parameters for the chemical of being evaluated
are required. A review of the available models that estimate Abraham
parameters from molecular structure, in particular Absolv, will be presented as well as a new method that relies on quantum chemical models
to predict solubility in solvent-water systems. Comparisons to presently
available methods indicate that this new method is as successful, and in
some cases, much more successful, in predicting soil-water partitioning
and BCFs than previously available methods.
RP060 Predictive approaches for assessing the environmental safety
of industrial chemicals
Y. Chai, J.W. Davis, R. Ellis-Hutchings, J. Hu, The Dow Chemical
Company / Toxicology and Environmental Research and Consulting
Predictive methods such as in-silico [quantitative structure-activity
relationship (QSAR)] tools and in-vitro methods are efficient and costeffective approaches for assessing the environmental safety of industrial
chemicals in terms of their persistence, bioaccumulation or toxicity (P,B,
or T). These predictive methods can be used at various phases of a chemical product development ranging from screening and prioritizing during
early research and development (R&D) phase to fulfilling regulatory
requirements for product registration. Two separate case studies with
different focus will be presented to exemplify the application of these
tools for assessing chemical safety. The first case study illustrates the
application of high-throughput computational (in silico) tools to conduct
screening level assessment of the PBT potential for over 10 thousand
existing industrial chemicals (4000 of those being discrete organic
chemicals) in an effort to identify and manage chemicals or byproducts
that meet PBT criteria (PBTs). By utilizing the most conservative PBT
criteria in different geographic regions, we prioritized 4000 discrete
organic compounds for potential PBT properties. This high-throughput
computational approach enabled us to effectively screen a large number of compounds and identify those chemicals that are potentially of
environmental concern. The second project illustrates the application of
in-silico (QSAR) tools and in-vitro method (zebrafish embryo toxicity
test) to identify potential aquatic toxicity of new products during early
stages of development. The in silico and in vitro predictive approaches
are valuable although their reliability varies. Acute fish toxicity (in vivo)
test for select compounds would strengthen the reliability of predictions
for the new products.
RP061 Screening chemicals used in hydraulic fracturing for aerobic
and anaerobic biodegradation potential
M. Kawa, C. Rudisill, SRC, Inc. / Environmental Health Analysis; L.
McIlroy, SRC, Inc.; J. Rhoades, L. Morlacci, J.L. Tunkel, SRC, Inc. /
Environmental Health Analysis
A national debate has been occurring about the environmental hazards of chemical ingredients used in hydraulic fracturing. Recently, the
Ground Water Protection Council (GWPC) and the Interstate Oil and
Gas Compact Commission (IOGCC) have provided a publicly available
FracFocus Chemical Disclosure Registry listing many of the non-confidential chemical ingredients used in the fracking process. Additionally,
in June 2015 the EPA issued a report on the Assessment of the Potential
Impacts of Hydraulic Fracturing for Oil and Gas on Drinking Water
Resources. Many of the chemical and physical property trends of the
chemical ingredients used in hydraulic fracturing have been investigated,
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which allows for rapid-screening of fate processes. Biodegradation
is an important fate process in the environment for these chemicals
should they spill or leak. Above ground and underground spills are two
potential pathways of accidental release of fracking chemicals into the
environment. A characterization of the chemicals used in the hydraulic
fracturing process as identified in the Fracfocus database, was performed using EPISuiteTM and professional judgment. Quantitative and
qualitative structure activity relationships (Q )SARs, such as those in
EPISuiteTM, have been used to analyze large inventories of chemicals to
(1) identify emerging contaminants and persistent, bioaccumulative, and
toxic (PBT) chemicals that were not considered in contaminant measurement screening programs, (2) prioritize chemicals for further assessment
from large batches of chemical inventories and (3) assist in filling in data
gaps for the identification of safer chemical alternatives in the absence of
experimental data. Chemicals with potential for aerobic and anaerobic
biodegradation were identified where experimental biodegradation data
was absent. The results from this evaluation provide an indication of the
potential for aerobic and anaerobic biodegradation of chemicals used in
the fracking process.
RP062 Using Web-based Interspecies Correlation Estimation (WebICE) models as a tool for acute toxicity prediction
M. Willming, ORISE at USEPA / Environmental Toxicology; C.R.
Lilavois, USEPA / GED; S. Raimondo, USEPA / Gulf Ecology Division;
M.G. Barron, USEPA / Gulf Ecology Division
In order to assess risk of contaminants to taxa with limited or no toxicity data available, Interspecies Correlation Estimation (ICE) models
have been developed by the US Environmental Protection Agency to
extrapolate contaminant sensitivity predictions based on data from commonly tested species. ICE models are log-linear least squares regressions
that estimate acute toxicity (LC50/LD50) to an untested species, genus,
or family (predicted taxon) from known toxicity of a single surrogate
species. Approximately 2400 ICE models have currently been developed and validated. Databases are available for aquatic animals, algae,
and wildlife using the online Web-ICE tool (http://epa.gov/ceampubl/
fchain/webice/), which also includes modules for endangered species
extrapolation and generation of species sensitivity distributions (SSDs).
Web-ICE toxicity estimates and hazard concentration predictions have
demonstrated high accuracy for closely related taxa, and models can be
used for threatened and endangered species where toxicity data are limited. This presentation will provide an overview of the Web-ICE tool and
approaches for selection of robust models as well as updates on current
work improving model uncertainly and prediction accuracy.
RP063 Validation of a calculation method for molecular size to estimate the bioaccumulation potential
C. Miyata; Y. Matoba, M. Sato, Sumitomo Chemical Co Ltd
The molecular size descriptor, which determines permeability through
biological membrane, can be utilized as an indicative evidence for bioaccumulation potential of chemical substances. The average maximum
diameter Dmaxaver larger than 1.7 nm has been regarded as one of the
Weight-of-Evidence in REACH registration to conclude that a substance is not bioaccumulative. However, it is difficult to estimate all the
possible 3-dimentional molecular structures of highly flexible molecules
in water. We tried to develop a new method to calculate Dmaxaver by
combination of a commercially available molecular modeling package
Hyperchem and our original program calculating 3-dimentional descriptor Dmaxaver. Through the use of systematic structural search method
in Hyperchem, our developed method could estimate probable structures
with high reproducibility in a manner that makes dependence of initial
parameters at the lowest possible level. The Dmaxaver values calculated
by this method were very comparative to those by OASIS for about 70
substances.
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Solution-Focused Risk Assessment
RP064 A Case Study Linking Pesticide Application at Local Scales to
Population-Level Assessment Endpoints for an Endangered Songbird
D. Dishman, Integral Consulting Inc.; N.H. Schumaker, USEPA; T.
Miewald, US Fish & Wildlife Service, Region 1
Interest in risk management approaches to address potential pesticide
impacts on wildlife populations is creating a need for risk assessment
tools that capture interactions between receptor life histories and
spatially-distributed stressors at landscape scales. Here, we illustrate how
a spatially-explicit IBM (individual-based model) can help researchers and regulators link the application of pesticides at local scales to the
range-wide population dynamics of an endangered bird species. We
patterned our simulation model after a subpopulation of the endangered
Streaked Horned Lark (Eremophila alpestris strigata), whose range falls
within Oregon’s Willamette Valley -- an area dominated by agriculture
that also includes a network of natural areas and wildlife refuges. We
use our model to evaluate how basic assumptions about the extent and
pattern of pesticide application affect the predicted responses of horned
larks when comparing increasingly realistic scenarios. Such applications
can also be used to characterize population-level responses to stressors
at large spatial scales, and thereby inform risk management decisions at
large contaminated sites. Further, this work has application in selection
of mitigation measures where the spatial configuration of various potential measures provides differing extents and patterns of refugia. When
comparing hypothetical refuge areas for the streaked horned lark, our
model predicted that the least contiguous configuration would result in
the greatest mitigation of impacts on this population in the Willamette
Valley landscape, contrary to what might be intuitively assumed about
habitat fragmentation effects. These examples demonstrate the utility of
spatially explicit population modeling for incorporating greater realism
into pesticide risk assessments, informing mitigation measure selection,
evaluating simplifying assumptions, and ultimately improving the effectiveness of risk management decisions.
RP065 Conceptual Framework for Trait-Based Ecological Risk
Assessment for Wildlife Populations Exposed to Pesticides
J. Awkerman, USEPA / Gulf Ecology Division
Between screening level risk assessments and complex ecological models,
a need exists for practical identification of risk based on general information about species, chemicals, and exposure scenarios. Several studies
have identified demographic, biological, and toxicological factors that
affect wildlife population viability. Using first principles about inherent
traits that influence exposure likelihood and population-level effects,
a framework is presented for determining species sensitivity to pesticide use. Definitions of population vulnerability, chemical hazard,
and likelihood of adverse effects are based on existing policy-oriented
classification schemes and offer a mid-tier evaluation of risk when data
are lacking. Continued development of this conceptual model will offer a
starting point for risk assessment that is more ecologically relevant than
a risk quotient without the data-intensive and costly methods of speciesand chemical-specific models. This approach offers a mid-level strategy
for acknowledging traits that make populations more vulnerable to lasting impacts from chemical exposure. Essential in this process is targeting
factors that might be incorporated in effects mitigation or management
response as a proactive measure of reducing long-term impacts.
RP066 Water quality criteria and priority setting of typical toxic pollutants in China: Method and a case study of Lake Chaohu
W. Wu; F. Xu, Peking Univ / College of Urban Environmental Sciences
Water pollution has been becoming a serious issue in China since the last
decades, which threatens human health and safety of ecological system.
The contemporary water quality criteria in China however aim to maintain the functionalities of water use such as drinking, irrigation, industry,
landscape etc. while the protection of aquatic organisms and human
health from water pollution is ignored. Moreover, neither the criteria nor
any other related official documents provide instructions, methods or

guidelines for ecological risk assessment on deteriorated water pollution. Therefore, this research aims to present a case study to build the
improved water quality criteria aiming for the comprehensive protection
of organisms in Lake Chaohu, the fifth largest freshwater lake in China.
The species sensitivity distribution (SSD) model was employed to estimate the hazard concentration of various pollutants, which are the pillars
to set up water quality criteria. A novel platform named the Bayesian
matbugs calculator (BMC) was developed to select the best SSD models
among others. The platform which was built upon the Bayesian theories,
WinBUGs and Matlab contains five distribution functions: log-normal,
log-logistic, BurrIII, Reweibull and Weibull models. The toxicity data of
typical toxic pollutants was collected from the EPA ECO-TOX database
(http://cfpub.epa.gov/ecotox/) using search criteria including the type
of freshwater medium, endpoint of half maximallethal concentration 50
(LC50) or half maximal effective concentra-tion (EC50) for algae and
water flea (the effect on water flea shouldbe mortal), exposure duration
of < 10 days and test location of the laboratory. The collected data was
used to estimate parameters of the best SSD model through the BMC
platform. The exposure levels of typical toxic pollutants were obtained
mainly from our group investigation in Lake Chaohu during 2009-2014,
and also from the literatures. Based on these toxicity and exposure,
the ecological risks of typical toxic pollutants in Lake Chaohu were
evaluated, according to which the priority control screening of water
pollutants were determined. This study goes beyond the ecological risk
assessment of single pollutant and analyzes the accumulated potential
affected factors of multiple pollutants which are in synergetic relation.
By doing so, the assessment of the associated ecological risk of multiple
pollutants and the ecological risk on system level can be expected.

Assessing the Potential for Multi-Ion Toxicity
RP067 A Preliminary Assessment of Sulfate Aquatic Life Criteria
J.R. Justice, Ball State Univ / Office of Water; K. Gallagher, USEPA / Office
of Water
Clean Water Act section 304(a) national criteria have not been developed for sulfate, however many states and tribes have adopted sulfate
standards to protect a range of designated uses. The US Environmental
Protection Agency (USEPA) is considering development of 304(a) water
quality criteria to ensure freshwater organisms are adequately protected
from adverse effects due to sulfate exposure. Although natural processes
may produce high sulfate background concentrations, anthropogenic
impacts, such as natural resource extraction, may also contribute to
elevated sulfate in surface waters. Elevated sulfate concentrations may
adversely affect aquatic organisms through osmoregulatory stress.
USEPA is reviewing available literature to assess if data gaps exist and
to identify high quality test data for fulfillment of the minimum data
requirements for deriving aquatic life criteria. A preliminary literature
review suggests multiple acute toxicity tests with benthic and planktonic
crustaceans and bivalves are acceptable for criterion development, while
acute toxicity tests with aquatic insects and fishes, particularly salmonids,
are comparatively few. Given available data, a chronic sulfate criterion
may be developed through an acute-chronic ratio (ACR) approach rather
than a species sensitivity distribution (SSD) approach. Based on the high
sensitivity of mayflies (genera: Ephemerella, Stenonema) to ionic solutions, mayfly toxicity data may serve as a main driver in establishing the
magnitude component of sulfate criteria. USEPA is also assessing how
the ionic composition of freshwaters may influence sulfate toxicity. An
equation-based criterion addressing effects of hardness (or calcium to
magnesium ratio), chloride, and/or other major ions where data availability permits, will most adequately protect aquatic organisms from real
world exposure scenarios. Derivation of a sulfate criterion is an important initial step in understanding how multiple ionic stressors interact in
natural freshwaters to affect aquatic organisms and ecological functions.
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RP068 Ceriodaphnia response to dissolved ions in pulp and paper mill
effluents
C. Flinders, W. Streblow, NCASI; D.L. Cook, NCASI / Dept of Chemistry;
A. O’Brien, K. Toler, D. Campbell, R. Messmer, J. Napack, NCASI
The effect of dissolved solids on biota is a concern for managers and
stakeholders, and efforts to determine the relative toxicity of individual
ions within complex ion mixtures and develop guidelines for aggregate
measures of ion concentrations (e.g., total dissolved solids (TDS), salinity, and conductivity) are ongoing. Pulp and paper mill effluents can have
high concentrations of dissolved solids (TDS >800 mg/L), and efforts to
reduce water use may increase effluent dissolved solids concentrations.
Despite high TDS, there is often no response in 7-day whole effluent toxicity (WET) tests even at 100% effluent. This is likely because
the dominant ions dissolved in effluents are not those shown to be the
most toxic to biota. However, effluents associated with WET tests are
rarely characterized for dissolved ion composition. To better understand
effluent-bioassay response patterns in the context of dissolved ions, we
evaluated the relationship between Ceriodaphnia dubia response and
effluent dissolved solids (including TDS and dissolved calcium, chloride,
magnesium, potassium, sodium, sulfate, and bicarbonate) during WET
tests. Effluents were also characterized for typically measured endpoints
(total organic carbon, chemical oxygen demand, biochemical oxygen
demand, conductivity, pH, hardness, color, nutrients, resin/fatty acids,
terpenes, phytosterols, polyphenols, and neutral volatile compounds).
Bioassay response patterns were evaluated in the context of measured
effluent characteristics, with a focus on dissolved ions and conductivity. The study is still underway, but preliminary findings (n=8 effluent
from six mills) show that the relative concentration of dissolved ions is
variable across effluents, and that the effect of effluent on Ceriodaphnia
survival and reproduction is typically absent or minimal. There is an
inverse relationship between reproduction and TDS/conductivity, but
additive effects from other effluent constituents appear to be contributing to Ceriodaphnia response at higher TDS concentrations/conductivity.
Results will be summarized in greater detail, and will aid in addressing
the potential effects of effluent exposure and reduced water use.
RP069 Chronic toxicity of NaCl and NaHCO3 salts in binary mixtures can be described using additive toxic unit model
A.D. Redman, ExxonMobil Biomedical Sciences; K.P. Christensen,
ExxonMobil Biomedical Sciences Inc. / Dept of Toxicology Env Science; J.
Butler, ExxonMobil Biomedical Sciences, Inc / Environmental Toxicology
and Chemistry Laboratory; T. Knarr, ExxonMobil Biomedical Sciences, Inc.
/ Toxicology Environmental Science; B. Hedgpeth, ExxonMobil Biomedical
Sciences Inc
High, or imbalanced, salt concentrations can impair aquatic life and
therefore require development of environmental quality benchmarks that
are responsive to the range of organism sensitivity and composition of
the exposure. Chronic toxicity (3-brood Ceriodaphnia dubia reproduction) data were developed using a range of combinations of NaCl and
NaHCO3, at ratios of 4:1 to 1:4. Normalization of toxicity data to toxic
units (TUs) showed strong consistency between the different testing
scenarios. This suggests that toxicity of these two salts is largely additive.
Indeed the toxicity data were well described using the total calculated
ionic strength (IS) of the exposure waters. This suggests a general
dysfunction of the osmoregulation in the organism as the salt content
of the exposure water increases. It is also noted that the dose response
is very steep between control waters (e.g., USEPA mod. hard water, ~4
mM IS) and region of substantial toxicity (e.g., >50% effects at >40 mM
IS). Further, comparison of the chronic data to short term survival data
(e.g., 2-d LC50) results in acute to chronic ratios near 2. This conceptual
framework was applied to available laboratory and field data. These data
were developed under constant hardness conditions so broader extrapolation of these results requires future work to assess the potential role of Ca
and Mg ions to mitigate the toxicity of simple salts.
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RP070 Comparison of Field-based Methods for Estimating the
Annual Maximum Specific Conductivity Tolerated by Freshwater
Invertebrates
S.M. Cormier, USEPA / NCEA Cincinnati; C. Flaherty, USEPA / Office of
Water; L. Zheng, Tetra Tech
Two methods were used to evaluate the annual maximum specific
conductivity (SC) that may be tolerated by salt-intolerant genera. One
approach used only water chemistry and another used paired chemical and biological data. The chemical method estimated the maximum
SC that occurred in streams in a region that attained a specified stream
annual average SC 90% of the time. The specified annual average was the
SC estimated to extirpate 5% of genera in an ecoregion. The chemical
method was validated using a paired chemical-biological method. The
paired chemical-biological method identified the maximum SC that
occurred in a stream during the lifetime of univoltine genera with a
phenology of spring emergence. The analysis used observations of the ten
most sensitive genera in the region and the maximum of 6-12 SC measurements taken in the preceding 12 months. The two methods yielded
very similar values. However, the method using only SC (water chemistry) data is likely to be more practical owing to less expensive sampling
of SC compared to sampling of paired biological and SC. The views
expressed in this abstract are those of the authors and do not necessarily
represent the views or policies of the USEPA.
RP071 Saline wastewaters from oil development in the Bakken Shale
region; toxicity to daphnids and aquatic macrophytes in hard, simulated background waters
D. Harper, USGS / Columbia Environmental Research Center; A. Farag,
USGS
The rapid increase in oil and gas production in the Bakken Shale region
of North America, located primarily in the states of North Dakota and
Montana, has resulted in of large quantities of produced wastewater.
On average, oil wells produce 10 barrels of wastewater for every 1 barrel
of oil, and this water is the single largest waste stream associated with
oil and gas production. Waste water from oil and gas production in the
Bakken formation is highly saline (>250,000 mg/L TDS) comprised of
primarily of elevated concentrations sodium, and chloride. The Bakken
formation lies within the prairie pothole region, an area with thousands
of perennial and seasonal wetlands, ponds, lakes and streams which
provide critical wildlife habitat for migratory birds and other wildlife.
The water chemistry of natural surface and groundwater within the
region is highly variable, depending on precipitation, but is generally
elevated in hardness (>300 mg/L as CaCO3) and sulfate (>300 mg/L).
It is important to understand toxic effects in varying background waters
where spills or leaks might occur relative to the natural water chemistry
of the region to enhance the real-world applicability of science related
to salt toxicity. We investigated the effects of NaCl on Daphnia magna
and Lemna gibba (duckweed) in reconstituted, hard waters simulating
the surface waters of the prairie pothole region (base water hardness 375
mg/ as CaCO3), sulfate 250 mg/L, pH 8.8). Acute toxicity (48-h LC50)
for NaCl in hard water to D. magna was 6,355 mg/L and to duckweed
was approximately 5,500 mg/L (7-d). Preliminary results from chronic
toxicity experiments indicate duckweed 21-d reproduction is affected at
concentrations < 1,000 mg/L NaCl. These effect concentrations for NaCl
are an order of magnitude lower than chloride and sodium concentrations measured in saline waste water.
RP072 The chronic toxicity of multi-ion exposures to fathead minnows (Pimephales promelas)
K.A. Johnson, S.J. Klaine, Clemson Univ / Inst of Environmental Toxicology
CUENTOX
Dissolved ions, although natural components of aquatic systems, can
become elevated due to many anthropogenic activities such as mining
operations, agricultural irrigation and salt application to roads. This
increase in dissolved ions ultimately leads to an increase in salinity.
Freshwater organisms must use energy to maintain a homeostatic ion
balance between their internal and external environments. If the external
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ion concentration increases, freshwater organisms must utilize more
energy towards ionoregulation, thus reducing energy for other important
biological functions such as growth and reproduction. Previous research
has suggested that an overall increase in ion concentrations may not
provide the best insight in toxicity, but rather the specific ions present. Seven-day static, renewal exposures were performed in accordance
with USEPA standard methods for Ca2+, Na+, Mg2+, HCO3-, SO42-,
and Cl- as single ions and in binary mixtures to determine the effects
of growth in Pimephales promelas (fathead minnows). Growth effects,
described by EC50s, indicated that the relative single ion toxicity was
SO42- (0.0195M) > HCO3- > Mg2+ (0.0256M) > Cl- (0.0719M) >
Ca2+ > Na+ (0.167M). Binary ion mixtures were tested using a Titration
experimental design in which the slopes of dose-response curves of single
ions were compared with those of the same single ion in the presence
of a fixed background concentration of a secondary ion to differentiate
between additive and non-additive effects. These results will provide
further insight into the toxicity of ion mixtures to freshwater organisms
and serve as the foundation for the development of predictive models to
manage water quality.
RP073 Total Dissolved Solids Toxicity: Full-Scale Solutions
R.E. Lockwood, Ramboll ENVIRON / Dept of Ecotoxicology
Waste water treatment and industrial water use has become increasingly
efficient over time, increasing salt loading in waste streams. This has
increased the prevalence of Total Dissolved Solids (TDS) related Whole
Effluent Toxicity (WET) issues in areas of the country where water
conservation has not been a critical issue in the past. With increasing
frequency of drought from global warming effects, receiving streams
are under greater challenges to adapt to increases in TDS loadings. In
areas of reduced rainfall TDS concentrations of shallow groundwater
basins increase and stream base flows are reduced. The purpose of this
presentation is to demonstrate an array of solutions to TDS-related
WET by reviews of available technologies and case histories. Solutions
to TDS-related WET are multidisciplinary. Tools for dealing with TDS
came from engineering, the biological/toxicological arena, and regulatory disciplines. The functionality of these tools fall under basic headings
of: Dilution – which are primarily regulatory in nature. Transformation
– primarily from biological / toxicological disciplines. Sequestration
and Substitution – primarily by engineering based controls. Cost effective solutions generally required modeling of multidisciplinary options to
properly inform decision makers, and within each discipline advantages
and disadvantages are apparent. The present array of cost effective tools
for solving TDS-related WET problems is limited, particularly in the
area of engineering controls.
RP074 Toxicity of desalination brine of varying ionic compositions on
embryonic development of Japanese medaka (Oryzias latipes)
A. Kupsco, Univ of California - Riverside / Environmental Toxicology
Program; R. Sikder, Univ of California- Riverside; D. Schlenk, Univ of
California Riverside / Dept of Environmental Sciences
Desalination of seawater and brackish groundwater is a promising sustainable solution to meet growing water needs of California. However,
the environmental impacts of brine disposal need to be evaluated. Brine
disposal into freshwater embayments is often less dilute than disposal
to coastal marine environments, resulting in a large increase in salinity.
Fish embryos and larvae are especially sensitive to changes in salinity.
Furthermore, different ionic compositions of different brine may vary
in developmental toxicity. Limited research has been performed on the
impacts of hypersalinity on chronic embryonic development, particularly
on sublethal adverse effects. To investigate these effects, Japanese medaka
(Oryzias latipes), an euryhaline, model organism, embryos were used. At
fertilization, embryos were treated with: freshwater, artificial seawater (15,
34, 42, 56, and 70 parts per thousand (ppth)), river water modeled after the
San Joaquin Valley and prepared in the lab (15, 20, 25, and 30ppth) and
brine obtained from a desalination facility at Monterey Bay Aquarium in
CA (36, 39, 46 and 57ppth). Survival, hatch, day to hatch and deformities
were recorded. Brine at concentrations greater than 42ppth caused significant decreases in hatch and survival post hatch, and significantly increased

mortality over controls in Japanese medaka. Furthermore, San Joaquin
River water increased deformities, and decreased survival post hatch in
comparison to artificial seawater and desalination brine.

Improving Environmental Risk Assessment
and Management by Applying MechanismBased Effect Models
RP075 A bioenergetic modeling framework to understand effects of
anthropogenic stressors on interacting aquatic species
A. East, Towson Univ / Environmental Sciences; C.J. Salice, Towson Univ /
Biological Sciences Environmental Science
A key challenge to effective environmental conservation and management lies in the development of robust tools to predict impacts of
anthropogenic stress and environmental variation on natural systems.
A bioenergetic framework provides one method to explore and predict these system level effects based on well supported and thoroughly
described ties between energetic variation and subsequent ecological
dynamics. For example, changes in available energy (e.g., algal cell
density) may manifest as a change in primary consumer development
or survival. Further and perhaps more importantly, changes in primary
production may ultimately translate to predictable effects on taxa that
directly or indirectly interact with primary consumers. A dynamic energy
budget (DEB) describes the allocation of acquired energy throughout
the complete lifecycle of an individual organism by incorporating a
dynamic systems approach to describe bioenergetic processes. Using a
generalized DEB framework, models for specific taxa can be developed
to explore the bioenergetic impacts of stress on individual populations
and, accordingly, their dependent trophic linkages. We have developed a
simulation model in the Netlogo environment that links DEBs for multiple, directly competing, primary consumers (freshwater invertebrates)
as a way to explore and predict system wide impacts of chemical stressors
on aquatic systems. Specifically, using existing data, we have constructed
a model system with generic ‘algae’ consumed by Daphnia magna and
Lymnaea stagnalis; both taxa commonly used in ecotoxicology research.
Preliminary results indicate that, in the absence of perturbations such as
chemical stressors, the system reaches a quasi-equilibrium. However, relatively small changes in energetic dynamics can translate to strong effects
on both species. We believe this approach provides a flexible and robust
mechanistic framework for exploring and predicting system level impacts
of anthropogenic disturbances in aquatic ecosystems. Additionally, we
intend to continue the development of this modeling approach to predict
potential fates of aquatic species in Maryland streams subjected to
anthropogenic chemical and physical stressors.
RP076 Adverse outcome pathway assessment for a series of model
toxicants
K. Gillies, Pacific NW National Laboratory; L. Harding, C. Monson,
Univ of Washington; P. Swanson, NOAA / NWFSC; G. Young, Univ of
Washington; T. Cavileer, J. Nagler, Univ of Idaho; I.R. Schultz, Battelle
Northwest Laboratories / Marine Science Laboratory
An adverse outcome pathway (AOP) is a conceptual sequence of events
beginning with a molecular-level initiating event that triggers a cascade of reactions resulting in an adverse outcome upon a population.
Development of a quantitative AOP model requires knowledge of
contaminant dosimetry along with estimation of dose-dependent perturbations (e.g., biomarkers) across varying biological scales (cells→organs→
systems→organism→populations). There are multiple ways to approach
AOP model development, but all aim to utilize existing in vitro and in
vivo data (when available) or QSAR methods when no toxicity data exists
for a particular contaminant. In the future, it is anticipated that new data
will be from in vitro studies, thus AOP models that can readily incorporate data using cellular or sub-cellular assay systems is advantageous. Our
hypothesis is that in vitro assays can provide valid estimates of specific
model parameters used in computational models of fish reproduction.
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To test this, we are applying a computational model of the rainbow trout
hypothalamus-pituitary-ovary-liver (HPOL) axis to extrapolate results
from select in vitro studies of tissues comprising the reproductive axis.
The HPOL modeling provides estimates of target tissue levels that would
be considered adverse (e.g., LOEC, AC50 or other internal dose metric).
The corresponding environmental exposure levels needed to achieve the
unwanted internal dose metric is estimated using both physiologically
based and clearance-volume toxicokinetic models. The complete process
will be presented for a series of toxicants including tamoxifen, a selective estrogen receptor, the imidazole fungicide prochloraz, the androgen
trenbolone and the SSRI fluoxetine. Model predicated estimates using in
vitro derived data will be compared to estimates obtained from whole fish
exposures. Supported by EPA-STAR grant R835167.
RP077 Assessing the risk of adverse reproductive effects on threatened and endangered birds from exposure to pesticides using MCnest
M. Etterson, USEPA / ORD NHEERL Mid-Continent Ecology Division;
K.V. Garber, Office of Pesticide Programs Environmental Fate and Effects
Division
In the 2013 report, Assessing Risks to Endangered and Threatened Species
from Pesticides, the National Academy of Sciences advocated strongly for
the use of probabilistic methods and population models for pesticide risk
assessment. This requires an integrated model of life-history, exposure,
and both acute and chronic effects on the species of concern. In this
poster we will describe the use of a new version of the MCnest model that
uses EPAs Terrestrial Investigation Model (TIM) to generate exposure
profiles and to predict acute mortality. This version of MCnest provides
greater realism in modeling pesticide exposures, incorporating multiple
routes of exposure (e.g., dietary, dermal, inhalation) as well as the potential for acute mortality (whereas previous versions of MCnest considered
only sublethal reproductive effects). We apply the integrated model to
several scenarios involving different combinations of pesticides and listed
species to illustrate how the model can be used to evaluate risk for threatened and endangered birds. Development of the integrated TIM/MCnest
model is part of a larger research effort to develop a fully integrated modeling framework for pesticide exposures to bird populations.
RP078 Ecological relevance in PERA: a DEB-IBM approach
B. Goussen, Univ of York / Environment Dept; C. Rendal, A. Franco,
Unilever / Safety and Environmental Assurance Centre; O. Price, Unilever /
Colworth Science Park; R. Ashauer, Univ of York / Environment
Ecological relevance is increasingly recognised as an important challenge
for environmental risk assessment (ERA). The integration of ecological scenarios with chemical effect models to achieve quantitative ERA
promises to increase ecological relevance of ERA. We discuss some
of the challenges and opportunities involved in bringing these new
concepts into everyday risk assessment for down-the-drain chemicals.
One of the key questions revolves around understanding the protection
goal for anthropogenic stressors in specific ecological scenarios, and
indeed whether certain scenarios require specific modified protection
goals. Once the specific protection goal has been established, a metric
to suit both the specific ecological scenario and protection goal needs to
be defined and agreed. The selection of this endpoint must be carefully considered as different options will lead to different interpretation.
Population-level models linked with mechanistically based bioenergetics models are potential powerful tools for ecologically relevant ERA
because they provide a quantitative link between chemical effects and
ecological factors. However, the practical use and communication of ecological model predictions for decision making may not always be straight
forward. Probabilistic environmental risk assessment (PERA) has been
suggested as a way to make uncertainty more explicit and to account
for biological, spatial and temporal variability. The outcome of a PERA
is typically a measure of expected risk with an associated uncertainty
interval. We present how probabilistic approaches and advancements
in population modeling can be linked to incorporate more ecological relevance into risk assessments while keeping both uncertainty and
variability explicit and transparent. To do so, we use an individual based
model integrating a dynamic energy budget model to assess the potential
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impact of chemicals associated with local environmental characteristics.
This mechanistic model must be applicable to multiple types of stress,
both anthropogenic (e.g., chemicals, wastewater plant effluents) and
environmental (e.g., temperature, predation, starvation, competition).
We also discuss how the magnitude of an adverse event will impact the
level of risk we are willing to accept and argue that the relation between
the level of acceptable risk and the severity of the effect should be made
explicit to facilitate decision-making.
RP079 Exploring the effects of temperature and resource limitation
on mercury bioaccumulation in Fundulus heteroclitus using dynamic
energy budget modeling
B. Clark, USEPA / Atlantic Ecology Division ORD NHEERL; K.
Buckman, Dartmouth College / Dept of Biological Sciences; D.H. Miller,
Mid-Continent Ecology Division; A. Bertrand, I. Kirby, D.M. Champlin,
USEPA / Atlantic Ecology Division; C.Y. Chen, Dartmouth College / Dept
of Biological Sciences; D.E. Nacci, USEPA / Atlantic Ecology Division
Dynamic energy budget (DEB) theory provides a generalizable and
broadly applicable framework to connect sublethal toxic effects on
individuals to changes in population survival and growth. To explore
this approach, we are conducting growth and bioaccumulation studies that contribute to a DEB model, which allows joint acquisition and
interpretation of chemical exposure and stressor effect information that
readily translates into demographic rate changes. Ultimately, we hope to
develop a test framework that connects molecular mechanistic information to population level fitness. As a test case, we are studying the effects
of temperature and resource availability on mercury (Hg) accumulation
in the estuarine fish Fundulus heteroclitus (mummichog). Methylmercury
(MeHg), a potent neurotoxin and global contaminant, accumulates
in marine food webs which raises concerns for human exposure.
Furthermore, warming temperatures, as are occurring with global climate
change, may increase MeHg production and bioaccumulation. Higher
temperatures may result in increased food consumption and increased
MeHg accumulation. However, higher temperatures may also lead to
increased growth and reduced MeHg accumulation through somatic
growth dilution. Recent laboratory work in mummichog suggested that
Hg accumulation increased with temperature, but further study is needed
to understand the interactions between temperature, food availability,
growth rate, and bioaccumulation. In the current study, groups of juvenile
mummichog were fed tuna naturally contaminated with Hg at one of
two feeding rates (3.3% or 10% dry body weight/day) while held at one
of two temperatures (15 or 27 °C) for 28 days. Growth was low in most
treatments, except in fish fed 10% body weight held at 27 °C (40% weight
and 12% length increase). However, from preliminary chemical analyses, MeHg bioaccumulation was similar across feeding conditions but
increased with temperature (~17-fold increase in MeHg concentration
at 27 °C and ~7-fold increase at 15 °C, regardless of feeding rate). The
use of these data in a DEB model may greatly aid in understanding why
temperature is the dominant driver of MeHg accumulation at this scale,
regardless of feeding or growth rate. Overall, this work contributes to the
ongoing development of an ecological modeling framework in a fish with
an extensive toxicological and genomic background.
RP080 Modeling combined effects of exposure to nickel and global
warming: from individual energy budgets to ecosystem processing
N. Galic, Univ Nebraska - Lincoln / School of Biological Sciences; V. Forbes,
Univ of Minnesota / Ecology Evolution Behavior
Freshwater ecosystems provide a number of services that are essential
for human well-being, but are, at the same time, jeopardized by a range
of anthropogenic activities. Changes in historical temperature regimes
are exacerbated by changes in global temperatures, predicted to rise
anywhere between 0.5° and 4° C by the end of the century, which is
already impacting ecosystems worldwide. All these changes are predicted
to have substantial effects on biotic interactions, but also on chemical
toxicity. Temperature-dependency of chemical toxicity is an emerging
topic of research, but has until now been focused mainly on deriving
temperature-dependent ECx or assessment factors. We here present
a study that integrates temperature driven sublethal and lethal effects
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of nickel on energy budgets of freshwater amphipods in a simulated
environment where the temperature and resource dynamics are seasonal.
We model the consequences of exposure to increasing Ni concentrations
for individual energy budgets and life histories, population dynamics and
ecosystem processing. To this end, we developed an individual-based
model (IBM) of a freshwater amphipod, Gammarus pseudolimnaeus. This
amphipod is a shredder of leaf litter, and thus plays an important role in
the decomposition process in freshwater ecosystems. Individual life histories emerge from energy budget dynamics which are driven by external
temperature, resource availability and exposure to metals. The model has
been parameterized on lab and field data. We first estimated metabolic
costs of exposure to Ni on processes such as feeding, maintenance and
growth and compared model output at the individual level to laboratory
data (Besser et al. 2011). We then simulated a number of temperature
and toxicity scenarios and compared the results to baseline simulations.
Exposure profiles were assumed to be constant. We made assumptions
about the temperature-dependency of these costs and show that exposure
to Ni in a warming world may have significant effects on ulitmate body
sizes, population abundance and biomass and the amount of shredded
leaf litter. We also demonstrate a need for a more mechanistic approach
in deriving temperature-dependent toxicities to chemicals. Besser J.M.
et al. (2011) Toxicity of nickel-spiked freshwater sediments to benthic
invertebrates - Spiking methodology, species sensitivity, and nickel bioavailability: p. 53. USGS Scientific Investigations Report 2011-5225.
RP081 Scaling the sublethal effects of methylmercury to yellow perch
population dynamics using adverse outcome pathway framework
C.A. Murphy, Michigan State Univ / Fisheries and Wildlife; M.J. Carvan,
Univ of Wisconsin-Milwaukee / School of Freshwater Sciences; N. Basu,
McGill Univ / Dept of Environmental Health Sciences; J. Head, McGill
Univ / Natural Resource Sciences; F.W. Goetz, Great Lakes WATER Inst
To determine the sublethal effects of methylmercury (MeHg) on yellow
perch population dynamics in Lake Michigan, we used the Adverse
Outcome Pathway (AOP) framework to design our approach. Overall,
we found this framework to be very useful as it provided a way to the link
the diverse disciplines that are necessary to tackle complex issues such as
ecological risk assessment. Two other aspects of this project that made it
particularly effective were the addition of a strong modeling component
and field work. Modeling is a great synthesizing tool, and by having
modelers involved with the design and implementation of the project we
ensured that the data were collected in efficient and meaningful ways to
allow scaling through levels of biological organization. The addition of
the field sampling also provided a way to ground the project in ecologically realistic scenarios. Using the AOP framework we were able to form
a first generation AOP for neurobehavior in larval yellow perch. Our
experiments and modeling were able to identify effects of MeHg from
molecular initiating events (MIE) to population impacts and the construction of the AOP allowed us to generate hypotheses about potential
mechanisms to follow up in future experiments. We also concluded
that the reproductive AOP (defined along the hypothalamus-pituitarygonadal axis) was not important in MeHg exposure for yellow perch.
Other findings from our study suggested that cross-species extrapolations have to be carefully evaluated and validated and that it was
important to consider aspects of absorption, distribution, metabolism
and excretion (ADME) of chemicals. Our overarching conclusion was
that MeHg does not seem to affect HPG axis in yellow perch and only
minimally in the zebrafish, but MeHg does affect larval fish behavior
at certain doses. Our survey of Lake Michigan fish seemed to indicate
that concentrations of Hg in fish tissues are not high enough to induce
the neurobehavior AOP, but high enough levels have been documented
by other authors for Lake Michigan and in other Great Lakes and
other systems; therefore monitoring of fish tissue for Hg concentrations
should be maintained. We also recommend the approach that we used
to determine the effects of MeHg on yellow perch population dynamics
(including AOP framework, modeling, field work), be applied to other
contaminants, species, and systems.

RP082 Scaling up from an individual to a population-level assessment
for risks of pesticides to threatened and endangered birds
A. Kanarek, USEPA / OPP EFED Office of Pesticide Programs; M.
Etterson, USEPA / ORD NHEERL Mid-Continent Ecology Division;
K.V. Garber, E.W. Odenkirchen, USEPA / Office of Pesticide Programs
Environmental Fate and Effects Division; N.H. Schumaker, USEPA
The US Environmental Protection Agency (USEPA), in collaboration with the National Marine Fisheries Service and the US Fish and
Wildlife Service is currently developing a methodology to assess the
risks of pesticides to federally-listed threatened and endangered species. In this poster, we present an integrated modeling approach that
scales across ecological processes to capture mechanistic effects due to
simulated pesticide exposure to listed birds. Through the use of toxicity
translation tools, i.e., the Terrestrial Investigation Model (TIM) and
MCnest (the Markov Chain Nest Productivity Model), we parameterize
a spatially-explicit, stochastic, stage-structured population model with
HexSim to explore probabilistically how impacts to individuals scale to
affect population response and recovery. We illustrate this refined methodology with a specific case study and demonstrate a systematic approach
to interpret standard toxicity data at the individual level in the context
of survival and fecundity at the population level. This effort incorporates
maps illustrating the spatial distribution of listed species habitat, areas of
potential pesticide use, and other quantities of interest in order to assess
pesticide risk to populations across a heterogeneous landscape.
RP083 The Terrestrial Investigation Model: A probabilistic risk
assessment model for birds exposed to pesticides
K.V. Garber, E.W. Odenkirchen, USEPA / Office of Pesticide Programs
Environmental Fate and Effects Division; M. Etterson, USEPA / ORD
NHEERL Mid-Continent Ecology Division
One of the major recommendations of the National Academy of Science
to the USEPA, NMFS and USFWS was to utilize probabilistic methods
when assessing the risks of pesticides to federally listed endangered and
threatened species. The Terrestrial Investigation Model (TIM, version
3.0) is one tool that may be used to address this recommendation. TIM
integrates multiple pesticide exposure routes (i.e., diet, drinking water,
dermal and inhalation) and avian behavior (e.g., bimodal feeding pattern,
movement on and off of a treated field) to determine the probability of
mortality to an individual. TIM may also be used to assess the probability and magnitude of mortality to a group of birds that have ranges
overlapping with a treated field and its edge habitat. This poster presents
analyses of pesticide risks to listed birds. This poster also discusses potential applications of TIM for considering sublethal effects to individuals
and to a listed population. In terms of sublethal effects, exposure estimates generated by TIM can be used by MCnest to determine potential
declines in annual fecundity. TIM-generated probabilities associated
with mortality and MCnest fecundity projections can serve as inputs to
additional models to assess potential risks at the population level.
RP084 Using mechanistic effect models in regulatory risk assessments
– Experiences from a modeler’s perspective
M. Meli, J. Ludwigs, Rifcon GmbH
In our contribution we will present a spatially-explicit individual-based
population model (IBM) of the collembolan Folsomia candida, which we
have used as refinement option in the risk assessment (RA) of plant protection products in the EU. Model rules and parameters are based on data
from the literature. The model uses data from standard laboratory tests for
toxicity; for exposure soil load, application date and DT50 are used, while
information on crops and application methods is needed for the simulation
landscapes. Temperature is implicitly taken into account as it affects the
values of several life–cycle parameters. Temperature profiles are derived
from the meteorological data used in FOCUS models. Soil moisture is
also implicitly represented and it affects the availability of food resources.
First, using results of simulations conducted in support of a currently
registered product we will show how model outputs have been linked to
the specific protection goals. Comparing the model-based RA with the
standard RA for soil invertebrates we will also highlight how the former
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incorporates more ecological relevance, e.g., through inclusion of factors
like realistic spatial distributions of the toxicant and variable temperatures.
Second, we will discuss our experience in using the EFSA opinion on
good modeling practice. In particular we will focus on the issues a modeler not used to regulatory RAs might face when dealing with the opinion.
For instance, in our experience the division of model documentation into
conceptual, formal, computer and regulatory model is inefficient and not
easily applicable, at least to IBMs. Finally, with our contribution we will
draw attention and help clarify an issue that in our and other modelers’ view is hindering the inclusions of effect models in RA: uncertainty.
We will compare a lower-tier and model-based RA to show how with
modeling the system of interest is analysed in depth, thus allowing to
identify the processes and parameters which are more uncertain. Once
these are made explicit the risk assessor can apply a safety factor if there is
a chance the risk is underestimated due to uncertainty. Otherwise, worst
case assumptions can be taken while designing the model itself to ensure
the conservatism of its results. In lower-tier RA the same uncertainties
are present, as the system being assessed is the same, but they are implicit,
thus the safety factors applied due to uncertainties are more arbitrary.

“-Omic” Technologies and Their Real-World
Applications
RP085 Auto regressive moving average model represents high dimensional toxicogenomic data and improves clustering performance
S. Rahman, Northeastern Univ / Civil Environmental Engineering; A.
Gu, Dept of Civil & Env Engineering / Dept of Civil and Environmental
Engineering
Toxicogenomics technology combined with bioinformatics presents
promises for Tox21 vision of predictive toxicology to transcend the
limitation of conventional toxicological approach. Toxicogenomic
assays produce high dimensional data such as time series data that
include genes, time, treatment conditions, and doses, which involve
noisy and redundant information as well. Noise and redundancy affect
the efficacy and accuracy of clustering performance, which is known
as curse of dimensionality. Dimension reduction method such as
Principal Component Analysis (PCA) has been used to remove noise
and redundancy, which projects data into lower dimensional subspace
by maximizing variances retained and minimizing the square root error.
However, PCA does not consider temporal correlation among gene
expression profiles. In order to investigate the performance improvement
from temporal profile considerations, we have applied Auto Regressive
Moving Average (ARMA) model, which use regression method to fit the
observation at specific time point from the past observations, to fit the
gene expression profiles. Estimated ARMA model features is then used
to represent the dataset into lower dimensional subspace. Furthermore,
a reduced dimensional dataset is created from the shared stress response
pathway revealed through gene enrichment analysis. We have compared
the consensus clustering results that used original high dimensional dataset, PCA-reduction based dataset, dataset reconstructed with ARMA
features, and stress-response pathway based dataset, respectively. Rand
index, which determines the similarities between clusters generated from
different datasets, is estimated for the clusters generated from different
datasets comparing with the clusters generated with original data as the
reference. It is observed that, separations between groups are not well
defined for the original dataset and PCA based data slightly improved
the separation between clusters. However, ARMA features based dataset
finds more distinctly separated clusters. However, stress response pathway based dataset yields in the most distinctly separated groups among
all the three datasets which is may be due to excessive data compression.
Rand indices indicate that, clusters from PCA based dataset is the most
similar to the clusters of original dataset, followed by ARMA feature
based clusters. On the contrary, stress response pathway based cluster is
the most distant from the clusters of original dataset.
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RP086 Diversity of sediment microbial community in response to
acid mine drainage pollution in the Hengshi River (Southeast China)
S. Tang, School of Environment and Sustainability; X. Zhang, Nanjing Univ
/ School of the Environment; M. Wang, Sun Yat-sen Univ; J.P. Giesy, Univ
of Saskatchewan; H. Liu, Nanjing Univ; M. Hecker, Univ of Saskatchewan /
School of the Environment and Sustainability and Toxicology Centre
Acid mine drainage (AMD) is one of the most environmentally threatening byproducts of the mining industry. Despite its extreme toxicity
and acidity, many environments receiving AMD harbor numerous acidophilic and metal-tolerant microorganisms; however, our understanding
of the roles of geochemical factors in shaping microbial community
structure and the potential of microorganisms in natural attenuation of
AMD is limited. Located in Southeast China (Guangdong Province),
the Hengshi River is continually contaminated by AMD produced by
the Dabaoshan mine, providing an opportunity to explore the effects of
AMD-impacted environments on microorganism communities. In this
study, twenty-seven sediment samples including five controls were collected and geochemical and molecular biological analyses were integrated
to characterize the spatial distribution of microbial communities along
the Hengshi River. The geochemical/physicochemical parameters (e.g.,
pH, conductivity, total organic carbon) of water and sediments significantly differed among samples collected from environments that differed
in their extent of contamination with heavy metals (Cd, Cu, Zn, Pb, and
As). Next-generation and high-throughput sequencing (16S metagenomics) was then employed to determine microbial community structure and
diversity at each site. Results showed the most abundant prokaryotic
organisms in all samples belonged to the Firmicutes and Proteobacteria
phyla. Other phyla, such as Actinobacteria, Acidobacteria, Bacteroidetes,
and Nitrospirae that have previously been reported to be characteristic
for AMD contaminated environments were also detected in the libraries
retrieved from Hengshi samples. At the genus level, Halomonas showed
relatively high abundance of over 2% in all the sequencing libraries,
and was especially dominant in the upstream samples compared to the
reference sites. Our findings offer a direct and reliable reference on the
diversity of microbial communities in the presence of extremely high
metal concentrations, and may have potential implications for in situ
bioremediation strategies of AMD contaminated sites.
RP087 Ecotoxicoproteomic approach to biomarker assessment in
Crassostrea brasiliana exposed to diesel fuel water-accommodated
fraction (WAF)
G. Muller, D. de Lima, Unive Federal de Santa Catarina / Biochemistry;
A.P. Fraga, Unive Federal de Santa Catarina / Departamento de
Aquicultura; K.H. Luchmann, M.R. Marques, A. Bainy, Unive Federal de
Santa Catarina / Departamento de Bioquímica
Toxicoproteomics aims to identify critical biological pathways and
proteins that are affected or respond to the diverse range of xenobiotics arising from environmental contamination. In this context, analysis
of the proteomic profile of the cultivated oyster Crassostrea brasiliana (=
C. gasar) has economic and ecological relevance to the coast of Brazil.
For this purpose, oysters C. brasiliana were exposed to 10% diesel fuel
water-accommodated fraction (WAF) for 24h under controlled laboratory conditions. The protein content of C. brasiliana gills was extracted,
homogenized and subjected to differential centrifugation to obtain the
microsomal fraction. The microsomal fraction was separated by isoelectric point (pI 4 - 7) and two-dimensional gel electrophoresis (2-DE)
polyacrylamide. The changes of each spot (volume %) was compared
between exposed to non-exposed animals, then, it was determined the
differentially-expressed proteins, which were subjected to mass spectrometry (MALDI / MS). After comparison of the 2-DE gels between
control and exposed (24h) it was possible to identify three proteins
differentially expressed (t test, p < 0.05) and their fold changes, such as:
increased expression of NADPH cytochrome P450 reductase (2.2-fold,
p=0,0343), decreased expression of beta 1,3-galactosyltransferase 1
(1.8-fold, p = 0,0236) and decreased of serine kinase PLK4 threonine
(0.9-fold, p= 0,0303) with score identity values 58, 60, 57 (NCBInr) and
values 15%, 37% and 10% of sequence coverage, respectively. The relative
levels of gene transcripts of NADPH cytochrome P450 reductase and
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beta 1,3-galactosyltransferase 1 were investigated by qRT-PCR. This
study constitutes the first analysis focus on protein selection for proteomic
analysis and validation by qRT-PCR in C. brasiliana to early PAH exposure. The identification of target proteins may help to assess the potential
effects of oil products in the expression of proteins in C. brasiliana as a
sentinel species. Support by: CAPES/INCT-TA, CNPq, FAPESC.
RP088 Gene prediction in the fathead minnow (Pimephales promelas)
genome
T. Saari, USEPA / ORD NHEERL; D.L. Villeneuve, USEPA / MidContinent Ecology Division; G.T. Ankley, USEPA / National Health
and Environmental Effects Research Laboratory; R. Hoke, E.I. DuPont
de Nemours and Company / Haskell Global Centers for Health and
Environmental Sciences; F. Burns, L. Cogburn, S. Deschamps, R. Jackson,
E.I. DuPont de Nemours and Company; P. Schroeder, Helmholtz Zentrum
München / Microbe Plant Interactions
The fathead minnow is a well-established ecotoxicological model
organism, having been widely used for regulatory ecotoxicity testing
and research for over a half century. While a large amount of molecular information has been gathered on the organism over the years, to
date, the fathead minnow genome has been largely uncharacterized.
To address this limitation, high-throughput Illumina technology
was recently employed to sequence the fathead minnow genome.
Approximately 100X coverage was achieved by sequencing several
libraries of paired-end reads with differing genome insert sizes. Two
draft assemblies were generated using the SOAPdenovo and String
Graph Assembler (SGA) methods. Mapping a set of highly conserved
eukaryotic genes to each assembly revealed the SOAPdenovo assembly as
adequate for initiating the gene prediction and annotation process, with
91% of genes mapping completely, and 74% entirely on one scaffold. The
gene prediction process was initiated using the ab initio capabilities of
the program AUGUSTUS. Different training sets of gene structures—
derived from aligned homologous protein sequences, known fathead
minnow protein sequences, or both—were tested to optimize ab initio
gene prediction accuracy. Of the training sets tested, a recently-released
species model for zebrafish performed the best, delivering an exon-level
sensitivity and specificity of 65.6% and 72.7%, respectively. Using this
model, 44,401 potential coding sequences were found within the fathead
minnow genome. A second iteration of gene prediction will make use of
extrinsic gene information, such as fathead minnow expressed sequence
tags (EST) and protein alignments, to improve accuracy. Over 20,000
EST clusters have been aligned to the fathead minnow genome using
exonerate. The ongoing process of annotation will provide further
molecular characterization useful for future design of ecotoxicology
studies using the fathead minnow. The contents of this abstract neither
constitute nor necessarily reflect official USEPA policy.
RP089 Investigating the potential use of frog skin microbiomes to
monitor endocrine disrupting compounds
T. Van Rossum, Simon Fraser Univ / Dept of Molecular Biology and
Biochemistry; E.J. Griffiths, Simon Fraser Univ; R. Lo, Simon Fraser Univ
/ Molecular Biology and Biochemistry; C.C. Helbing, Univ of Victoria / Dept
of Biochemistry Microbiology; F. Brinkman, Simon Fraser Univ / Molecular
Biology and Biochemistry
Municipal wastewater effluents introduce a variety of pharmaceuticals
and personal care products (PPCPs) into the aquatic environment, which
have the potential to perturb diverse biological processes by disrupting hormone function. Effective environmentally-relevant methods for
detecting endocrine disrupting compound (EDC) activity are lacking,
particularly for thyroid hormone (TH)-disrupting activities. One model
to test for EDCs is based on TH-dependent tadpole metamorphosis:
tadpoles exposed to TH will become froglets, but this effect is blocked
if TH-disrupting chemicals are present. Because this model relies on a
binary outcome, it lacks sensitivity. Further, like many models, it looks
at a single animal outcome instead of evaluating the impact of contamination on the whole community. While evaluating changes across a
macrobiotic community is difficult, microbial communities provide an
opportunity to survey population-level community changes, and may

provide more sensitivity and complement additional tadpole studies
(behavioral etc.). Bacterial communities can be taxonomically profiled
by DNA-sequencing a phylogenetic marker gene (16S rRNA amplicon
sequencing). Such profiling has revealed that frog skin-associated bacterial communities reflect host changes. In order to investigate the effect
of PPCPs on frog skin microbiomes and whether they could be used
to monitor TH-disrupting chemicals, we are profiling their bacterial
composition across chemical exposures and life stages. Skin microbiome
samples were collected from Rana catesbiana tadpoles exposed to TH,
TH and a cocktail of PPCPs, and suitable controls, all under conditions
similar to those used for regulatory monitoring. Samples were also collected from unexposed animals across four pre- and post-metamorphic
life stages. More studies are needed, but preliminary results suggest that
frog-associated bacterial communities vary by life stage and with exposure to TH. Future work will look at more life stages and the effect of
PPCPs. This study will provide fundamental baseline data describing the
variability of frog skin microbiomes over life stages and chemical exposures under controlled laboratory conditions. The results of this study
will contribute to the evaluation of bacterial communities as sentinels of
environmental contamination.
RP090 Lipidomic analysis of eicosanoids in adipose tissue of pansteatitis-affected Mozambique Tilapia from Loskop Dam, South Africa
T. Cantu, Medical Univ of South Carolina / OBGYN; J. Bowden, National
Inst of Standards Tech / Environmental Chemical Sciences Group; M.
Guillette, Medical Univ of South Carolina / Marine Biomedicine and
Environmental Sciences; H. Botha, SANParks; L.J. Guillette, Medical Univ of
South Carolina / Marine Biomedicine and Environmental Sciences OBYGYN
Kruger National Park (KNP) had large-scale mortalities of its largest
predator, the Nile crocodile (Crocodylus niloticus) in the winter of 2008.
Several locations in the Olifants river system saw similar mass deaths
of aquatic organisms. Veterinarians at the park diagnosed the crocodiles histologically with pansteatitis– a condition known as ‘Yelow-fat
disease’ and characterized by inflammation of adipose tissue (Govender
2010). Concurrent mass mortalities of fish at several locations within
the Olifants drainage indicate that crocodiles and fish appear to share
a common disease etiology – thus, fish could be used as a ‘sentinel’ species for crocodiles. A pilot study was conducted in July 2014 to collect
Mozambique tilapia (Oreochromis mossambicus) samples from Loskop
Dam (upstream from Kruger Park), an area that has pansteatitis-affected
fish populations. The aim of the project was to collect high-quality,
flash frozen samples for lipidomic analysis by Liquid ChromatographyTandem Mass Spectrometry (LC-MS/MS) to further characterize
pansteatitis and identify specific metabolite biomarkers that correlate
with the disease. Eicosanoids are important signaling molecules commonly associated with inflammation and immune response. We have
developed an LC-ESI-MS/MS method capable of quantifying 106
eicosanoids in biological tissues. Here, we examine the adipose tissue of
Mozambique tilapia (healthy and diseased) collected from Loskop Dam,
South Africa. Tissue was flash frozen, cryo-homogenized, spiked with
internal standards, and extracted. The resultant extract was analyzed on
an Agilent 1100 LC system equipped with a C18 column (4.6 x 250 mm,
5 um i.d.). Measurement and quantification of each eicosanoid species
uses standard calibration curves and the concentrations were expressed
as ng/g wet weight. Initial field measurements indicate lower plasma
triglyceride measurements (CardioChek) from pansteatitis-affected fish,
which is a precursor to eicosanoid biosythesis. Preliminary results indicate higher levels of eicosanoids triggered by oxidative stress (13-HODE,
9-HODE) in diseased adipose tissue. Future work will ascertain changes
in eicosanoid metabolites during disease progression and provide insight
on the role of eicosanoids in the development of the disease. This is the
first study to investigate global eicosanoid signaling analytically in the
adipose tissue of a wild population with pansteatitis.
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RP091 Metagenomics analysis of microbial communities potentially involved in natural copper depletion at a proposed Northern
Canadian mine site
M. Pylatuk, Simon Fraser Univ / Biology; T. Van Rossum, Simon Fraser
Univ / Dept of Molecular Biology and Biochemistry; H. Osachoff, BC
Ministry of Environment / Land Remediation Section; E.J. Griffiths,
Simon Fraser Univ; R. Lo, Simon Fraser Univ / Molecular Biology and
Biochemistry; M. Quach, N. Lower, R. Palmer, Palmer Environmental
Consulting Group; F. Brinkman, Simon Fraser Univ / Molecular Biology and
Biochemistry; C.J. Kennedy, Simon Fraser Univ / Dept of Biological Sciences
Due to the environmental persistence, bioaccumulation and toxicity of metals released by mining activities, mitigation methods are
crucial to minimize the impacts of mining projects in aquatic environments. Bioremediation is one mitigation strategy used to reduce metals
concentrations in watercourses. At a potential mine site in Yukon,
Canada, elevated copper (Cu) concentrations and low pH are found in
headwaters near a naturally mineralized area. However, Cu concentrations downstream are greatly reduced and the pH is no longer acidic.
Physicochemical properties do not appear to be the cause of these Cu
reductions and it has been proposed that unique microbial communities
are responsible through Cu immobilization; thus, natural bioremediation may be operating at this site. To investigate the role of microbes in
sequestering or transforming Cu from the water, triplicate biofilm samples
from 5 sites along the water course were collected: upstream of Cu introduction, at the confluence with a Cu-rich tributary, 200 m downstream
of Cu introduction where Cu levels were already reduced, and 2 and 7
km further downstream where Cu concentrations were naturally low.
Taxonomic microbiome profiles based on DNA sequencing of 16S amplicons were compiled. Clear relationships between total Cu concentrations,
pH and the microbial communities were evident. In the most Cu-affected
samples, the communities were dominated by a particular bacterial family, which contains species with metal oxidizing capabilities. Shotgun
sequencing profiled the genes present in microbiomes from the most
Cu-contaminated sampling location and the area immediately upstream
and the results suggested that microbes in this area are well adapted to
tolerate heavy metals, with genes that encode efflux pumps, cell wall
components, and metabolic processes for metals tolerance. This initial
study builds fundamental knowledge of aquatic microbial communities
at this potential mining site. These results inform hypotheses for future
experiments to support the development of bioremediation approaches,
highlighting the use of native microorganisms at mining sites.
RP092 Pathway-Based Points of Departure in Zebrafish Embryos to
Identify Adverse Outcomes for Hazard Screening
K.A. Gust, ERDC-EL-EP-P / Environmental Laboratory; M.
Wilbanks, L. Burgoon, US Army Engineer Research and Development
Center / Environmental Laboratory; N. Vinas, Mississippi State Univ
/ Environmental Laboratory; N. Barker, US Army Engineer Research
and Development Center; P. Gong, J.K. Stanley, E.J. Perkins, US Army
Engineer Research and Development Center / Environmental Laboratory
To avoid dead end product-development efforts and unanticipated
liabilities incurred from newly-developed materials, the US Army requires
robust hazard screening at earlier phases in the life cycle of materiel
development. The goal of the present research and development effort is
to expand the utility of zebrafish fish embryo toxicity (zFET) testing to
provide broad hazard screening of materials at the “synthesis” phase of
development. The approach to achieve this goal is the supplementation
of zFET testing with global-gene expression analyses to identify doseresponsive points of departure (POD) for metabolic pathways involved
in the elicitation of adverse outcomes (AOs) in ecological receptors and/
or humans. At present, we have conducted zFET exposures for six model
chemicals that elicit AOs through six unique adverse outcome pathways
(AOPs). Additionally, we have completed zFET exposures for two well
characterized high-nitrogen (Hi-N) munitions which elicit AOs through
well characterized AOPs and we are currently assessing four new Hi-N
insensitive munitions (IMs) for which AOPs have not been attributed.
Microarray-based global transcript expression will be conducted for the 12
chemicals where control and a minimum of four exposure concentrations
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each including at least four replicates will be analyzed using data and
model-driven approaches to estimate the point of departure (POD) from
the control state within biological pathways. The performance of this
approach for identifying PODs associated with adverse outcomes will be
evaluated for the model compounds and the Ni-N munitions establishing
the utility of this approach for hazard screening and identification. Once
established, the pathway-level POD method will be used to derive preliminary hazard screening values for the four new Hi-N IMs.
RP093 Responses of Early Life Stage Exposure in Madaka to
1,2,5,6-Tetrabromocyclooctane (TBCO) on Transcriptome Level and
Proteome Level
J. Sun, Univ of Saskatchewan / Toxicology Centre; S. Tang, School of
Environment and Sustainability; H. Peng, D.M. Saunders, J.A. Doering,
Univ of Saskatchewan / Toxicology Centre; M. Hecker, Univ of Saskatchewan
/ School of the Environment and Sustainability and Toxicology Centre; P.D.
Jones, Univ of Saskatchewan / School of Environment and Sustainability; J.
Giesy, Univ of Saskatchewan / Dept of Veterinary and Biomedical Sciences and
Toxicology Centre; S. Wiseman, Univ of Saskatchewan / Toxicology Centre
The novel brominated flame retardant (NBFR), 1,2,5,6-tetrabromocyclooctane (TBCO) is has recently been investigated as a potential
alternative to the major use BFR, hexabromocyclododecane (HBCD),
which could have major implications for significant increases in amounts
of TBCO used. Thus, information on its potential effects to environment,
especially on aquatic organism is of concern. In this study, we explored the
adverse effects and global molecular changes in medaka exposed to TBCO
at early life stage (from 1 hour post fertilization until hatch). During exposure, TBCO were taken-up fast in medaka eggs with rates of 1.7 day-1 in
low dose (2.7±0.4 µg/L) and 1.8 day-1 in medium dose (29.6±7.5 µg/L),
and a higher bioaccumulation was observed in low dose (1.3×104 folds)
than in medium dose (8.9×103 folds) after exposure. Delayed hatch were
observed in medium and high dose groups during hatching days between
day 7 to day 13, and final hatching rates were significantly reduced from
81.6±9.5% in control to 54.3±10.0% in high dose (p< 0.001). Molecular
changes in freshly hatched fry from medium group were compared to
control (n=3) based on omics technologies, including abundance of RNA
(transcriptome) and expression of proteins proteome). Reads of RNASeq
were analyzed by TopHat2 and Cufflinks pipeline, and of the 2, 0425
genes identified, 240 significantly changed (142 up-regulated, and 98
down-regulated) in treatment group. Functionally grouped gene ontology
terms showed that many developmental pathways were related, in which
up-regulated genes were enriched in sensory perception, tissue development, and cell-signaling pathways etc., and down-regulated genes were
enriched in lipid metabolism, retina development in camera-type eye, and
sensory perception of light stimulus etc.. Expression profiling of proteins
showed that of the 1, 256 proteins identified, 252 proteins significantly
changed (98 up-regulated, and 154 down-regulated). Up-regulated
proteins were enriched in pathways of cellular metabolic process and
DNA binding, and down-regulated proteins were enriched in pathways
of calmodulin binding, ribosome function, and transmembrane movements. Results of our study provided a comprehensive understanding of
developmental effects of TBCO on medaka at early life stage and potential
mechanisms on transcriptome level and proteome level.
RP094 Toxic Detection by Portable Kit Based on Lysosomal Enzymes
in Saccharomyces cerevisiae
N. Nguyen, Chonbuk National Univ / Bioprocess Engineering; Y. Kim,
Chungbuk National Univ / School of Life Science; J. Min, Chonbuk National
Univ / Division of Chemical Engineering
Lysosome is the cell-organelle which is commonly used as biomonitoring
tool in environmental pollution. In this study, the expression of lysosomal
proteomic in yeast in response with toxic chemicals, such as sodium metaarsenite and tetracycline was analyzed for screening specific biomarkers.
After that, a recombinant yeast contained this biomarker were constructed
for toxic detection, before being exposed with various toxic chemicals.
The toxicity test was evaluated by a portable kit which was designed by
our laboratory; and the FP-6500 Jasco spectrofluorometer (Japan) was
used as the comparison tool. The results indicated that each chemical
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had an optimal dose at which the fluorescent protein intensity reached
the peak. In conclude, the recombinant yeast showed a high ability of
toxic detection in response with several chemicals such as heavy metals,
pesticides or pharmaceuticals. This work was carried out with the support
of “Cooperative Research Program for agriculture Science & Technology
Development (Project title: Extraction and utilization technology development of functional materials in poultry egg white, Project No:PJ01164101)’
Rural Development Administration, Republic of Korea. The authors are
grateful for their support.
RP095 Understanding the effects and mode of action of emerging contaminants (Benzotriazoles) using RNA-sequencing in Daphnia magna
M. Giraudo, Environment Canada; M. Houde, Environment Canada /
Centre SaintLaurent
Benzotriazoles (BTRs) are high production volume chemicals used as
anticorrosive and antifreeze agents in a broad range of industrial and
household applications. Their high polarity, water solubility, and resistance
to biodegradation have resulted in their ubiquitous presence and detection in surface waters, potentially impacting aquatic organisms. BTRs
have therefore been listed as prioritized emerging contaminants under
the Chemical Management Plan of the Canadian government in order
to assess their ecotoxicological effects. The objective of this study was to
measure sublethal chronic toxicity of 1H-benzotriazole (BTR), 5-Methyl1H-benzotriazole (5MeBTR) and 5-chloro-1H-benzotriazole (5ClBTR)
using Daphnia magna, a renowned model for risk characterization of
chemicals. A multi-level toxicological approach, combining genomic and
biomarker analyses and whole organism endpoints, was used to identify
impacted biological pathways, get insight into molecular modes of action
and evaluate impacts on population health. Chemical analyses of the
media were conducted in parallel to determine specific concentrations of
exposure through time. Results showed that the three compounds had
similar acute toxicities (LC50 range from 20 to 60 mg/L) and that only
5MeBTR exhibited chronic effects at the organism level with a significant
increase of the number of molts after 21-d exposure to environmentally
relevant concentrations. High-throughput RNA sequencing was used
to identify differentially expressed genes for the three BTRs. A list of
significantly over- and under-transcribed candidate genes (fold change =
2, p< 0.01) was further analyzed by qRT-PCR to confirm the observed
transcriptomic response. Changes of gene expression were linked to the
protein level by measuring the corresponding protein activity when possible. Taken together, results of this study will give insight into the mode
of action of emerging contaminants at different biological levels, providing
an integrated method for environmental risk assessment.
RP096 Using decision tree to classify trace metal on the basis of
SELDI-TOF MS data of mayfly egg, Ephemera orientalis
H. Mo, Korea Univ / Inst of Life Science and Natural Resources; Y. Kim,
Korea Univ; Y. Lee, Korea Univ.; J. Wee, K. Cho, Korea Univ / Division of
Environmental Science and Ecological Engineering
Class prediction using ‘omics’ data is playing an increasing role in toxicology, diagnosis and risk assessment. Decision tree model was developed
with training set, and then validated with test set from profiling data of
Ephemera orientalis. Machine learning techniques provide a promising
approach to process the information from mass spectrometry data. Even
though the identification of protein would be ideal, class discrimination
does not need it. Proteomics may help to detect subtle pollution-related
changes, such as responses to mixture pollution at low concentrations,
where clear signs of toxicity are absent. Also proteomics provide potential
in the discovery of new sensitive biomarkers for environmental pollution.
We utilized SELDI-TOF MS (surface enhanced laser desorption/ionization time-of-flight mass spectrometry) to analyze the proteomic profile
of E. orientalis exposed to trace metals (lead, zinc, copper, cadmium,
chromium, Nickel, Arsenic) and their mixture. Several highly significant
biomarkers were selected to make a model of classification analysis. Data
sets obtained from E. orientalis exposed pollutants were investigated for
differential protein expression by SELDI-TOF MS and decision tree classification. In the future, this decision tree model would be validated with
various levels of contaminants to apply field samples.

LCA Lessons Learned from Case Studies
RP097 Quantifying the use-phase impact of chemicals in flooring
materials
L. Huang, O. Jolliet, Univ of Michigan / Dept of Environmental Health
Sciences
Traditional practices of LCA have primarily focused on the impacts
of outdoor emissions or emissions during the raw material extraction,
manufacturing and disposal stage. However, there is growing evidence
that near-field chemical intakes during use phase could be as important
as environmentally mediated exposures. Thus, the use-phase impact is
essential to be considered when assessing the impact across a product’s life
cycle. The present study characterized the use-phase impact of chemicals encapsulated in flooring materials, which is expected to be a major
emission source in the indoor environment. A parsimonious model which
describes the diffusive emissions of chemicals from materials and the
subsequent loss by ventilation has been developed to calculate the chemical emissions from vinyl flooring. This model greatly simplifies previous
models and is based solely on explicit equations, which is suitable for
high-throughput calculations. The predicted emissions are then multiplied
by an indoor inhalation intake factor to calculate the product intake fraction (PiF), which determines the fraction of a chemical in a product that
is taken up by humans during its use phase. Inventory emission factors
and human health impacts expressed in DALYs per functional unit were
also calculated by incorporating the PiF and the initial chemical mass
in the flooring material per functional unit. Chemicals tested include 5
SVOCs and 6 VOCs. For 1.5mm-thick vinyl flooring, the PiF via inhalation over 15 years ranges from 2·10-7 to 4·10-3. Average daily intakes are
in the range of 10-5 to 10-3 mg/kg·day. The PiF and daily intakes would
be higher if additional exposure pathways such as dermal absorption and
hand-to-mouth ingestion are considered. The impacts of these indoor
inhalation intakes are of the same order of magnitude as the respiratory effects of outdoor emissions. This study quantitatively evaluates the
importance of indoor air emissions of chemicals encapsulated in flooring
materials, which has been overlooked in LCA. The parsimonious emission model employed in this study can be easily used in high-throughput
screening of the large amount of chemicals encapsulated in building
materials and consumer products, which can enable LCA practitioners
to identify the product ingredients contributing the most impact and to
subsequently target them for improvement of product sustainability.
RP098 Case Study - Life Cycle Assessment of Soy Protein Isolate
A.J. Berardy, Arizona State Univ / School of Sustainability; C. Costello,
Univ of Missouri; T.P. Seager, Arizona State Univ / School of Sustainable
Engineering Built Environm
Life cycle assessments (LCA) of food demonstrate that plant-based
diets have lower environmental impacts than those which include
meat. However, such conclusions are based on a restricted view of
plant-based diets that excludes many available meat substitutes. The
resulting conclusions misrepresent the potential range of environmental
impacts associated with plant-based diets, which depends in part on the
foods people choose as alternatives to animal products. Many realistic
plant-based meat alternatives use soy protein isolate (SPI) to replicate
the textures and nutritional profiles of meats. SPI uses soybean meal
(soymeal) as a feedstock, which undergoes mechanical and chemical
processing that increases the environmental impact of the final product.
These impacts are estimated using SimaPro and expressed in characterized terms of greenhouse gas emissions, freshwater eutrophication, land
use, water depletion, fossil fuel use, and energy use, which are compared
to published values for soybeans, soymeal, tofu, chicken, pork and beef.
Publically available data, published literature and the ecoinvent database
are used in SimaPro to estimate environmental impacts associated with
production of one kilogram of SPI. Results indicate that SPI has global
warming potential higher than unprocessed chicken and pork, and
similar to beef. Freshwater eutrophication associated with SPI is below
impacts associated with chicken, pork and beef. Water depletion and fossil fuel depletion are higher in SPI than chicken, pork and beef. Energy
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use for SPI is lower than energy use for chicken, pork and beef. Land use
associated with SPI is negative because of environmental credits from
allocation to the byproduct of soymeal, soy oil and therefore represents
a lower impact than chicken, pork, and beef. Lessons learned from this
case study include that it is important to consider the role of processing
in the environmental impacts of a food product. Also, these findings
demonstrate that this component of realistic fake meat may not be an
environmentally preferable alternative to chicken, pork, or beef, depending on the impact categories considered.
RP099 Life Cycle Environmental Impacts of Grass-fed Beef
Production in the Northeastern US
N. Tichenor, C. Peters, Tufts Univ / Friedman School of Nutrition Science
and Policy; G. Norris, Harvard School of Public Health / Sustainability and
Health Initiative for NetPositive Enterprise SHINE; T. Griffin, Tufts Univ
/ Friedman School of Nutrition Science and Policy
The Scientific Report of the 2015 Dietary Guidelines Advisory Committee,
the foundational document for next version of the U.S. Dietary
Guidelines, recently concluded that diets lower in animal-based foods
are healthier and less ecologically impactful than the current U.S. dietary
pattern. Compared to other animal products, lower productivity and
enteric fermentation make beef generally more ecologically intensive
per unit output. At the same time, consumers are increasingly interested
in buying beef raised using alternative practices (e.g., pasture-raised)
and/or produced locally. Research is needed to better understand the
environmental impacts of these alternative systems. We quantify the
environmental burdens of beef produced via management-intensive grazing in the Northeastern U.S using cradle-to-farm gate, ISO-compliant
life cycle assessment. Our innovative approach adapts and applies a
herd-level, life cycle livestock feed requirements model by Peters and
colleagues (2015) within LCA. We parameterize this publicly available
model with region-specific data and extend it to calculate herd emissions
to soil, water and air, in addition to land use. We use openLCA for life
cycle inventory compilation and impact assessment. Consistent with
the literature, maintaining the breeding herd accounts for the majority
(> 50%) of climate, eutrophication and acidification impacts. Producing
1 kg carcass weight of beef emits 24 kg CO2-eq GHG emissions and
110 g PO4-eq emissions to water. Compared to conventional U.S. beef
production, this 100 percent grass-based system requires 37% percent
less land per 100 g of protein, with similar GHG emissions. Our findings
illustrate potential ecological tradeoffs related to intensive grass-fed beef
production; beneficial reductions in carbon emissions and land use may
increase nutrient loading to water systems.
RP100 Life Cycle Assessment for Dredged Sediment Placement
Strategies
M.E. Bates, US Army Corps of Engineers, ERDC / Engineer Research and
Development Center; C. Fox-Lent, Engineer Research and Development
Center; L. Seymour, Massachusetts Inst of Technology; B.A. Wender, School
of Sustainable Engineering and The Built Environment; I. Linkov, US Army
Engineer Research and Development Center
Dredging to maintain navigable waterways is important for supporting
trade and economic sustainability. Dredged sediments are removed from
the waterways and then must be managed in a way that meets regulatory
standards and properly balances management costs and risks. Selection
of a best management alternative often results in stakeholder conflict
regarding tradeoffs between local environmental impacts associated with
less expensive alternatives (e.g., open water placement), more expensive
measures that require sediment disposal in constructed facilities far away
(e.g., landfills), or beneficial uses that may be perceived as risky (e.g.,
beach nourishment or island creation). Current sediment-placement
decisions often focus on local and immediate environmental effects from
the sediment itself, ignoring a variety of distributed and long-term effects
from transportation and placement activities. These extended effects have
implications for climate change, resource consumption, and environmental and human health, which may be meaningful topics for many
stakeholders not currently considered. Life-Cycle Assessment (LCA)
provides a systematic and quantitative method for accounting for this
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wider range of impacts and benefits across all sediment management project stages and time horizons. This paper applies a cradle-to-use LCA to
dredged-sediment placement through a comparative analysis of potential
upland, open water, and containment-island placement alternatives in the
Long Island Sound region of NY/CT. Results suggest that, in cases dealing with uncontaminated sediments, upland placement may be the most
environmentally burdensome alternative, per ton-kilometer of placed
material, due to the emissions associated with diesel fuel combustion and
electricity production and consumption required for the extra handling
and transportation. These results can be traded-off with the ecosystem
impacts of the sediments themselves in a decision-making framework.

Environmental or Analytical Chemistry
General – Part 3
RP101 A strategic screening approach to identify micropollutants and
transformation products appearing along rivers
Z. Li, Stockholm Univ / ACES; S. Kaserzon, M. Gómez Ramos, Univ
of Queensland / National Research Centre for Environmental Toxicology
Entox; A. Sobek, Applied Environmental Science ITM; J. Mueller, Entox /
National Research Centre for Environmental Toxicology Entox; M. Radke,
Inst for Hygiene and Environment / Environmental Laboratory
Surface water in urban and agriculturally influenced catchments contains
a large number of emerging organic micropollutants such as pesticides,
pharmaceuticals, and their transformation products (TPs). Many of
these compounds are not included in routine monitoring programs
or routine target analyses as their presence in the environment is still
imperfectly researched. In the past few years, a rapidly growing number
of field studies enabled by high resolution mass spectrometry (HRMS)
techniques have focused on suspect screening and non-target screening
in order to identify such currently overlooked compounds. However, an
efficient and strategic way is still lacking to identify and thus prioritize
the more critical compounds in terms of environmental relevance among
the countless unknowns. In the present work we applied a case-control
approach as a data reduction strategy to identify the organic micropollutants and TPs that appear along rivers. We sampled surface water
between June and August 2014 in four small- to medium-sized rivers in
Sweden and Germany, the catchments of which contained agricultural
areas of diverse crops and urban settlements. Time-integrated samples
were taken over one week with automatic water samplers at both ends of
a river stretch downstream of a sewage treatment plant (STP) outfall: the
upstream sampling site was located directly after the complete mixing
of the STP effluent and the river water, while the downstream sampling
site was located averagely 10 km further but before the next main source
of organic micropollutants into the river. The samples were extracted
and analyzed with LC-QTOF-MS under full scan mode. The upstream
samples were treated as controls, in which the detected components
were compared with those detected in the downstream samples. The
components that 1) existed only at downstream sites or 2) were present at
substantially higher concentrations at downstream sites were kept to be
further identified in a combination of suspect and non-target screening.
Using this case-control approach, components showing a behavior that
can be expected for compounds appearing from diffuse sources along
the reach as well as for TPs can be located and processed further. The
first results from the suspect screening agreed qualitatively with target
analysis performed on the same samples. The non-target screening and
identification of pollutants and TPs is currently ongoing and will be
discussed in this contribution.
RP102 Chemical characterization of indoor dust by comprehensive target and non-target screening using GC-QTOF-MS and
LC-QTOF-MS
C. Moschet, T.M. Young, Univ of California Davis / Civil and
Environmental Engineering
People are exposed to many semivolatile organic compounds (SVOCs)
indoors, through inhalation, and dermal contact. House dust can serve
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as a marker of exposure and is known to be a reservoir for many released
compounds. Many studies showed that house dust is contaminated with
a broad range of chemicals such as pesticides, personal care products,
plasticizers, flame retardants, or polyfluorinated compounds. Most
studies focused on investigating one or several compound classes in a
targeted analytical approach. The recent development of high-resolution
mass spectrometers and corresponding software offers the possibility of
screening for suspected chemicals without having a reference standard or
conducting non-target screening based on molecular feature extraction.
The goal of this study is to comprehensively characterize the chemical
fingerprint in a large set of dust samples that are taken from two groups
of households: families with normal developing children and families
with children having developmental problems. In order to do a reasonable suspect and non-target screening, an analytical method that covers
a broad range of SVOCs needs to be developed. Therefore, 85 frequently
used target chemicals that span the chemical space were selected. Two
extraction methods and instrument methods were optimized for good
recoveries and low detection limits for all of the targets. One extract
was measured on a GC-QTOF-MS using both electron impact (EI)
and chemical ionization (CI), while the other extract was analyzed on
a LC-QTOF-MS using electrospray ionization (ESI). Following the
quantification of the target chemicals, the dust samples were screened
for a large database of chemicals that are in daily use. Thereby, exact
mass screening for chemicals measured by LC-QTOF-MS and GC-CIQTOF-MS as well as comparison with library spectra for chemicals
measured by GC-EI-QTOF-MS was used for the detection of these suspected chemicals. The data evaluation workflow was optimized to handle
the large data set, and tentatively identified compounds were confirmed
by MS/MS measurements. In a future step, it is the goal to identify
remaining important chemicals by comparing molecular features from
the two household groups and to use mass defect filters for the identification of transformation products. This multi-step screening will give new
insights in the chemical fingerprint of US indoor dust by identifying
unknown chemicals that should be further investigated.
RP103 Chronic exposure to acrylamide may produce tumors in the
thyroids of rats by molecular pathways other than direct genotoxicity
N.D. Denslow, Univ of Florida / Physiological Sciences; R. Colli-Dula,
CINVESTAV Unidad Mérida / Recursos del Mar; B. Hansen, Laboratory
of Pharmacology and Toxicology; M.A. Friedman, Kennesaw State Univ
Acrylamide exposure of rats is known to produce follicular tumors in the
thyroid glands. While direct genotoxicity has been assumed to be the
mechanism by which the tumors are formed, there are some inconsistencies with this default mechanism that do not fully explain the occurrence
of the tumors. To assess other potential mechanisms that may also
contribute to the formation of tumors, we undertook a transcriptomics
approach. RccHan Wistar rats were exposed in utero to a carcinogenic
dose of acrylamide (3 mg/Kg bw/day) from gestation day 6 to delivery
and then through their drinking water to postnatal day 35. Male and
female pups were sacrificed either at 10 PM during their active period or
at 10 AM during their quiescent period. Blood samples were obtained for
hormonal analyses and thyroids were collected for transcriptomics. The
thyroid hormones T3 and T4 were increased only in animals collected at
night, suggesting involvement of the hormonal system. Transcriptomics
results showed that all animals exposed to acrylamide showed changes in
pathways related to carcinogenesis such as DNA repair, DNA replication, chromosome segregation, among others. However, animals that
were sacrificed at night also showed increased changes in pathways
related to oxidative stress, detoxification pathways, metabolism, and
activation of checkpoint pathways, among others, compared to controls.
These results suggest that carcinogenesis in the thyroids of acrylamide
treated rats may ensue from several different mechanisms such as
hormonal changes and oxidative stress and not only from direct genotoxicity, as has been assumed to date.

RP104 Contamination profiles of trace elements in sediments of
Savannah River Estuary, Savannah, Georgia, USA
K.S. Sajwan, Savannah State Univ / Dept of Natural Sciences; K. Ballou,
T. Newsome, Savannah State Univ / Dept of Marine and Environmental
Sciences; B.G. Loganathan, Murray State Univ / Dept of Chemistry
Watershed Studies Inst
Savannah River is one of the major rivers in the southeastern United
States. The river is about 560 km (350 miles) long forming most of the
border between the states of South Carolina and Georgia. Savannah
River water is heavily used for industrial activities upstream as well
as in the city of Savannah. Considering the significant quantities of
waste, both of industrial and domestic origin being discharged into the
Savannah River estuary every year, it was of particular interest for us to
evaluate the status of various inorganic elemental contaminations in the
sediments of the Savannah River estuary. The objective of this study was
to examine concentrations of inorganic elements of concern in sediments
collected from selected locations in the Savannah River estuary. The
results revealed that there was a wide variation in the elemental concentration in sediments collected from various locations in the river. Out
of ten locations, concentrations of Cu, Zn, Cd, Cr, and Ni in sediments
were observed below the detection limit of the ICP-OES in majority of
sampling locations. However, the concentrations of Cu, Zn, Cd, Cr, and
Ni were relatively higher at two locations namely Roy Sea Marina and
at the Oil Refinery where the effluent was directly being discharged into
the Savannah River.
RP105 Evaluation of modeling approaches to describe marine natural
organic matter binding with copper
K.E. Croteau, R.C. Santore, A.C. Ryan, Windward Environmental LLC
The toxicity of copper to aquatic organisms can be affected by changes in
pH, natural organic matter (NOM), and cations such as calcium. These
changes are due to changes in the speciation of copper and the interaction between copper and the uptake sites on the organism (called biotic
ligand sites). For instance, the presence of NOM will reduce the chemical activity of dissolved copper, thereby reducing the effects on aquatic
biota. Copper titrations with organic matter suggest that in marine
systems the NOM includes a larger proportion of strong binding sites
when compared to a freshwater system. The Biotic Ligand Model (BLM)
can explain the bioavailability factors including linkages between Cu
speciation and toxicity. The marine BLM for copper was developed using
toxicity data from sensitive invertebrate species. Toxicity data from these
species suggest that NOM is the most important bioavailability factor
in marine systems. Therefore, an accurate description of the chemical
nature of NOM interactions with Cu in marine systems is an important
component of the marine BLM development. Many of the existing
NOM models are based on freshwater sources of NOM and may not be
applicable to marine systems. This poster evaluates different approaches
of modeling marine chemistry including NOM interactions with copper.
A variety of approaches for describing marine NOM will be considered,
including changes to current models that could improve the accuracy of
describing marine NOM binding with copper.
RP106 Investigating 134Cs and 137Cs levels in abiotic and biotic
samples from British Columbia, Canada, following the Fukushima
Nuclear Accident
T.A. Domingo, Simon Fraser Univ / Chemistry; J. Alava, Simon Fraser
Univ / School of Resource and Environmental Management; A. Chester,
Simon Fraser Univ / Dept of Chemistry; N. Gantner, Trent Univ /
Environmental Science Program; U. Rizwan, Simon Fraser Univ / Dept of
Chemistry; A. Sano, Canadian Red Cross; K. Starosta, J. Williams, Simon
Fraser Univ / Dept of Chemistry
The Fukushima nuclear power plant accident on March 11, 2011 raised
global concerns due to the uncontrolled release of radioisotopes into the
atmosphere and Pacific Ocean. With the aim to investigate potential
Fukushima-associated radioactive contamination in British Columbia, a
detailed analysis of 134Cs and 137Cs activity levels (±SD) in abiotic (soil
and clay) and biotic (wild Pacific salmon including Chinook, Oncorhynchus
tshawytscha; chum, O. keta; and sockeye, O. nerka, as well as roof
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plant-material) samples collected in British Columbia was performed using
gamma-ray spectroscopy. The extended source shape of each sample was
modeled using the GEANT4 software package, previously developed to
model the Germanium Detector for Elemental Analysis and Radioactivity
Studies (GEARS), in order to measure the larger environmental samples. 134Cs and 137Cs activity levels were compared relative to 40K,
a Naturally Occuring Radioactive Material (NORM), to examine the
impact of anthropogenic radiation relative to existing natural background
radiation. In abiotic samples, the maximum 134Cs and 137Cs activity
concentrations measured were 1.33(17) and 155.6(19) Bq/kg respectively
while in the salmon biotic samples, the maximum 137Cs activity concentration measured was 2.8(4) Bq/kg. 134Cs was not detected in any of the
salmon samples. In the single plant biotic sample, the activiy concentrations for 134Cs and 137Cs were measured to be 13.1(2) and 54.4(8) Bq/kg.
The Minimum Detection Limit (MDL) was calculated for samples where
neither 134Cs or 137Cs were detected to provide an upper limit for the
amount of each radioisotope present. The maximum ratio of anthropogenic
activity to naturally occurring activity in all of the samples measured was
0.0336(9) and 0.68(2) for 134Cs/40K and 137Cs/40K respectively, though
the required ratios to give equal dose contributions from man-made and
naturally occurring radioactivity would be 2.83 and 2.38. It was observed
that in the samples where 134Cs was positively identified, 7Be was also
detected, suggesting the contribution of 134Cs into these samples may
have been through atmospheric deposition rather then through ocean currents. For all samples, the measured activity concentration of 134Cs and
137Cs were below 1000 Bq/kg, the 134Cs and 137Cs action level for commercial food and beverages established by the Canadian Guidelines for the
Restriction of Radioactively Contaminated Food and Water Following a
Nuclear Emergency.
RP107 Screening Crude Oil-Polluted Water for Endocrine Activity
C. Clark, J.T. McGuire, D. Martinovic-Weigelt, Univ of St. Thomas / Dept of
Biology; A. Lukowicz; I.M. Cozzarelli, USGS / National Research Program
Between 1.7 and 8.8 million metric tons of oil are released into the environment each year. According to USEPA data, nearly half of all spills are
from pipelines such as a major spill near Bemidji, where a crude oil transport pipeline burst in 1979. After the initial cleanup effort, 2,500 barrels
of crude oil still remained, and the oil had infiltrated the aquifer. Thus,
it is important to understand oil plume toxicology to appropriately assess
biological and ecological risk. Current petroleum risk assessment considers mainly carcinogenic effects, but recent studies have demonstrated the
potential for some petroleum substances to act as endocrine disrupters,
particularly estrogenic and androgenic. Water samples were collected
from 20 locations at the National Crude Oil Spill Fate and Natural
Attenuation Research Site, near Bemidji, MN, which has been the focus
of multidisciplinary natural attenuation research for more than 30 years.
Groundwater sample locations were chosen to represent weathered crude
oil, degraded to various known and unknown metabolites under a range
of hydrologic and redox conditions. Cell assays were performed using
the T47D-KBluc and MDA-KB2 lines to determine the estrogenic and
androgenic potencies of the water samples. Endocrine activity was interpolated by the least-squares means procedure from a nonlinear sigmoidal
dose response curve fit to the relative luminescence units of the estradiol
or testosterone standards (Prism 6.01, Graph Pad Software Inc.). In vivo
survival and reproductive toxicity Daphnia sp. assays (following OECD
protocols, no. 202: Daphnia sp. Acute Immobilization Test andTG211:
Daphnia 21 D test) will be performed to evaluate acute and chronic toxicity to invertebrate survival and reproduction. Preliminary results suggest
that these waters may exhibit endocrine activity, but the relationship with
crude oil contamination is unclear.
RP108 The Influence of Alternating Wetting and Drying on the
Nutritional Quality of Rice Grain
S. Rothenberg, Univ of South Carolina / Environmental Health Sciences; M.
Anders, The Dale Bumpers National Rice Research Inst; L. Baker, Univ of
South Carolina
Background: Globally, most rice is cultivated under standing water.
However rice farmers are pressured to replace this practice with
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alternating wetting and drying, which reduces water use and emissions of
greenhouse gases. It’s uncertain whether intermittent periods of drying
and wetting alter the nutritional quality of rice, specifically the accumulation of metal(loid)s in rice grain. Objectives: Aquaporins are channel
proteins that facilitate the uptake of water, and some metal(loid)s. Our
main objective was to establish whether the uptake of metal(loid)s differed between water treatments. Our second objective was to determine
whether changes in the transcriptional abundance of aquaporins in rice
roots were associated with differences in the nutritional quality of rice.
Methods: Rice (O. Sativa, Nipponbarre) was cultivated in rice fields in
Stuttgart, Arkansas, using 4 water treatments, ranging from continuously flooded (wettest treatment) to rows irrigated to 40% of water
capacity (driest treatment), and there were 4 replicate fields for each
water treatment (n=16 fields). Rice roots were collected at 4 time points
from each field and frozen in liquid nitrogen for analysis of aquaporins.
Concentrations of metal(loid)s were analyzed in rice grain. Results:
Transcriptional abundance of 15 aquaporins in rice roots differed at 4
time points, but did not differ significantly between treatments. For
total mercury, methylmercury, arsenic, arsenite, and selenium, median
concentrations were similar or reduced under drier conditions compared
to flooded treatments. For zinc, nickel and cadmium, median concentrations were somewhat higher under drier conditions. Conclusions:
The nutritional quality of rice differed when rice was cultivated using
drier methods, in some cases improving nutritional quality (e.g., lower
methylmercury and arsenic, and higher zinc), and in some cases reducing
nutritional quality (e.g., higher cadmium). Differences were more likely
due to bioavailability from soil rather than changes in the transcriptional
abundance of aquaporins.
RP109 The InFORM project: An effort to determine the impact of
the Fukushima disaster on Canada’s oceans and residents
J.T. Cullen, School of Earth and Ocean Sciences; K.O. Buesseler, Woods Hole
Oceanographic Institution; J. Chen, Health Canada / Radiation Protection
Bureau; J. Cornett, Univ of Ottawa / Dept of Earth Sciences; E. Frank,
Univ of British Columbia / School of Population and Public Health; J.
Kellogg, Univ of Victoria / School of Earth and Ocean Sciences; J. Mercier,
Health Canada / Radiation Protection Bureau; J.N. Smith, Fisheries and
Oceans Canada / Bedford Inst of Oceanography; M. Trudel, Fisheries and
Oceans Canada / Pacific Biological Station; S. Reynolds, K. Purdon, Univ of
Victoria / School of Earth and Ocean Sciences
The Integrated Fukushima Ocean Radionuclide Monitoring (InFORM)
project is a network involving academic, governmental, and non-governmental organizations, as well as citizen scientists. InFORM is acquiring
data to support a thorough radiological impact assessment for Canada’s
west coast stemming from the Fukushima Dai-ichi NPP accident, and
to effectively communicate these results to the public. Models of ocean
physics simulating circulation and mixing predict that currents in the
North Pacific will transport a plume of seawater contaminated with
FD-NPP radionuclides (dominated by 137Cs and 134Cs) to Canadian
coastal waters in the coming 1-2 years. Indeed, the first contaminated
seawater was detected at the British Columbian coastline by a partner
citizen science intiative Our Radioacitve Ocean (http://ourradioactiveocean.org). Models and open ocean measurements agree that the
incoming plume will result in a small but measurable increase in the concentration of artificial radionuclides in the northeast Pacific. To quantify
this increase, and subsequently assess potential environmental and
human health impacts associated with it, the InFORM citizen science
network will collect seawater samples monthly over the next three years
from 15 coastal locations between Victoria and Haida Gwaii in British
Columbia (BC) and through scientific research expeditions 3 times per
year in the North Pacific and Arctic Oceans. In addition, approximately
100 biota samples will be collected from BC’s coastal waters each year for
radionuclide analyses. Here we report on the most recent results, their
agreement with model predictions, levels in sockeye salmon and steel
head trout and the risk to residents of the Canadian west coast.
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Aquatic Toxicology and Ecology General –
Part 4
RP110 Assessing aquatic toxicity and risks for compounds whose toxicity is based on multiple modes of toxicity - using para-nonylphenol
as an example
C.A. Staples, Assessment Technologies, Inc.; K.K. Coady, The Dow Chemical
Company / Toxicology Environmental Research and Consulting; B. Losey,
Certain chemicals may be designed to have a specific mode of toxicity or
bioactivity (e.g., pesticides); however, other chemicals, particularly industrial chemicals, are not designed for specific bioactivity. It is expected that
such chemicals will have multiple modes of toxicity in aquatic species.
For instance, while para-nonylphenol (pNP) is widely known to interact
with estrogen receptors, high throughput in vitro screens also indicate
that within the same in vitro concentration ranges, pNP also interacts
with nuclear receptors and enzymes important for xenobiotic metabolism,
cytokines that are coupled to immune function, and bioindicators associated with mitochondrial and cellular toxicity. These biological activities
may be expressed at the molecular, cellular, tissue, organ, and organismal
levels of organization. Results are presented for pNP, a data-rich chemical
that show multiple modes of toxicity occur within overlapping exposure
concentrations at the level of bioindicators as well as for organismal and
population endpoints such as survival, growth, development, and reproduction and that sensitive bioindicator endpoints occur at concentrations
that are about a factor of 10 or more lower than concentrations that affect
population relevant endpoints. Similar data are presented for E2 and
EE2, which show a different pattern with adverse apical effects occurring at exposure concentrations where bioindicator endpoints are seen,
indicating the influence of their potent estrogenic mode of toxicity. For a
practical perspective on risk assessment, concentrations for pNP in U.S.
fresh surface water are compared to the NOECs for both bioindicator and
population level endpoints as well as to the chronic freshwater USEPA
Water Quality Criteria (WQC) for pNP (6.6 µg/L). Nearly all surface
water concentrations of pNP are less than both the bioindicator and whole
organism endpoint results obtained from toxicity testing and the WQC.
RP111 Characterization of toxicity pathways of 2,3,7,8-TCDD, PCB
77, and benzo[a]pyrene in white sturgeon using whole transcriptome
and proteome analyses
J.A. Doering, Univ of Saskatchewan / Toxicology Centre; S. Tang, School
of Environment and Sustainability; S. Wiseman, H. Peng, B.K. Eisner,
J. Sun, Univ of Saskatchewan - Toxicology Centre; J. Giesy, Univ of
Saskatchewan / Dept of Veterinary and Biomedical Sciences and Toxicology
Centre; M. Hecker, Univ of Saskatchewan / School of the Environment and
Sustainability and Toxicology Centre
Populations of sturgeons are considered threatened or endangered
worldwide, and there is significant concern regarding the contribution
of pollution to current declines in populations. However, risk assessment
attempts are hampered by a lack of knowledge about the sensitivity of
sturgeons to pollutants of concern. One class of pollutants of concern is
dioxin-like compounds (DLCs), which are known to cause a variety of
adverse outcomes in fishes. These outcomes can include craniofacial and
cardiovascular malformations, pericardial and yolk sac edema, wasting
syndrome, hepatotoxicity, reduced hemopoiesis, immune suppression, and
impaired reproductive and endocrine processes. However, little is known
about adverse outcomes and molecular mechanisms responsible for these
effects in sturgeons. Therefore, this study aimed to predict possible adverse
outcomes as a result of exposure to DLCs in sturgeons through identifying molecular mechanisms in white sturgeon (Acipenser transmontanus).
Sturgeon were exposed to equipotent doses of two DLCs, 2,3,7,8-tetrachloro-dibenzo-p-dioxin (TCDD) and 3,3’,4,4’-tetrachlorobiphenyl (PCB
77) and one polycyclic aromatic hydrocarbon, benzo[a]pyrene (BAP),
administered by intraperitoneal injection. Livers were excised and used
for whole transcriptome and proteome analysis. Transcriptome analysis
revealed 378, 493, and 529 genes were up-regulated by 2-fold or greater
following exposure to TCDD, PCB 77, or BAP, respectively, while 296,
325, and 394 genes were down-regulated by 2-fold or greater, respectively.

BAP altered both a greater number of genes and a greater diversity of
genes relative to TCDD and PCB. TCDD and PCB shared several
pathways known to be perturbed by exposure to DLCs in other fishes,
such as genes involved in angiogenesis, heart and skeletal system development, sensory organ development and neurogenesis, metabolic pathways,
apoptosis, and response to hormone stimuli. BAP perturbed several AhRmediated pathways in common with TCDD and PCB 77, but also altered
genes involved in muscle development, immune response, hemopoiesis,
blood coagulation, and catabolism. This is indicative of BAP triggering
both AhR-mediated and non-AhR mediated pathways while most effects
of TCDD and PCB 77 were believed to be AhR-mediated. Proteome
analysis will be used to link altered transcripts to transcribed proteins to
identify similarities and differences in possible apical adverse outcomes
between TCDD, PCB 77, and BAP in sturgeons.
RP112 Comparing the Effects of PBDEs on Reproductive and
Thyroid Function in Adult and Early Life Stage Fathead Minnows
L. Thornton, E.M. Path, G.S. Nystrom, Texas Christian Univ / Dept of
Biology; B.J. Venables, Univ of North Texas / Biology; M.K. Sellin Jeffries,
Texas Christian Univ / Dept of Biology
Polybrominated diphenyl ethers (PBDEs), manufactured as flame-retardants, have recently been deemed “contaminants of emerging concern.”
Given their ubiquitous nature, exposures are likely to occur during various
life stages. Since the outcomes of chemical exposure are dependent upon
the life stage at which an organism is exposed, it is essential to determine
the effects of PBDE exposures during adult and early life stages. As such,
the objective of this study was to assess the effects of PBDE exposure during adulthood and early life stages on reproductive and thyroid function.
To address this objective, fathead minnows (Pimephales promelas) were
exposed to PBDE-47 during early life stages (0-32 dph) or adulthood. To
assess the expression of reproductive and thyroid-related genes, tissues
were collected immediately following both exposures. In adult minnows,
reproductive success (fecundity, spawning frequency, fertilization etc.)
was monitored for 21 days during the exposure period. In early life stage
minnows, growth was monitored on days 2, 15 and 32 dph during the
exposure period and then after termination of exposure on days 45, 60
and 120 dph. The sex ratio and reproductive success of minnows exposed
during early life stages was evaluated 5 months after the termination of
exposure. Adults exposed to a high dose of PBDE-47 experienced significant alterations in gene expression including decreased ovarian expression
of aromatase in females and increased cerebral expression of deiodinase 2
in males. No alterations in reproductive success were observed. However,
minnows exposed to a high dose of PBDE-47 during early development
had significantly reduced length at 32, 45 and 120 dph and significantly
increased condition factor at 32 and 180 dph. Both low and high dose
groups had significant decreases in fecundity due to reductions in average
clutch size. Exposed groups also experienced significant increases in the
proportion to females relative to males as well as the demasculinized males
in the high dose group as evidenced by a significant reduction in nuptial
tubercles. Overall, this study indicates that exposure to PBDE-47 during
adulthood does not impact reproductive performance or thyroid function
despite alterations in gene expression. In contrast, early life stage PBDE
exposures permanently reduce reproductive output and induce inappropriate growth patterns, possibly leading to adverse population-level effects.
RP113 Crafting a Gene Expression Timeline for the Thyroid in the
Early Life Stages of Fathead Minnows (Pimephales promelas)
E. Randolph, USEPA; G.T. Ankley, USEPA / National Health and
Environmental Effects Research Laboratory; D.L. Villeneuve, USEPA
/ Mid-Continent Ecology Division; P. Schroeder, Helmholtz Zentrum
München / Microbe Plant Interactions; K. Nelson, USEPA / Toxic Effects
Branch; S. Robinson, USEPA
The hypothalamic-pituitary-thyroid (HPT) axis plays a number of
critical roles in chordate physiology including regulation of metabolism,
growth, and development. While the role of the HPT axis and thyroid
hormone signaling in mammalian and amphibian development is well
established there is a gap in knowledge surrounding fish species. The
construction of an ontogeny of HPT-related gene expression can help
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toxicologists to predict when an organism is most susceptible to thyroid
disrupting chemicals. In this study a timeline documenting expression
of key gene expression associated with the HPT axis over the course
of early life stages of the fathead minnows (Pimephales promelas) was
constructed. Fathead minnows were raised under optimal laboratory
conditions and sampled every other day throughout their early life, starting from 15 hours post-fertilization continuing up to 30 days post-hatch.
Total RNA was extracted from sampled fish and expression of genes
important to the HPT axis including thyroid peroxidase (TPO), thyroid
stimulating hormone (TSH), sodium-iodide symporter, thyrotropinreleasing hormone, and deiodinases 1, 2, and 3 (Dio 1, 2, 3), and several
sulfotransferases was measured using Real-Time Polymerase Chain
Reaction. TSH and TPO mRNA levels remained very low throughout
embryonic development, but showed a significant increase immediately after hatching. Peaks in TSH and TPO expression corresponded
closely with known peaks in thyroid hormone concentrations during
larval development and also corresponded with periods of posterior
and anterior swimbladder inflation in the species. Dio 1 and 3 mRNA
expression was observed during embryonic and larval development. Dio
2 mRNA expression was low throughout embryonic development, but
increased significantly following hatching and throughout larval development. These results suggest that fathead minnows begin synthesizing
endogenous thyroid hormone following hatching, while maternallyderived thyroid hormone appears important for embryonic development
through the action of Dio 1 and 3. This basic understanding will aid the
development of adverse outcome pathways detailing impacts of thyroid
axis disruption during fish early life stages. The contents of this abstract
neither constitute nor necessarily reflect official USEPA policy.
RP114 Determining the Effects of Bisphenol A (BPA) on
Reproduction in Caenorhabditis elegans
T. Gray; X. Pan, East Carolina Univ / Biology
Bisphenol A (BPA) is a phenolic compound used in the production of
plastics and resins. BPA can be found in a variety of products ranging from DVDs to plastic water bottles. Due to the hormone like
characters exhibited by this compound and the growing public health
concerns, scientists have been investigating the effects of BPA exposure
on environmental and human health. The purpose of this project is to
determine the effects of BPA on reproduction using the model organism Caenorhabditis elegans (C. elegans), with a focus on spermatogenesis.
C. elegans have been exposed to BPA at various concentrations from L2
(Laval stage 2) phase to early adulthood. Our preliminary work showed
that BPA affects C. elegans spermatogenesis by inducing immature
sperms. The expressions of spermatogenesis and sperm-related genes
have been tested using the quantitative real-time PCR: including gmeb4, spe-11, spe-12, spe-17, spe-27, spr-5, swm-1, tra-1, vbh-1, and spe-8. We
found that several key genes are dysregulated. Future experiments will
study the mating behaviors and signaling pathways potentially affected
by BPA exposure when males are exposed. Considering the conserved
genetic pathways between C. elegans and higher organisms, the findings gained from this experiment will provide valuable insights into the
effects that BPA may have on reproductive health in humans.
RP115 Developmental toxicity and endocrine disrupting properties of
tris(2-butoxyethyl) phosphate (TBOEP) in zebrafish embryos/larvae
Z. Ma, Nanjing Univ / School of the Environment; S. Tang, School of
Environment and Sustainability; H. Liu, Nanjing Univ; J. Giesy, Univ of
Saskatchewan / Dept of Veterinary and Biomedical Sciences and Toxicology
Centre; M. Hecker, Univ of Saskatchewan / School of the Environment and
Sustainability and Toxicology Centre; H. Yu, Nanjing Univ / School of the
Environment
Tris(2-butoxyethyl) phosphate (TBOEP) is widely used in organophosphate flame retardants (OPFRs) and plasticizers, resulting in ubiquitous
environmental dispersion and accumulation in biota, including fish.
However, the potential adverse effects of TBOEP to organisms remain
unknown, especially those that are caused through impairment of
endocrine homeostasis. Therefore, the aim of this study was to explore
the impact of TBOEP on ontogeny and transcription profiles of genes
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along hypothalamus-pituitary-thyroid (HPT), hypothalamus-pituitaryadrenal (HPA), and hypothalamus-pituitary-gonad (HPG) axes, as
well as nuclear hormone receptor (NR) associated pathways in zebrafish
(Danio rerio) embryos/larvae. Exposure to TBOEP (2-5000 µg/L) from
3 h post-fertilization (hpf) to 120 hpf induced developmental malformations in zebrafish with a LC50 value of 829 µg/L at both 96 hpf and 120
hpf. Exposure to 2, 20, and 200 µg TBOEP/L disrupted expression of
genes involved in three major molecular pathways in a concentration
dependent manner at 120 hpf. For NR pathways, 200 µg TBOEP/L
significantly up-regulated expression of estrogen receptors (ERs, er1,
er2a, and er2b) and ER-associated genes (vtg4, vtg5, pgr, ncor, and ncoa3),
indicating TBOEP has stimulatory activity along the ER pathway. In
contrast, expression of genes (mr, 11βhsd, ube2i, and adrb2b) associated
with the mineralocorticoid receptor (MR) pathway was significantly
down-regulated in most cases. Furthermore, in vitro mammalian cellbased receptor activity assays revealed TBOEP had no agonistic activity
against human aryl hydrocarbon (AhR) and androgen (AR) receptors,
which is consistent with transcription data of receptor genes in zebrafish
larvae in vivo. In conclusion, TBOEP exhibited developmental toxicity
and endocrine disrupting effects in zebrafish that are hypothesized to be
mediated through the alteration of steroidogenesis or processes associated
with NRs, particularly ER and MR.
RP116 Effects of cyclooxygenase inhibitor ibuprofen on prostaglandin
synthesis and reproductive behavior in zebrafish
J. Feely, T. Firkus, D. Martinovic-Weigelt, Univ of St. Thomas
Prostaglandins are important for the regulation of steroidogenesis and
ovulation in vertebrates. In fish they also function as female pheromones
that initiate and synchronize male reproductive behaviors. Nonsteroidal
anti-inflammatory pharmaceuticals (e.g., ibuprofen; IB) are designed
to inhibit mammalian cyclooxygenase (COX) enzymes which catalyze
prostaglandin synthesis. The aim of the present study was to examine
the effects of 14 day exposure to IB (50 µg/L) on ovarian COX activity
and prostaglandin F2-alpha (PGF2a) concentrations and reproductive
behaviors associated with prostaglandins. Effects of IB on prostaglandin synthesis pathway were also evaluated; phospholipase, COX 1,
COX 2, and prostaglandin synthase mRNA abundance were measured
using real time polymerase chain reaction. A slight decrease (17%) in
mean ovarian COX activity of IB-exposed females was observed but
this finding was not statistically significant. A similar pattern was
found for the ovarian PGF2a; a decrease (34%) of ovarian PGF2a was
observed in the IB-exposed females, but the difference was not statistically significant. IB-exposed males performed “Tail-Nose”, “Encircle”,
and “Quiver” behaviors with significantly lower frequency than control
males. Attraction behavior tests indicated that release water samples
collected from IB-exposed females were comparably attractive (to unexposed males) as those collected from the control females. Nevertheless,
unexposed males exhibited significantly higher activity levels when
encountering release water from the control females (10.78 ± 2.74, n=16)
vs. IB-exposed females (8.94 ± 2.62, n=24). Our data suggests that shortterm exposure to ibuprofen (at very high concentrations similar to those
found in heavily polluted wastewater effluents) likely impacts quality/
quantity of chemical signals released by females, and has a potential
to alter male-female interactions in reproductively mature zebrafish. It
remains to be determined whether observed behavioral alterations may
reduce male’s ability to locate spawning females and secure reproductive
opportunities. We are currently conducting studies with additional COX
inhibitors to characterize effects on expression of genes associated with
performance of reproductive behaviors, and to facilitate development of
adverse outcome pathways for COX inhibition.
RP117 Embryo Toxicity of Japanese Medaka (Oryzias latipes) through
the Retinoic Acid Signaling Pathway
M. Overturf, Univ of Ontario Inst. of Tech / Faculty of Science Biology; Z.P.
Pandelides, Faculty of Science Biology; D.A. Holdway, Univ of Ontario Inst.
of Tech / Science
The retinoic acid signaling pathway is a major component in the embryonic development of vertebrates where normal development requires
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appropriate amounts of retinoic acid. However, the lack of or excess of
retinoic acid results in developmental abnormalities. To fully understand
the role that retinoic acid plays in embryonic development, Japanese
medaka (Oryzias latipes) embryos were exposed to concentrations of
retinoic acid ranging from 0.016 to 4 µM. A decrease in hatching success was noted with significant reduction of 70.0, 6.7, 3.3, and 0.0%
occurring at 0.063, 0.25, 1.0, and 4.0 µM, respectively. Developmental
abnormalities were observed in hatched larvae. At 0.016 µM, abnormalities such as blood stasis and bent tail were significantly increased.
In addition to blood stasis and bent tail abnormalities, exposure to
0.063 µM resulted in a significant increase in pericardial edema and the
absence of or an uninflated swim bladder. Furthermore, to investigate
gene expression changes, medaka larvae were exposed to 0.1 µM retinoic
acid. At 6 days post fertilization (Stage 36 – Heart Development), RNA
was extracted from embryos and subjected to RNA-seq analysis. A total
of 638 genes were determined to be differentially expressed. Exposure to
0.1 µM retinoic acid resulted in the down-regulation of genes important
to embryonic, heart, brain, and bone development, angiogenesis, and
hatching. These data demonstrate the deleterious effects of over-exposure
of retinoic acid to fish embryos. Additionally, these data may provide
insight into novel biomarkers for the early detection of the negative
impacts many environmental contaminants may have on fish species.
RP118 Environmental gestagens: Exposure effects on the fathead
minnow from receptor activation to altered reproductive biology
E. Orlando, Univ of Maryland / Animal Avian Sciences; T. Frankel, Univ
of Maryland-College Park; D.A. Alvarez, USGS / Columbia Environmental
Research Center; D.W. Kolpin, USGS / Iowa Water Science Center; M.
Meyer, USGS / Organic Geochemistry Research Laboratory
Environmental gestagens include endogenous progestogens, such
as progesterone and 17α,20β-dihydroxypregnenone, which activate
progesterone receptors and have critically important roles in vertebrate
physiology, particularly reproduction. They also include synthetic progestins, such as norethinedrone, levonorgestrel, and gestodene, which
are components of contraceptive pharmaceuticals. Gestagens enter the
aquatic environment through wastewater treatment plant effluent, papermill effluent, and agricultural runoff. A number of gestagens have been
shown to negatively affect reproduction, development, and behavior of
exposed fish or other aquatic wildlife at ng/L concentrations, and these
compounds have been measured in the environment at single to low
hundreds of ng/L. Given the importance of endogenous progestogens
in the regulation of gametogenesis, secondary sex characteristics, and
reproductive behavior in vertebrates and the documented exposure effects
of pharmaceutical progestins and progesterone, environmental gestagens
are an emerging class of contaminants that deserve increased attention
from researchers and regulators alike. The potential for environmental
gestagens to affect the reproductive health of aquatic vertebrates seems
evident, but there are a number of important questions for researchers
to address in this nascent field and these include identifying biomarkers of gestagen exposure, testing the effects of environmentally relevant
mixtures, and determining what other physiological endpoints and
taxa might be affected by exposure to environmental gestagens. This
talk will provide a succinct overview of environmental gestagens, their
receptor activation characteristics, and their ability to alter the reproductive biology of fathead minnows, Pimephales promelas. (Funding to
EFO by the Morris Animal Foundation-D14ZO-010 and the USGS/
NIWR- 2014MD321G.)
RP119 Genetic basis for evolved tolerance to dioxin-like pollutants in
wild Atlantic killifish: More than the aryl hydrocarbon receptor
D.E. Nacci, USEPA / Atlantic Ecology Division; D.A. Proestou, USDA /
Agricultural Research Service; D.M. Champlin, USEPA / Atlantic Ecology
Division; J. Martinson, NERL; E. Waits, USEPA / NERL; B. Clark,
USEPA / Atlantic Ecology Division ORD NHEERL; S.I. Karchner,
Woods Hole Oceanographic Institution / Biology; M.E. Hahn, Woods Hole
Oceanographic Institution / Biology Dept
Atlantic killifish (Fundulus heteroclitus) resident to some US urban
and industrialized estuaries demonstrate recently evolved and extreme

tolerance to toxic dioxin-like compounds (DLCs). Here we provide an
unusually comprehensive accounting (69%) through Quantitative Trait
Locus (QTL) analysis of the genetic basis for DLC tolerance in killifish
resident to a PCB-contaminated Superfund site. Consistent with mechanistic knowledge of DLC toxicity in fish and other vertebrates, the aryl
hydrocarbon receptor (ahr2) region accounts for 17% of trait variation;
however, QTLs on an independent linkage group and their interactions
have even greater explanatory power (44%). One QTL was also enriched
in geographically disparate DLC-tolerant killifish populations, suggesting convergence in this independently evolving intra-specific trait.
Research now focuses on genetic variation in one candidate gene nearby
to this QTL, and its potentially causal role in DLC-tolerance. Together,
results interpreted by leveraging Fundulus genomic resources and shared
synteny among fish species suggest adaptation via inter-acting components of a complex stress response network, and provide new insight into
genetic mechanisms of rapid evolution in the wild.
RP120 Gonadal intersex in smallmouth bass Micropterus dolomieu
in northern Indiana: Prevalence, severity, molecular biomarkers and
novel screening methods
A. Abdelmoneim, Purdue Univ / Forestry and Natural Resources; D.
Deegan, ElkhartSouth Bend Aquatic Community Monitoring Program /
Biology; S.C. Guffey, C.T. Mahapatra, Purdue Univ; C. de Perre, Southern
Illinois Univ of Carbondale; L.S. Lee, Purdue Univ / Dept of Agronomy;
M.S. Sepulveda, Purdue Univ / Dept of Forestry and Natural Resources
Studies have shown that exposure to endocrine disrupting chemicals
(EDCs) has adverse effects on the reproductive development of fish species, including the development of gonadal intersex. Smallmouth bass
(Micropterus dolomieu) males appear particularly susceptible to developing
this condition in the form of testicular oocytes, with cases reported in
several watersheds across the U.S. This susceptibility recommended its
use as a sentinel species for environmental monitoring of EDCs exposure
and effects. The main objective of this study is to identify links between
estrogenic contamination in water bodies and gonadal intersex prevalence in smallmouth bass populations inhabiting these systems and to
develop sensitive and cost/time effective approaches for identifying this
condition. First, we identified the prevalence and severity of gonadal
intersex in smallmouth bass wild populations inhabiting northern
Indiana at several sites and years. Our results showed prevelances
reaching up to 100% at certain sampling sites, with variable severities of
gonadal intersex. Second, we quantified the levels of estrogenic chemicals in surface water at representative sites using polar organic chemical
integrative samplers (POCIS) to look for possible correlations between
contamination levels and the observed prevalence of intersex. Third, we
are identifying molecular markers of gonadal intersex in smallmouth
bass by evaluating the differential expression of candidate genes involved
in sex differentiation including esr1, esr2, ar, foxl2, vtg, cyp19a, cyp1a,
dmrt1, sox9, star, lhr and fshr. Finally, we are developing a novel screening method for detection of testicular oocytes in male fish using cell
separation techniques that may provide higher sensitivity and cost/time
effectiveness over traditional histological methods and increase the applicability of the gonadal intersex markers developed.
RP121 Identification of potential biomarkers in the freshwater snail
Physa acuta in response to bisphenol A (BPA) exposure
M. Morales, P. Martinez-Paz, UNED; P. Sanchez-Arguello, INIA /
Departamento de Medio Ambiente; J. Martinez-Guitarte, UNED / Fisica
Matematica y de Fluidos; G. Morcillo, UNED
The induction of heat shock proteins (HSPs) is considered as an important
protective, ecophysiologically adaptive, and genetically conserved response
to environmental stress in all organisms. Physa acuta, a freshwater snail, is
very sensitive to toxicants and thus appropriate for toxicity tests. hsp70 and
hsp90 genes have been identified in different species as sensitive biomarkers for xenobiotics. In this study we have analyzed the expression of these
genes to evaluate their potential as biomarkers in response to bisphenol
A (BPA) exposures (100 µg/L and 500 µg/L for 5, 24, 48, 72 and 96
hours). Gene sequence identification was performed from an Expressed
Sequence Tag library uploaded in the EST database (NCBI) by Lee et al
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(2011). Real-time reverse transcriptase-polymerase chain reaction analysis
confirmed their response to heat shock, which dramatically upregulates
the expression of these genes. Exposures to a different concentrations and
times of BPA showed a significant increase of hsp70 and hsp90 mRNA
levels. Furthermore, we have analyzed the Glutathione-S-Transferase
(GST) activity and we have observed that it was affected by 48h BPA
exposures. These results show that exposition to BPA modulates the
transcription of two stress genes and an enzymatic activity with relevant
metabolic activity in Physa acuta, which could be useful in monitoring and
risk assessment. In particular, the significant upregulation of stress genes
is the first evidence of transcriptional perturbation by BPA on P. acuta. In
addition, these results also support their potential as suitable biomarkers
for ecotoxicological studies in aquatic systems. Finally, the present report
reveals the importance of the freshwater gastropod P. acuta as biomonitor
organism in response to pollutants in freshwater ecosystems. Expressed
Sequence Tag Analysis of Physa acuta: A Freshwater Pulmonate in Korea.
Lee et al. Journal of Shellfish Research, Vol. 30, 127–132, 2011 This work
has been funded by the Ministerio de Economía y Competitividad, CICYT
(SPAIN), CTM2012-37547.
RP122 Impacts of PPCPs on brain and spinal gonadotropin releasing
hormone neuron growth and proliferation using a transgenic zebrafish expressing GnRH3
J. Crago, R. Klaper, Univ of Wisconsin-Milwaukee / School of Freshwater
Sciences
Pharmaceuticals, personal care products, and other emerging contaminants are known to be emitted from wastewater treatment facilities.
Several of these compounds have been implicated as endocrine disrupting
and are known to affect behavior and reproduction and are thought to
act through the hypothalamus–pituitary–gonadal axis (HPG). There are
numerous positive and negative inputs that affect the development of the
HPG axis during fetal and early life stage development, however little is
known about the effects of early life stage exposures on neuron growth
and proliferation in the brain and their impacts on this axis. Therefore,
alterations in reproductive function that manifest later in life, such as the
earlier alterations in reproductive output could be a result from alternations
in neuron growth and function during critical developmental time-points.
Gonadotropin releaseing hormone (GnRH3) neuron growth and function, may be a important biomarker for the assessment of these chemical
exposures, as it regulates sex steroid production. The goal of this study was
to determine the individual impacts for pharmaceuticals and personal care
products which have been detected in the waste stream samples on the
development of the (GnRH) neural growth and function in the developing zebrafish (Danio rerio). Here we demonstrate that exposures to several
PPCPs altered GnRH3 expression and neural growth and proliferation
over several early time points in the developing zebrafish embryo.
RP123 Indentification of Triclosan Specific Biomarkers from
Daphnia magna based on Proteomic Analysis
H. Shin, Chonbuk National Univ, South Korea / Graduate School of
Semiconductor and Chemical Engineering; Y. Kim, Chungbuk National
Univ / School of Life Science; J. Min, Chonbuk National Univ / Division of
Chemical Engineering
Triclosan (TCS) has been used as an additive in a variety of consuming products. The wide use of TCS leads to the accumulation of this
chemical in aquatic ecosystems. However, the effect mechanisms of
this toxic on aquatic organisms have been poorly figured out. In this
study, acute toxicity tests were performed according to EPA protocol
(2002) to assess the impacts of triclosan on the typical freshwater flea
Daphnia magna. The LC20 of TCS for D. magna was determined to
be 300 (µg/L). Additionally, the proteomic profile of treated D.magna
(LC20) was also analysed using two-dimensional electrophoresis (2DE) technique. The comparison in protein expression pattern
between control and TCS-treated organisms was then carried out
using Progenesis software to explore the differentially expressed proteins (DEPs). The results showed that when being treated with TCS,
D.magna demonstrated a change in protein expression patterns, with
some up- and down- regulated protein (compared with control). After
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that, MALDI-TOF analysis was also conducted to identify the proteins
dots of interest selected from 2DE test. The changed protein spots due
to TCS treatment can be used as novel biomarker candidates to detect
triclosan as being mentioned above. Since there are no studies so far
claiming the use of daphnia as a TCS biomarker, this research suggests a
simple but effective method for TCS determination. Finally, the results
drawn from this study also imply the potential use of D.magna in other
chemicals monitoring. Acknowledgement: This work was carried out
with the support of “Cooperative Research Program for Agriculture
Science & Technology Development (Project title: Development of
Synthesis Technology of Plant Physiologically Activating Compounds by
Genetically Reconstructed Photosynthetic Microorganisms, Project No:
PJ01051501)” Rural Development Administration, Republic of Korea.
The authors are grateful for their support.
RP124 Multivariate Regression Analysis of Atlantic Bottlenose
Dolphin Body Burden Contaminants
M. Cains, K. Hinton, L. Hartman, D. Henshel, Indiana Univ / School
of Public and Environmental Affairs; P.A. Fair, NOAA National Ocean
Service; G.I. Scott, Univ of South Carolina / Env Health Sciences
The Atlantic bottlenose dolphin has been shown to be a high end predator which is a good model for assessing bioaccumulation of contaminants
in the marine environment. One of the most well studied populations
is resident in the estuarine waters of Charleston, SC. Over the last
10 years, the NOAAs CCEHBR has examined blubber and plasma
samples in this population and constructed contaminant profiles for
PCBs, PFCs, PBDEs, heavy metals, and pesticides. Thyroid hormones
and plasma immune system indicators were the focus of this analysis.
Preliminary multivariate regression analysis of 67 Total T4 observations indicate the following relationship: Predicted Total T4 = -2.59 +
0.0878*(sex) - 0.0155*(age) + 0.00000340*(total PCBs) + 0.236*(endosulfan I) - 0.102*(log(endosulfan sulfate)) + 0.00811*(gamma-chlordane)
- 0.00217*(hexachlorobenzene) - 0.000209*(mirex) + err. The equation has
an adjusted R2 of 0.4678 and an F-value of 8.25 with a p-value of less
than 0.0001. All independent variables in the equation have a p-value
of less than 0.08. Additional multivariate regression analyses will be
presented on the other plasma thyroid and immune system endpoints.
RP125 Mutagenic and toxicological results from Ukrainian Surface
Waters
K.T. Ho, USEPA / Atlantic Ecology Division; L. Shytikova, I.I. Mechnikov
Ukranian Anti-Plague Research Inst; M.A. Cashman, USEPA / Atlantic
Ecology Division; L. Shevchuk, I.I. Mechnikov Ukranian Anti-Plague
Research Inst; R.M. Burgess, USEPA / Atlantic Ecology Division; I.
Konovets, A. Lyashenko, S. Afanasyev, K. Zorina-Sakharova, Inst of
Hydrobiology; M. Milyukin, G. Terletska, A.V. Dumansky Inst of Colloid
Chemistry and Water Chemistry
Ukraine is a country of 46 million people with increasingly modern industrial cities as well as productive, fertile agricultural areas.
Historically, Ukraine served as a center for agriculture and industry
during much of the Soviet Union dominance. Legacy compounds (DDT,
PCBs, metals and PAHs) exist in freshwater and marine systems from
use during the Soviet period through modern day Ukraine. In addition to
legacy compounds, contaminants of emerging concern including pharmaceuticals, personal care products and newer synthetic pesticides are being
released into Ukraine’s surface waters. Toxicity tests can integrate the
toxicological signals of this milieu of compounds and allow managers to
prioritize areas with high toxic signals. The objective of this research was
to determine the toxicological and mutagenic effects of surface waters in
the highly industrial area around Kyiv, and selected rivers in Ukraine. We
used three toxicity assays: Daphnia magna, ?eriodaphnia affinis andColpoda
steini?, and a mutagenicity assay- the bacteriumSalmonella typhimuriumor Ames assay. Daphnia magna and ?eriodaphnia affinistoxicity tests
are internationally well established assays for testing environmental
water samples. The protozoan Colpoda steinii has been used in Ukraine
and the Soviet Union as a local toxicity test organism for many years.
The ability to obtain and maintain C. steinii in a cyst form, as well as its
relatively short exposure time (10 min. - 3 hrs.) makes this an attractive
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test organism. The Ames assay is a widely used and accepted assay that
assesses the mutagenic potential of chemical compounds. Results indicate
that the C. steinii and the two daphnid species exhibited sporadic toxicity
from six stations around Kyiv with the majority of the toxicity in both the
influent and effluent of the Kyiv Municipal Treatment Plant. Toxicity in
the Spring was generally higher than in the Fall for many rivers throughout Ukraine. The Ames assay indicated mutagenicity in the T98 strain in
many areas throughout Kyiv and less mutagenicity outside of industrial
areas. In addition to mutagenicity, cytotoxicity was noted in many of
the samples. Mutagenicity was associated with high concentrations of
polycyclic aromatic hydrocarbons (PAHs) measured in the dissolved and
suspended solid fractions of the samples.
RP126 Nitrate- and Estrogen-induced Endocrine Disruption in the
Fathead Minnow (Pimephales promelas)
A. Moore, R.B. Bringolf, Univ of Georgia / Interdisciplinary Toxicology
Program
Endocrine disruptors are of growing concern in the aquatic environment
because of their ability to alter reproduction, behavior, and development in fish and other aquatic species. Nitrate is a global pollutant
that often occurs concurrently with endocrine disruptors, and growing
evidence suggests nitrate itself may be an endocrine disruptor. Nitrate
has been shown to alter sex hormone concentrations in fish, but little is
known about the underlying mechanism(s) or the resulting effects on
reproductive fitness. Furthermore, few, if any studies have examined the
interactions between nitrate and environmental estrogens in mixture
studies. Therefore, the objectives of this study were to 1) examine
the effects of nitrate alone and in combination with estradiol in a fish
reproduction assay and 2) evaluate nitrate’s mode of action for endocrine
disruption. We used a fish short-term reproductive assay (FSTRA) with
fathead minnows (Pimephales promelas) to test the potential for nitrate
alone and in mixture with estradiol to disrupt reproduction. Breeding
pairs of fish were exposed to nitrate (NO3-; 5, 50, 250 mg/L NO3-) or a
mixture of nitrate and 17β-estradiol (E2) (5 or 50 mg/L NO3- +50 ng/L
E2) for 21 days. Fecundity and fertility were monitored throughout the
exposure and at day 21 we assessed plasma sex hormone concentrations,
vitellogenin concentration, body condition, sperm quality, and gonad
stage and histopathology. Results of the FSTRA also helped elucidate
the mode of action. The results of this study provide important information about the endocrine disruption potential for nitrate alone and in
mixture with estradiol. This work will inform management of aquatic
environments where elevated nitrate levels are likely to co-occur with
other endocrine disrupting compounds, such as rivers receiving municipal wastewater effluent or agricultural runoff.
RP127 Optimizing a LC-MS/MS-Based Phosphoproteomic Pipeline
for the Identification of Signaling Pathways Activated by Chemical
Exposure in Aquatic Species
L.C. Smith, C. Lavelle, Univ of Florida / Physiological Sciences; C. SilvaSanchez, F. Yu, Univ of Florida / Interdisciplinary Center for Biotechnology
Research; N. Vinas, Mississippi State University / Environmental
Laboratory; N.D. Denslow, Univ of Florida / Physiological Sciences; T.
Sabo-Attwood, Univ of Florida / Dept of Environmental Global Health
Significant strides have been made in determining the molecular mode
of action of environmental contaminants due to advancements in the
“omics” disciplines. Recently, post-translational modifications (PTMs)
of proteins, specifically receptors, kinases, and phosphatases, have been
shown to be altered by contaminants in fish, which can affect signaling
pathways responsive to contaminants. Most investigations of phosphorylation events in ecotoxicology have been performed by 2D-gel
electrophoretic methods, however, mass spectrometric (MS) methods have recently emerged that allow for identification of site-specific
changes which can be used to map signaling pathways and identify
downstream signaling targets of exposure. However, translating MS
approaches to use with non-model species is problematic due to insufficient databases against which to search. As such, we optimized a
phosphoproteomic pipeline using a fathead minnow (FHM) protein
sequence database developed in house to identify signaling pathways

activated in the brain tissue of FHM exposed to either ethinylestradiol
(EE2) or levonorgestrel (LNG). Tissue was collected from male FHM
after 30 min aqueous exposure to 5 ng/L EE2, 100 ng/L LNG, or
vehicle control. Protein extracts were digested with trypsin, phosphopeptides enriched using TiO2 columns, and then analyzed by LC-MS/
MS on both a Thermo Fisher QE Plus hybrid quadrupole-Orbitrap and
a Thermo Fisher LTQ Orbitrap XL System. Peptides were searched
against our FHM database, analyzed using Scaffold, PTM sites annotated by Scaffold PTM, quantitation performed based on spectral counts
and total ion current, and subnetwork enrichment analysis performed
using Pathway Studio. Preliminary analyses suggest that unique but
overlapping proteins were identified by each instrument. Importantly,
our enrichment method was efficient as evidenced by a high percentage of phosphorylated peptides relative to non-phosphorylated peptides
identified in the enriched fraction (79-83%) compared to the fraction
not bound by TiO2 (0.18-0.2%). Interestingly, EE2 and LNG exhibited overlapping but distinct phosphorylation profiles where increased
phosphorylation was observed on proteins involved in cell growth (p<
0.05) by EE2 and cell differentiation (p< 0.05) by LNG. These optimized phosphoproteomic methods support investigations of signaling
pathways mediated by protein phosphorylation/dephosphorylation events
in response to environmental contaminants.
RP128 Perchlorate and Thyroid Hormone Modulates ArseniteInduced Oxidative Stress
C.W. Theodorakis, Southern Illinois Univ Edwardsville / Environmental
Sciences; S. Nagam, Southern Illinois Univ Edwardsville / Biological Sciences;
M. Nadeem, Southern Illinois Univ Edwardsville / Environmntal Sciences
The objective of this research was to determine the effect of thyroid hormone-modulating compounds on 1) oxidative stress parameters (reduced
glutathione [GSH], GSSG/GSH ratios, and lipid peroxidation), and 2)
arsenite-induced expression of these parameters. Arsenite is known to
induce oxidative stress, and affect levels of GSH, GSSG/GSH ratios,
and lipid peroxidation. Thyroid hormones mediate the oxidative stress
response, and perchlorate is a of thyroid hormone synthesis agonist.
Therefore, this research was designed to test the hypothesis if thyroid
hormone affects the arsenite-induced oxidative stress in zebrafish (Danio
rerio). Zebrafish were exposed to arsenite, perchlorate, exogenouslyadded thyroid hormone, or a combination of thyroid hormone plus
perchlorate. Glutathione parameters and lipid peroxidation (TBARS)
were determined in liver and gill tissue. Both assays were conducted
in a fluorometric microplate format. It was found that 1) exposure to
perchlorate reduced GSSG/GSH ratios and TBARS and increased GSH
levelws, while thyroxine caused the opposite effects; 2) arsenite increased
GSSG/GSH ratios and TBARS, while decreasing GSH concentrations,
and 3) perchlorate treatment abrogated the effects of arsenite treatment.
Therefore, it can be concluded that 1) thyroid hormone-modulating
chemicals mediate oxidative stress, 2) arsenite exposure results oxidative stress, and 3) perchlorate (a thyroid hormone synthesis antagonist)
abrogates this arsenite-mediated oxidative stress.
RP129 Screening potential biomarkers of Lead (II) acetate trihydrate
and Atrazine based on Daphnia magna proteomic analysis
V. Le, Chonbuk National Univ, South Korea / Bioprocess Engineering; Y.
Kim, Chungbuk National Univ / School of Life Science; J. Min, Chonbuk
National Univ / Division of Chemical Engineering
Heavy metals and pesticides are main factors causing water pollution via
industrial and agricultural waste. However, it still exists a limitation of
well understanding about how these toxics effect the aquatic organisms,
expecially at molecular levels. In this study, acute toxicity tests were performed according to EPA protocol (2002) to assess the impacts of Lead
(II) acetate trihydrate and Atrazine on aquatic species using a typical
freshwater flea Daphnia magna. Besides, proteomic analysis was performed to identify proteins involved in the stress responses of D. magna to
these toxic chemicals. The lethal concentrations LC20 of each chemical,
which were determined by previous acute test, were used for a 24h exposure to the 21d daphnids before isolating the total protein. The proteomic
profile was examined with a pH range from 3 to 10 using 2-dimensional
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gel electrophoresis (2DE) method and then analyzed with Progenesis
software to explore the differentially expressed proteins (DEPs) compared
with control organisms. The results showed that there were some up- and
down- regulated proteins in D. magna responding to these toxic chemicals. The DEPs are helpful to understand the molecular responses of D.
magna to Lead (II) acetate trihydrate and Atrazine and can be used as
novel biomarker candidates to detect these heavy metal and pesticide.
RP130 Sequencing and expression of CYP1A, vitellogenin and
metallothionein of Gambusia spp. inhabiting tropical karstic water
bodies
R.C. Vázquez-Euán, Univ Nacional Autonoma de Mexico / Faculty of
Chemistry; G. Rodriguez-Fuentes, Univ Nacional Autonoma de Mexico /
Unidad de Química Sisal
In Yucatan’s peninsula, groundwater is the main water supply for human,
agricultural and industrial activities. Ground characteristics make
recovery and treatment of wastewater very expensive. This situation has
contributed to an increase of pollutants reports in Yucatan’s peninsula
aquifer. Unfortunately, studies related to the effect of those pollutants in
native organisms are scarce. The aim of this work was to obtain partial sequences of widely known genes used as biomarkers of pollutants
effect in mosquito fish Gambusia yucatana and Gambusia sexradiata. The
studied genes were: Cytochrome P450 1A (CYP1A), that is expressed
in the presence of organic pollutants such as PAH, PCB and dioxins;
Vitellogenin (VTG), that is linked to the presence of xenoestrogens;
Metallothionein (MT), that are expressed when metals are present and
two housekeeping genes 18S and β-actin., specific primers for each gene
were designed from reported sequences of Gambusia affinis and amplification was done in the local Gambusia species exposed for 48 hours to
gasoline (100 µL/L, stirred for 24 hours pre- exposure). Preliminary
results allowed finding partial sequences of all genes with an approximate average length of 200 bp. BLAST analysis of found sequences
indicated a minimum of 97% identity with reported sequences for G. affinis or G. holbrooki showing great similarity. Using the same primers, gene
expression analysis was performed in 76 G. yucatana collected during
May 2014 from eight water bodies located in Yucatán, Mexico. Results
indicated that there was significant up-regulation of all the tested genes
with respect to reference fish in almost every water body tested. The
native mosquitofish, G. yucatana, was a good bioindicator of water pollution. These results constitute an early warning that evidence the need
to promote programs to monitor pollutants and their effects in aquatic
organisms in Yucatan’s groundwater.
RP131 Short-term, in vivo screening method for detecting chemicals
with juvenile hormone activity using adult Daphnia magna
R. Abe, National Inst for Environmental Studies / Center for
Environmental Risk Research; H. Takanobu, National Inst for
Environmental Studies / Center for Environmental Rsik Research; K.
Toyota, H. Miyakawa, National Insts of Natural Sciences / National
Inst for Basic Biology; S. Miyagawa, Natural Inst of Natural Sciences /
National Inst for Basic Biology; T. Iguchi, National Inst for Basic Biology
/ Molecular Environmental Endocrinology; H. Watanabe, National Inst
for Environmental Studies / Center for Environmental Risk Research; N.
Tatarazako, Environmental Risk
Daphnids are a group of Crustacea that are found worldwide and are
sensitive to various chemical toxicities. Therefore, Daphnia magna has
been used to evaluate the toxic effects of general chemicals. D. magna
usually produces only female neonates via parthenogenesis, which have
the same genome as their mother. The laying eggs to the brood chamber, development and release are usually completed within 48 h. Male
offspring are produced when the environmental conditions worsen, such
as low temperature, short photoperiod, lack of nutrition and overcrowding of the biomass. Juvenile hormone (JH) and JH agonists have been
shown to induce male offspring production in various daphnids, including Daphnia magna using OECD TG211. The critical period (about 1h)
for JH action on ova in the parent’s ovary to induce male offspring is
existing at 7-8h later from ovulation. Therefore, we considered that adult
D. magna could be used to produce a short-term screening method for
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detecting JH analogs. Using this method, we successfully demonstrated
male offspring induction in the second broods after exposure to JH or JH
agonists. After investigating the exposure time, the number of repetitions and the exposure concentration, we established a short-term, in
vivo screening method for detecting JH analogs using adult D.magna.
We examined positive and negative control chemicals using a previously
developed method and verified the validity of our new testing method.
Diofenolan has been developed as a JH agonist for insect pest control, but its male offspring induction activity in daphnids has not been
investigated yet. We analyzed the male offspring production activity of
diofenolan by the STS assay and the OECD TG211 ANNEX 7 assay to
verify the usefulness of the STS assay for screening chemicals for male
offspring production activity. In addition, the JH activity of diofenolan
was determined by the JH receptor two-hybrid assay and transcriptome
(microarray) analysis. In this study, we found that the insect growth
regulator (IGR) diofenolan exhibited a potent male offspring induction
activity at low ng/L to g/L concentrations, as demonstrated by the shortterm in vivo screening assay and the recently developed TG211 ANNEX
7 test protocol.
RP132 The effects of salinity and dissolved oxygen on biomarkers of
estrogen exposure in male fathead minnows, Pimephales promelas
D. Feifarek, St. Cloud State Univ / Aquatic Toxicology Laboratory; N.W.
Shappell, USDA / Agricultural Research Service, Biosciences Research Lab;
H.I. Schoenfuss, St. Cloud State Univ / Aquatic Toxicology Laboratory
Laboratory exposures indicate that estrogens and estrogen mimics
can cause endocrine disruption in male fathead minnows (Pimephales
promelas). In the wild, conditions are not static as is often the case in
the laboratory. Changes in water quality parameters such as salinity and
dissolved oxygen can trigger physiological and anatomical changes in
fish that have the potential to alter the uptake and observed effects of
estrogenic chemicals. To explore the role of environmental variables on
the expression of biomarkers of estrogenic exposure, adult male P. promelas were exposed to estrone (E1) under various chloride and dissolved
oxygen conditions in the laboratory for 21 days in a flow-through system.
Plasma vitellogenin (VTG), morphological characteristics, hematological
parameters, and histopathology were assessed to determine the severity of estrogenic effect. Salinity at 10 PPM and 50 PPM added NaCl
had no significant effect on biomarkers of estrogenic exposure, however
estrone concentrations in excess of 85 ng/L corresponded with significantly reduced body condition factor compared to control. Low dissolved
oxygen significantly elevated plasma VTG concentrations of P. promelas
exposed to 81.5 ng/L E1, however this effect diminished to below the
threshold of statistical significance (p< 0.05) upon exposure to a very
high E1 concentration (279 ng/L). Significant reductions in hematocrit
and gonadosomatic index compared to control were also noted at high
(282 ng/L) estrone concentrations. These data indicate that environmental conditions modulate the effects of estrogenic exposure in male P.
promelas. We anticipate that accounting for a variety of environmental
conditions might be a starting point for laboratory exposures designed to
assess the environmental impact of estrogenic contaminants.
RP133 The effects of select pharmaceuticals on swim bladder inflation
of Japanese medaka (Oryzias latipes) embryos
Z.P. Pandelides, Faculty of Science Biology; M. Overturf, Univ of Ontario
Inst. of Tech / Faculty of Science Biology; J. Guchardi, Univ of Ontario Inst of
Technology / Faculty of Science Aquatic Toxicology; D.A. Holdway, Univ of
Ontario Inst. of Tech / Science
Fish embryos are useful models for the environmental risk assessment of
chemicals since their use permits small scale high-throughput analyses.
They also facilitate mixture toxicity investigations, as they allow for
multiple experiments to be undertaken in a short period of time. As fish
embryos are not currently regulated by animal ethics legislation, they are
also a good alternative to ‘animal’ use. The objective of the first part of
this study was to determine the effects of a few select pharmaceuticals on
embryo development including diclofenac, ethinylestradiol and levonorgestrel, and to determine effective concentration-response curves. Fish
embryos were exposed 24 hours post fertilization to 1, 10, 32, 320, 1000
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µg/L ethinylestradiol and levonorgestrel and to 0.32, 1, 3.2, 32, and 100
mg/L diclofenac, until 72 hours post hatch. The main effect observed
across all three compounds was a linear increase (r2 > 0.9) in the inhibition of swim bladder inflation with increasing exposure concentration
(24, 48 and 72 hours post hatch). Swim bladder inflation is a biologically
critical endpoint as fish that are unable to inflate their swim bladders
are unlikely to survive long in the wild. Based on these concentrationresponse curves, combinatorial experiments were designed using a simple
EC/2 design. Results of the combinatorial work will also be discussed.
RP134 The effects of thyroid hormones and thyroid hormone disruptors on chemosensation in North American bullfrog (Lithobates
catesbeianus) tadpoles
J. Heerema, A. Manek, Univ of Lethbridge / Biological Sciences; C.C.
Helbing, Univ of Victoria / Dept of Biochemistry Microbiology; G.G. Pyle,
Univ of Lethbridge / Biological Sciences
The presence of endocrine disrupting compounds (EDCs) in wastewater
effluents (WE) is a growing concern in water quality today. Endocrine
disrupting compounds are exogenous organic compounds that have the
potential to cause adverse health effects by disruption of the normal
function of the endocrine system, which regulates growth and development in vertebrates. These compounds enter wastewater through
anthropogenic sources such as pharmaceuticals, personal care products,
flame-retardants, antimicrobials, detergents, and pesticides. As a result,
EDCs are in WE at low concentrations but are still biologically active,
and have the potential to have a variety of effects on aquatic organisms. Some EDCs are able to disrupt thyroid hormone (TH) synthesis,
signalling, and response in vertebrates through mimicking or blocking
endogenic TH. Thyroid hormone is important for vertebrates during
early stages of life for normal growth and development of many organs
and tissues, especially the brain. The present study investigates the
effects of EDCs on chemosensory acuity in North American bullfrog
(Lithobates catesbeianus) tadpoles. Amphibians are excellent sentinels for
studying the effects of TH disruption, as metamorphosis relies heavily
on TH signalling. Premetamorphic tadpoles are exposed to environmentally relevant concentrations of thyroxine (T4), triiodothyronine (T3),
17β-estradiol (E2), as well as known EDCs ibuprofen (IBF) and
triclosan (TCS) in the presence and absence of T3 and T4. Behavioural
and electro-olfactography (EOG) assays are used to detect changes
in chemosensory acuity in response to exposures to THs and EDCs.
Electro-olfactography is a neurophysiological technique that measures
the strength of the extracellular potential generated when an organism
detects an odour. The same food cue is administered during behavioral
and EOG assays, providing a link between both chemosensory responses
after TH and EDC exposures. Behavioural and EOG responses to TH
disruption are an indication of neurophysiological effects and can serve
as a strong link between TH disrupting chemicals and adverse ecological effects. Studying changes in chemosensory acuity will provide a
greater understanding of the ecological significance of EDCs present in
wastewater and the implications their presence may have on amphibian
populations in receiving waters.
RP135 The induction of P-glycoprotein-mediated xenobiotic efflux
activity alters ivermectin and emamectin benzoate neurotoxicity in
rainbow trout
C.J. Kennedy, Simon Fraser Univ / Dept of Biological Sciences
P-glycoprotein (P-gp/ABCB1)-mediated, ATP-dependent efflux of
xenobiotics is a primary line of cellular defense against exogenous compounds and confers the multixenobiotic resistance (MXR) phenotype to
aquatic organisms allowing them to survive in relatively contaminated
environments. P-gp also provides protection against the accumulation of
many endogenous and exogenous compounds in several sensitive tissues
of vertebrates including the brain. The contribution of P-glycoprotein
(P-gp) under basal and induced levels to the protection offered by
the blood brain barrier (BBB) in trout was examined using the P-gp
substrates and CNS neurotoxins ivermectin [IVM] and emamectin benzoate [EB]. In these experiments, swimming performance (as a measure
of CNS function) was examined in fish injected intraperitoneally (i.p.)

with 0.01-1.0 and 1-50 mg/kg of IVM or EB, respectively, in untreated
fish, or in those following i.p. injections of the putative P-gp inducer
clotrimazole at 10 mg/kg. IVM affected swimming performance at
lower concentrations than EB. When fish were exposed to IVM or EB
following the induction of P-gp by clotrimazole, IVM/EB-induced
alterations to swimming were significantly decreased, suggesting that
the induction of P-gp activity in the BBB decreased their penetration
into the CNS. Small but significant differences were seen in the effect of
co-administration of clotrimazole on swimming-related neurotoxicity;
EB toxicity decreased less than IVM toxicity. These results highlight an
important role for P-gp and its induction in the BBB of fish, and provide
more evidence that this efflux protein protects fish (and vulnerable tissues
such as the brain) from environmental neurotoxins.
RP136 In vitro Assessment of Androgenic Activity of Water
Reclamation Plant Effluents in Greater Chicago
A. Lukowicz; J. Heitzman, Biology; D. Martinovic-Weigelt, Univ of St.
Thomas
The objective of this study was to examine whether water reclamation
plants (WRPs) serve as an important source of androgenic contaminants
in an urban waterway system (Chicago Area Waterways; CAW). Grab
water samples were collected in May 2009 from 38 locations spanning
six watersheds. MDA-kb2 breast cancer cell line that naturally expresses
androgen receptor was used to measure androgenic activity; activity
was extrapolated from testosterone (T) standard curve using a nonlinear regression. US sites had significantly lower (Tukey test, P< 0.05)
androgenic activity (0.9 ± 1.4 ng/L T equivalents) than both downstream (DS; 3.9 ± 3.1 ng/L) and WRP (6.1 ± 3.7 ng/L) sites. Heavily
urbanized and moderately urbanized sites exhibited similar androgenic
activity. Observed spatial distribution of androgens (US < DS < WRP)
indicates that WRPs are a source of androgens in CAW, but frequent
detection of androgenic activity (43%) at US sites indicates that there
may be additional sources of these contaminants (e.g., industrial, runoff).
Nevertheless, unlike estrogenic activity, androgenic activity was largely
associated with point sources of contamination (i.e., WRPs) and did
not correlate with estrogenic activity. The urbanization intensity had no
effect on the androgenic activity. This contrasts with estrogenic activity
findings and provides further support for our hypothesis that nonpoint sources of pollution (e.g., runoff) are not an important source of
androgens in the CAWs. Finally, general use water designation (which
is not based on endocrine activity assessment) seemed to be protective as
androgenic activity tended to be lower at sites with that designation.
RP142 The effects of citalopram on hybrid striped bass brain chemistry and predatory behavior
L. Stoczynski, S.J. Klaine, Clemson Univ / Inst of Environmental Toxicology
CUENTOX; L. Sweet, Lubrizol
Selective serotonin reuptake inhibitors (SSRIs) are a class of antidepressants that are not completely removed from wastewater treatment plants.
Thus they are released in receiving streams and result in significant
exposure to aquatic organisms. Citalopram is an SSRI whose mode of
action is to block the serotonin reuptake transporter, keeping serotonin
in the synapse for increased intracellular messaging. Hybrid striped bass
were used to determine if exposure to SSRIs causes change in predatory
behaviors. The bass were exposed to either citalopram for six days and
given six days of recovery. Every third day the bass are given four minnows and timed to see how fast they consume them, also five individuals
are taken from each concentration and blood and brain removed to test
for concentrations of the SSRIs. Our previous work with another SSRI,
fluoxetine, showed that hybrid striped bass had decreased brain serotonin
levels that corresponded with an increased time to capture prey. Results
of this research will help determine if all SSRIs act similarly in our
system. These changes in behavior may affect the fitness of organisms
causing changes at populations and community levels.
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TP016, TP066, TP067, WP190
CNRS/Aix-Marseille Université 369, TP104, TP108
CNRS/CEA/Aix-Marseille Université TP106
CNRS/UPPA, Laboratoire de Chimie Analytique BioInorganique et Environnement 56
Coastal Bend Bays & Estuaries Program 271
Coastal Monitoring Associates MP057
Colegio de Postgraduados MP117
Colgate-Palmolive Company 542, WP219
College of Charleston 244, 634 TP163
College of William & Mary MP179, TP095
College of William & Mary VIMS WP191
College of Wooster 548, 549
Colorado Parks and Wildlife 240, TP211
Colorado School of Mines 78, 189, 300, 303, 374, 513, 543,
544, 655, 659, MP111, TP196, TP211, WP084
Colorado State University 327, 453, 490, 513, MP226,
TP211
Colorado State University–Pueblo WP040
Columbia University 262
Compliance Services International 36, 37, 129, 198, 606,
MP145, WP078
Conestoga Rovers & Associates RP053
CONICET 315
Copperbelt University 278, WP172
Core6 Environmental Ltd. 622
Cornell University 82, 650
COSIA 407, MP165
Covington Civil and Environmental TP179
Cox Honeyland 127
CRA, Inc. RP047
Cranfield University 699
CSC 227, TP138, TP150
CSIC - Spanish National Research Council 326, 366,
TP037
CSIRO 229, 545, 552
CSIRO Land and Water 197, 552, 705
CSIRO/University of Adelaide 552, 593
CUNY Graduate Center 390
CUNY Graduate Center and Queens College 390
Curtin University WP150
Czech Acedemy of Science TP015

D

Dakota State University TP080
Dalhousie University TP194, WP067, WP090,
WP093, WP136
Dan River Basin Association MP138
Dartmouth College RP079
Delaware DNREC-SIRS 467
DELTARES WP167
Dept for Environmental Food & Rural Affairs 688
Dept of Civil & Env Engineering 368, MP138, RP085
Dept of Fisheries & Oceans WP160
Dept of Environmental Protection MP212
Discovery Place, Inc. MP162
Dow AgroSciences LLC 34, 37, 38, 129, 540, 725, WP066,
WP215
Dow AgroSciences Italia srl 347
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Dow Corning Corporation 294, 298, RP028, TP113,
TP115, TP116
Draper Park Middle School MP197
DSITI 713
Duke University 78, 193, 194, 215, 249, 284, 365, 489, 495,
543, 563, 659, 725, 750, MP099, TP021, TP071, TP081,
WP081, WP179
Duke University Nicholas School of the Environment 193,
MP099, TP096
DuPont 75, 294, 349, 690, TP047, TP048, TP113, TP115,
TP116, WP028, WP053
DuPont Crop Protection 347, 606, MP087, MP090,
MP091, MP092, MP219, RP021, WP066
DuPont Haskell MP065
Duquesne University 71

Evergreen State College 23
Evonik Corporation 175
Evonik Industries AG TP133
Exponent, Inc. 10, 25, 90, 91, 94, 138, 285, 474, 479,
562, 606, 669, 684, 689, 725, MP012, MP122, MP143,
MP144, MP155, MP156, MP157, MP158, TP048
TP122, TP168, TP191, WP066, WP180, RP021
ExxonMobil Biomedical Sciences, Inc. 12, 497, 707,
MP129, MP136, RP069, WP027, WP185
ExxonMobil Research Qatar 418, 522

Gustavus Adolphus College TP017, WP183

H

Haley & Aldrich, Inc 432
Hanoi University of Science WP144
HansonRM TP025
Harvard School of Public Health 558, 618, 650, RP099
Harvard University 340, 617, 618
Hatfield Consultants WP156
HAW Hamburg 173
HDR, Inc. 674, 675
Health Canada 525, 639, MP005, RP109, WP091, WP154
Fac. of Agriculture Lab Env Tox WP077
Health Canada Pest Management Regulatory
Faculty of Biology MP080
Agency RP016
Farallon Consulting MP118
Heidelberg University 59, MP130
FCBA 476
Helmholtz Centre for Environmental Research - UFZ 93,
Federal Environment Agency (UBA) 706
173
E.I. DuPont de Nemours and Company RP031,
Federal Institute of Hydrology 173
Helmholtz Zentrum München 114, 362, TP087, RP088,
RP088, TP147, TP158, WP021, WP028, WP054, Federal University of Oyo-Ekiti, Nigeria MP230
RP113
WP055
Federal University of Santa Catarina RP087
Henkel AG & Co. KGaA 710, MP220, TP144
EA Engineering, Science, and Technology, Inc. 29 MP159, Federal University of Technology WP069, WP129
Henkel Consumer Goods, Inc MP220
TP125, TP156
Federal University of Technology Owerri 473, TP036,
HESI TP131
EAS EcoChem GmbH WP080
WP069
Hewlett-Packard 429
East Carolina University MP200, RP114, TP062, TP099,
Federal University Wukari WP069, WP129
Hillside Middle School MP197
WP079
Federation of Indian Chambers of Commerce &
HOH Surveys TP005
East Tennessee State University 91
Industry 390
Hokkaido University MP050, MP051, MP052, TP075
Eastern Mediterranean University TP180
Fisheries and Oceans Canada 344, MP203, RP109, TP041, Honey Bee Research & Extension Lab (HBREL) 120
Eastman Chemical Company 648
WP175
Hope College 543, WP036
Eawag Swiss Federal Institute of Aquatic Science and
Flemish Institute for Technological Research VITO 162
HUNTSMAN (Europe) bvba TP133
Technology 61, 183, 494, 587, 707, 718, TP093, WP082
Florida Fish and Wildlife Conservation Commission 636
Hydrobiology Pty Ltd MP182
Ebonyi State University TP036
Florida Gulf Coast University 311
Hydronumerics 348
EBRC Consulting GmbH 553
Florida International University 177, 733, MP204, TP170
Hydroqual 674, 675
ECETOC 707, WP044
Florida Sea Grant 11
Eco Modeling 226
Florida State University 212, 656, TP058
I.I. Mechnikov Ukranian Anti-Plague Research
ECOFIN 402
FMC Corp MP223, MP238
Institute RP125
Ecolab Inc 30
FMC Corp Global Regulatory Sciences 606, 682, MP223,
IAWR 220
Ecological Risk, Inc 157, MP088
MP238, RP021
IBICT 645, 647
Ecological Society of America 723
Forestry and Forest Products Research Institute WP126
iCEINT TP106
EcoMetrix WP052
Formation Environmental LLC 693
IDA Science and Technology Policy Institute 10
ECT Oekotoxikologie GmbH 710
Fort Environmental Laboratories, Inc. 630, MP072,
Idaho Dept of Environmental Quality 628
Edgewood Chemical Biological Center 510, WP001,
TP044, WP220
Illinois Natural History Survey 419, 435, 672, TP190
WP002
Franklin Company WP053
ILS-NICEATM 394
EFSA 347
Franklin County Seafood Workers Association TP098
ILSI Health and Environmental Sciences Institute
Ehime University MP003, MP050, MP051, MP052,
Franklins Promise Coalition TP098
(HESI) 62, 294, 586, MP129, TP113, TP115, TP116
MP188, MP191, TP075, WP126, WP144, WP149
Fraunhofer IME 93, 294, TP113, TP115, TP116
Indiana State University 501
Elanco Animal Health, a division of Eli Lilly and
Free University of Brussels 476
Company 713
Indiana University 191, MP048, RP124, WP065, WP174
Freestone Environmental Services, Inc. 627
Eli Lilly and Company 176
INIA RP121
Freshwater Institute 450, TP165
ElkhartSouth Bend Aquatic Community Monitoring
Institut de Physique du Globe de Paris 373
Fundacao Oswaldo Cruz 315
Program RP120
Institut Teknologi Bandung WP130
Emory University 68
Institute for Hygiene and Environment 455, RP101
GatePost Risk Analysis 289
EMR, Inc. RP035, TP206
Institute of Hydrobiology MP027, RP125
GEI Consultants, Inc. 157, 472, 528, 531, 532,
Entox 585, MP227, RP101
Institute of Hydrobiology National Academy of
MP029,
TP175,
WP122
Environet, Inc. 378, WP016, WP017
Sciences MP027
GenWest
225
Environment Agency UK 706, 707, 725
Instituto de Limnología Dr. Raúl a. Ringuelet 315
George
Mason
University
TP097
Environment Canada 19, 43, 44, 46, 47, 48, 54, 156, 170,
Instituto Nacional de Investigaciones Nucleares WP030
195, 196, 202, 264, 267, 268, 269, 270, 274, 292, 337, 343, George Washington University 367, 413, MP004, MP213
Instituto Politécnico Nacional, Escuela Nacional de Ciencias
George Washington University Medical Center TP095
344, 350, 389, 400, 405, 457, 498, 500, 503, 535, 561,
Biologicas 151, TP007, TP009, WP199
Georgia Aquarium TP061
580, 621, 629, 632, 664, 679, 704, 707, MP015, MP016,
Instituto Potosino de Investigacion Cientifica y Tecnologica
MP025, MP033, MP042, MP044, MP049, MP068,
Georgia Institute of Technology WP168, WP169
(IPICYT) 41, 725, MP041
MP071, MP074, MP203, RP014, RP038, RP054, RP095, Geosyntec Consultants 466, 475, MP008, MP064, RP026, Instituto Superior Técnico TP019, TP026
TP001, TP002, TP040, TP041, TP083, TP111, TP131,
WP056
Instituto Tecnologico de Costa Rica MP011
WP068, WP071, WP073, WP089, WP138, WP154,
GHD 505, RP050
Integral Consulting Inc. 223, 224, 333, 440, 444, 445, 692,
WP155, WP156, WP159, WP160, WP166, WP173,
GHD Ltd RP053
696, RP064, TP120, WP099, WP213, WP214, WP218
WP175, WP177, WP178, WP186, WP194, WP207
Ghent University (UGent) 707
Integrated Atmospheric Solutions LLC 402
Environmental & Turf Services, Inc. 10, 94
Givaudan Fragrances Corporation 175
INTERA Inc MP109
Environmental Resources Management 522
Givaudan Schweiz AG 61, 294, TP113, TP115, TP116
International Fragrance Associations RP043
Environmental Studies Center 418
Gloucester Marine Genomics Institute TP070
International Lead Zinc Research Organization 557
EnviroPlanning WP050
GoJo Industries 30
International Sturgeon Research Institute TP065
Enviross 463
Golder Associates 293, 407, 525, 621, 714, 716, 720,
International Zinc Association 597, WP131
Environmental Chemistry Laboratory TP079
MP124, TP114
Intrinsik Environmental Sciences Inc. 34, 38, 96, 157,
EPFL – Swiss Federal Institute of Technology 587, MP139 Government of Alberta WP156
MP146, MP147, MP148, MP149, MP222, WP066,
EPRI 345, 674, 675
Government of Nunavut TP040, MP071
WP068, WP075, WP123, RP018
Equilibrium Environmental Inc. 417
Gradient Corporation 64, 601, 625, MP115, MP220,
IPGP 373
ER2 140, 540, 542, WP219
TP129, TP137, TP177, TP193, WP025, RP049
IPMA- Portuguese Institute for the Sea and
ERDC-EL-EP-P 383, 414, 507, 588, WP011, RP092
Grand Portage National Monument TP110
Atmosphere MP142, TP019, TP026
ERM 45, MP167, RP052, TP132, TP146
Great Ecology RP003
IRAS 69
ETH Zurich 79, 369, 376, 615, 640, TP104, TP108,
Great Lakes Environmental Center 346, 674, 675, 717,
IRB Barcelona 366
WP037
WP125, WP128
Islamic Azad University Isfahan 264
ETSS 375
Great Lakes Institute for Environmental Research,
ITB WP130
Eurofins Agroscience Services 459, MP037
University of Windsor 436
IVL Swedish Environmental Research Institute Ltd 485
Eurofins Agroscience Services EcoChem GmbH MP037,
Great Lakes WATER Institute RP081
WP080
Greenville Health System TP033
Jagiellonian University 16, MP080, MP229
European Commission Joint Research Centre 62, 290, 294, Guangdong Academy of Agricultural Sciences TP153
Japan Corbicula Research Institute WP126
MP055, MP129, TP113, TP115, TP116
Guangzhou Institute of Geochemistry, Chinese Academy of
Jinan University 519
European Food Safety Authority EFSA 180, 689
Sciences 519, 546, 611, MP060, RP007
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Johns Hopkins School of Medicine 67
Johns Hopkins University 67, 72, 189, WP084
Joint Research Centre 294, TP113, TP115, TP116
Jordan River/Farmington Bay Water Quality Council 3, 4,
5, 6, 7

K

Kagoshima University RP024, RP025
Karlsruher Institut für Technologie WP157
Katholieke Universiteit Leuven 557
KCI Technologies, Inc MP152
Kennedy/Jenks Consultants 693, WP010
Kennesaw State University RP103
Kent State University 201, 493, MP114
Keystone Environmental Ltd. MP180
KIGAM RP034
Kilgour & Associates Ltd. 407
King County Dept of Natural Resources and Parks RP030
King Faisal Specialist Hospital & Research Centre MP002
Kings College London 295
KJ Scientific LLC 294, 296, TP113, TP115, TP116
Korea Institute of Ocean Science and Technology MP193,
MP196, TP090
Korea Ocean Research and Development Institute MP193,
MP196
Korea Polar Research Institute MP201, RP029, TP084
Korea University RP096, TP189, TP208, WP026, WP070
KREATiS MP132
KTH Royal Institute of Technology TP173
Kyungpook National University 164

Middle Tennessee State University 108, 109, 253, MP161,
MP164, MP169, MP176
Ministère de l’Environnement 704
Ministry of Forests, Lands and Natural Resource
Operations RP038
Ministry of Environment 302, MP170
Minnesota Dept of Natural Resources 351, TP049
Minnesota Pollution Control Agency 331, 351, TP049
Mississippi State Chemical Laboratory MP187
Mississippi State University 116, 366, 588, 701, 746, 751,
MP026, RP092, RP127, TP064, WP101
Mississippi-Alabama Sea Grant Consortium 11
Missouri State University 610
Missouri University of Science and Technology 87, 88, 276,
MP062, WP015
Mizuki Biotec WP149
Monsanto Company 539, 666, MP222, WP066
Montana State University 127
Mote Marine Laboratory MP074
Murray High School MP197
Murray State University TP039, RP104
MUSC RP037
Mutch Associates, LLC 438, 439
MWRDGC 549
Myers Ecotoxicology Services LLC TP095

N

Nalco, An Ecolab Company 651
Nanjing Institute of Environmental Science,
Ministry of Environmental Protection of
China 210
Nanjing University 710, RP086, RP115, TP090
L502 (AEPRD) WP186
Nankai University 209, MP066, WP024
Laboratory of Pharmacology and
nanoRisk Analytics TP191
Toxicology RP103
NanoSafe Inc. 746, 752
Lakehead University 230
NASA RP037
Lamar University 237
National Institute for Environmental Studies TP008,
Lancaster University 572
RP131
Lauren Heine Group 482, 604
National Cancer Institute 68
Laurentian University MP078, TP020, TP029, TP034
National Caucus and Center on Black Aging, Inc. TP171
Lebanese University 147
National Caucus Center on Black Aged 565
Leuphana University of Lôneburg 425
National High Magnetic Field Lab 212, 656
LimnoTech 745
National Inst of Standards Tech 309, MP070, RP090
Linköping University MP203
National Institute for Basic Biology RP131
LK Consultancy 289, 723, MP217
National Institute for Environmental Studies 707, 712,
Lomonosov Moscow State University TP042
MP003, RP131, TP008, WP119, WP144
Los Alamos National Laboratory 331, MP232
National Institute for Environmental Studies NIES
Louis Berger Group, Inc. MP057, WP189, WP202,
Japan WP119
WP211
National Institute of Advanced Industrial Science 694
Louisiana Sea Grant – LSU 11
National Institute of Metrology TP102
Louisiana State University 308, 515, MP206, RP012,
National Institute of Standards and Technology 564, 636,
RP013, TP060, WP048, WP061
747, MP070, MP192, RP036, WP083
Louisiana State University Agricultural Center 515
National Institute of Technology, Tsuruoka College MP106
Louisiana Universities Marine Consortium 308, 515,
National Institutes of Natural Sciences RP131
TP060
National Oceanic and Atmospheric Administration
Loyola University Chicago 144, 299, TP164
(NOAA) 16, 23, 33, 39, 118, 130, 131, 132, 133, 203,
Lubrizol RP142
208, 225, 254, 257, 258, 316, 490, 691, MP074, MP077,
Ludwig Maximilians University of Munich MP094
MP184, TP053, TP055, TP058, TP059, TP061, TP163,
LWB Environmental Services, Inc. 447
TP070, WP058, WP117, RP076, RP124
National Park Service MP119, TP109
National Polytechnic Inst MP190
Madison Metropolitan Sewerage
National Res. Centre for Environmental Toxicology 585,
District TP005
MP227
Manhattan College 261, 468
National Research Council USEPA MP010
Masaryk University Faculty of Science 61, 171, TP015
National Toxicology Program, Interagency Center for the
Masdar Institute MP139, WP145
Evaluation of Alternative Toxicological Methods 394
Massachusetts Institute of Technology (MIT) 526, 618,
National University of Singapore 83, MP006, MP061,
MP012, WP100, RP100
MP173, MP195
Maxxam Analytics 167, 622
Natural Institute of Natural Sciences RP131
MB Laboratories Ltd MP194
Natural Resources Canada 404, WP157
McGill University 43, 74, MP042, MP046, MP067,
Natural Resources Canada - Canadian Forest Service 401
RP081, TP094
Nautilus Environmental 18, 612
McMaster University 231, 671, RP040
Naval Air Warefare Center Weapons Division 381, 382
MDEQ 464
NC State University 409, 673, 736
Medical College of Wisconsin 165
NCASI RP068
Medical University of South Carolina 213, 309, 636,
NCATS, NIH TP086
MP070, RP037, RP090, TP051
Neff & Associates LLC 518
Melbourne Water 348
Memorial University of Newfoundland 306, 339, 341, 354, NEK Associates LTD 724
Neptune and Company Inc MP228
360, TP025, TP178, WP140
Neptune and Company, Inc. MP228
Mermayde 62
New York City Dept of Environmental Protection MP057,
Miami University 310, TP006, RP056
WP189, WP202, WP211
Michigan Dept of Environmental Quality 551
Michigan State University 120, 143, 415, 465, 662, MP046, New York State Dept of Environmental Conserv 254
New York State Dept of Environmental Conservation 257
RP081, WP101, WP170
New York State Dept of Health 158, 159, MP001

L

M

Newcastle University 169, 471, WP044, WP045
Newmont Mining Corporation 590
NIBIO WP147
Nicholls State University 296
NIES TP008
NILU - Norwegian Institute for Air Research 171
NiPERA 201, 597, MP114
NIST 560, 564, MP192
NIST MUSC 636, RP036
NISTUniversity of Pau MP192
NIVA 61
NMFS Southwest Fisheries Science Center 357
Nnamdi Azikiwe University TP148
North Carolina State University 148, 193, 365, 398, 399,
452, 673, TP086
North-West University 463
Northeastern University 368, MP138, RP085
Northern Arizona University TP035
Northwest Hydraulic Consultants MP226
Northwestern University MP082
Norwegian Institute for Marine Research 579
Norwegian Institute for Water Research NIVA 61
Norwegian Institute of Public Health 162
Nova Biologicals 119
Nova Scotia Fisheries and Aquaculture TP194
NovaSource Tessenderlo Kerley, Inc. TP048, WP066
NSW Office of Environment and Heritage 579
Nunatsiavut Government 340
NYS Dept of Health 159

O

Oak Ridge Institute for Science and Education
(ORISE) 114, 117, 362, MP137, MP172, TP003,
TP186, WP124
Oak Ridge Institute for Science and Education (ORISE)
at USEPA 27, 364, 408, 483, MP137, TP011, TP012,
TP107, RP062
Oak Ridge National Laboratory 82, 338, TP027, TP028,
TP030, TP031, TP033
Obafemi Awolowo University MP189
Ocean Associates Inc. 316
Ocean Research & Conservation Association RP066
Office of Environment and Heritage WP005
Ohio Environmental Protection Agency 255
Ohio State University 448, 553, 557, 738, WP006
Okayama University 712
Oklahoma Biological Survey WP051
Oklahoma State University 32, 263, 420, 631, 680, MP009,
RP057, TP136, TP201, WP013, WP014, WP074,
WP098
Old Dominion University MP060
Old Mill Honey Farms 127
Ontario Ministry of Environment and Climate
Change MP023
Ontario Ministry of Natural Resources MP078, TP020,
TP029
Ontario Ministry of the Environment 256, WP181, WP194
Ontario Ministry of the Environment and Climate
Change 170, 195, 196, 407, MP023, MP203, WP173
Oregon Dept of Environmental Quality 693
Oregon Health & Science University 363, 584, 588, WP104
Oregon Health Authority TP013
Oregon State University 16, 22, 165, 168, 177, 242, 262,
275, 312, 508, 543, 659, 708, 749, 751, MP014, MP020,
MP116, MP205, MP208, MP209, MP212, TP057,
TP069, TP184, WP036, WP208
OreoHelix Consulting 3
ORISE 114, 117, 362, MP137, MP172, TP003, TP186,
WP124

P

Pace Analytical MP202
Pacific EcoRisk 218, TP104
Pacific Northwest National Laboratory 583,
MP082, RP076
Palmer Environmental Consulting Group RP091
Parliament Fisheries Inc 3
Peking University MP075, RP066
Penn State Erie - The Behrend College TP154
People for the Ethical Treatment of Animals 536, MP055
Personal Care Products Council 743
Pest Management Regulatory Agency Health Canada 293,
TP114
Pesticide Research Institute 127
PETA International Science Consortium Ltd. MP055
Petnica Science Center MP080
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Pfizer, Inc. TP118
Phasera Ltd 198
Physicians Committee for Responsible Medicine MP055
POPs Environmental Consulting 425
Port of Long Beach 619
Port of Los Angeles 619
Portuguese Inst for Fisheries & Sea Research 149, MP142
Pohang University of Science and Technology
(POSTECH) 164, 555, MP096, MP201, RP029, TP077,
TP078, TP084, TP140, TP142
Pratt School of Engineering 189, 215, 249, 287, 563,
MP095, MP097, WP081
PRe Consulting 604
Prefectural University of Kumamoto WP149
Princeton Hydro, LLC 377
Public Health Institute 127
Public Health Ontario 163, MP005
Purdue University 182, MP224, MP239, RP120
Pusan National University 80

Seton Hall University TP091, TP092, TP198
Shanghai Jiaotong University 98
Shell Health 63, 179, 700, 707, WP043, WP044
Shell Health - Americas 63, 387
Shell International 63, MP018, TP133
Shell International B. V. 63
Shell International Limited 179, WP043
Shell Oil Co. 63, 179, 700, WP043
Simon Fraser University 181, 524, 621, 623, MP033,
MP044, RP026, RP054, RP089, RP091, RP106, RP135,
TP002
SINTEF 470, 579
SiREM MP008
Skidmore College WP060
Slovenska Zdravotnicka Univerzita v Bratislave 162
SLR Consulting (Canada) Ltd. MP123
SLR International Corporation 693
Smithers Viscient 121, 122, 606, 607, 608, MP036, MP160,
RP020, RP021
Snyderville Basin Water Reclamation District MP085,
MP086
Queens University 502, WP163, WP207
SOL Engineering Services, LLC RP032
Queensland Government MP227
Soleil Consulting, LLC 29, TP131
SOLVAY TP133
South Carolina Dept of Natural Resources 636, RP036,
Radboud University 638
RP037
Ramboll ENVIRON 30, 168, 200, 466, 475, 724, South Valley WRF 60
725, MP118, TP044, RP004, RP026, RP043,
Southern California Coastal Water Research Project
RP048, RP051, RP073,
(SCCWRP) 208, 260, 318, 391, 392, 412, 705, MP045,
RECETOX WP167
WP117
Reed Harris Environmental Ltd. 345
Southern Illinois University TP154
Research Institute for Fragrance Materials (RIFM) 175,
Southern Illinois University Carbondale 192, 276, 315, 737,
RP041, RP043, WP134
WP118, RP120
Resolution Copper Mining LLC MP124
Southern Illinois University Edwardsville RP128
RETIA USA, LLC - Legacy Site Services LLC 627,
Southwest Jiaotong University 100
WP213
Southwest Research Institute 262
Ricerca Biosciences MP223
SPAWAR Systems Center WP003, WP013, WP014
Rifcon GmbH RP084
SPAWAR Systems Center Pacific 504, WP003, WP014
Rio Tinto 534, 596, 674, 675, 707, MP110, MP116, WP052 SPAWAR Systems Center San Diego 466
Ritsumeikan University WP149
Specialized Environmental Modeling, LLC 620
RIVM 556, 638, 686, 706, 707
Springborn Smithers Laboratories 608
RIVM Bilthoven 638
SRC, Inc. 430, 600, 603, RP061, TP134, WP103
Roosevelt University 435
SSC Pacific 379
Rosenstiel School of Marine Sciences 217
St Francis Xavier University 339
Roskilde University 251, 298, RP041
St. Cloud State University 113, 115, 546, 548, 549, MP026,
Royal Military College of Canada 502, WP163, WP207
RP132, WP112, WP114
Royal Roads University MP123, MP194
St. Lawrence River Institute of Environmental Sciences 156
RPS ASA 518, 523
Stantec Consultants Ltd. 270, 387, MP019, MP049, TP165
RS Environmental WP153
Stantec Consulting Ltd. 387, 457, MP019, TP165
RTI International 402, 727
State and Federal Contractors Water Agency WP182
Rutgers University MP136, TP060, WP038, WP039
State of California TP127, TP128
RWTH Aachen University WP105
State of Delaware 467
State University of New York (SUNY) Fredonia 245, TP167
Stockholm University 79, 142, 246, 455, 485, 575, 684, 687,
S.C. Johnson & Son, Inc. 10, 90, 94, 294, MP072,
739, MP203, RP101, TP145, WP037, WP139, WP175
TP113, TP115, TP116
Stone Environmental, Inc. 36, 37, 134, 681, MP146,
SafeDose, Ltd. WP216
MP148, MP149, RP018
Sage Environmental Consulting TP210
Stony Brook University RP024, RP025, TP056
Saint Marys University TP194, TP203
Stratus Consulting 216, 218, 219, 308, 310, 311, 313,
San Diego State University MP045, WP117
TP052, TP053
San Francisco Bay Regional Water Quality Control
Stratus Consulting – Abt Associates 218, 308, 310, 311,
Board 626
313, TP053, TP059
San Francisco Baykeeper TP167
Sumitomo Chemical Co Ltd RP063
San Francisco Estuary Institute 192, 240, 316, 387, 477,
Sun Yat-sen University 160, RP086
737, TP167, WP151
SUNY Oswego 342
Sanitation Districts of Los Angeles County TP213
Sustainable Eosystem Restoration, LLC 226
SANOFI 62
Sustainable Solutions International 180
SANParks MP070, RP037, RP090
Swedish University of Agricultural Sciences (SLU) MP015
São Paulo State University (UNESP) MP198, TP182
Swerea IVF AB Gothenburg 485
Saskatchewan Environmental Society 13
Swinomish Indian Tribal Community MP212
Saskatchewan Ministry of Environment MP120
Swiss Centre for Applied Ecotoxicology EAWAG
Saskatchewan University 554, WP067
- EPF 707
Savannah River Ecology Laboratory 635
Swiss Federal institute of Technology 79, WP037
Savannah River National Laboratory TP205
Syngenta 141, 446, 713, MP037, MP145, MP234, MP235,
Savannah River Nuclear Solutions - ACP TP205
WP066
Savannah State University TP039, RP104
Syngenta Crop Protection TP205
School of Biological Sciences RP080
Syngenta Crop Protection, LLC 134, 198, 606, MP037,
School of Environment and Sustainability 679
MP234, MP235, RP021, WP066
Science Museum of Minnesota TP049
Syngenta Crop Protection Muenchwilen AG MP235
Scientific Institute of Public Health Belgium WP143
Syngenta Crop Protection, Inc. 134, 141, 353, 446
Sciex Environmental Food and Beverage 78, 655
Syngenta Ltd MP234
SEA Environmental Decisions Ltd 725
SynTech Research Laboratory Services WP066
Seoul National School TP090, WP205
Seoul National University RP042, TP090, WP057, WP205
SETAC 10
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Tamil Nadu Agricultural University 545
Tanta University WP067
Tarbiat Modares University TP065
TCEQ TP133
TDC Environmental, LLC 598, TP128
Technical University of Denmark 27, 84, 173, 306, 425, 487,
RP033, WP086, WP135, WP139, WP195
Technische Universität München 317, WP182
Tennessee Wildlife Resources Agency MP176
TERA 31
Tetra Tech, Inc. 668, 709, 710, 711, MP163, MP181,
TP138, TP144, RP070
Texas A&M University 75, 120, 152, 334, TP072
Texas Christian University 243, 416, 512, MP131, RP112
Texas Parks and Wildlife 310, 313
Texas Sea Grant 11
Texas Southern University 101, MP113, WP120
Texas State University MP112, TP197
Texas State University - San Marcos 243
Texas Tech University 82, 153, 214, 335, 357, 515, 700,
MP012, MP017, MP073, RP006, TP061, TP072,
TP212, WP025, WP096, WP197, WP209
The Boeing Company 612
The Citadel 16, 244, 247, TP163
The College of Wooster 265, 550
The Copperbelt University WP172
The Dale Bumpers National Rice Research Institute RP108
The Dow Chemical Company 62, 294, 393, 539, 540, 667,
MP135, RP060, RP110, TP113, TP115, TP116, TP131,
TP133, WP111
The Hamner Institutes for Health Sciences 589, TP087
The Humane Society of the United States 536
The Institute for Watershed Sciences 4, 5, 6
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MP200, MP221, MP230, TP007, TP009,
355, 358, 360, 369, 373, 374, 376, 379,
TP013, TP026, TP038, TP044, TP049,
405, 417, 448, 452, 454, 455, 498, 505,
TP052, TP059, TP063, TP073, TP086,
528, 530, 532, 550, 580, 602, 620, 669,
TP091, TP099, TP117, TP119, TP120,
673, 679, 681, 713, 731, 733, 735, 736,
TP123, TP125, TP129, TP152, TP153,
738, MP057, MP069, MP075, MP081,
TP163, TP180, TP190, TP216, WP001,
MP083, MP085, MP086, MP090,
WP002, WP011, WP026, WP028,
MP103, MP107, MP161, MP171, MP182,
WP037, WP082, WP083, WP085,

WP097, WP105, WP121, WP136,
Water quality 1, 2, 3, 7, 13, 21, 39, 49, 54,
WP160, WP165, WP168, WP169,
105, 114, 146, 155, 199, 206, 207, 208,
WP171, WP189, WP200, WP207,
220, 221, 236, 245, 248, 319, 323, 339,
RP022, RP023, RP032, RP034, RP041,
346, 351, 354, 358, 437, 438, 450, 453, 477,
RP048, RP049, RP051, RP085, RP087,
497, 498, 514, 518, 530, 531, 533, 543, 560,
RP114, RP119, RP125
619, 628, 643, 654, 657, 668, 669, 677, 680,
683, 697, 712, 719, 732, 733, 734, 735,
Toxicokinetics 68, 149, 193, 356, 382,
736, MP019, MP047, MP076, MP077,
384, 409, 456, 507, 523, 524, 546, 568,
MP081, MP083, MP103, MP107,
583, 584, 585, 586, 587, 588, 589, 624,
MP110, MP163, MP164, MP167, MP170,
673, MP001, MP056, MP158, MP229,
MP175, MP182, MP190, MP193,
TP001, TP022, TP087, WP074, WP088,
MP195, MP197, MP206, MP216, TP005,
WP090, WP092, WP093, WP095,
TP011, TP013, TP025, TP032, TP037,
WP098, WP207, WP216, RP035, RP076,
TP044, TP049, TP076, TP122, TP124,
RP078, RP135
TP136, TP157, TP161, TP162, TP172,
Uncertainty 93, 94, 407, 472, 479, 511,
TP174, TP175, TP178, TP181, TP182,
526, MP091, MP134, MP221, TP150,
TP198, TP210, WP005, WP013, WP058,
WP087, WP089, WP133, WP136,
WP119, WP122, WP125, WP140,
WP137, WP138, RP058, RP084
WP142, WP143, WP151, WP199,
Urban 19, 24, 118, 119, 120, 233, 259, 316,
RP011, RP019, RP030, RP046, RP055,
332, 373, 477, 549, 551, 652, 727, MP057,
RP066, RP067, RP069, RP070, RP074,
MP123, MP152, MP153, MP179,
RP086, RP096
MP194, TP085, TP167, WP120, WP143,
Weight of evidence 31, 34, 35, 63, 94,
WP144, WP171, WP202, WP211,
132, 142, 181, 223, 257, 286, 291, 293,
RP102, RP136
351, 460, 463, 479, 524, 538, 541, 542,
Waste water 32, 63, 78, 115, 118, 211,
567, 572, 630, 664, 684, 685, 686, 688,
233, 235, 251, 266, 324, 326, 327, 372,
706, 709, 745, MP038, MP145, MP149,
451, 452, 516, 544, 546, 549, 560, 653,
MP218, MP237, TP049, TP121, TP123,
655, 683, 709, 710, 730, 732, 733, 736,
TP124, WP009, WP021, WP054,
738, 742, 745, MP007, MP023, MP024,
WP058, WP102, WP156, WP219,
MP025, MP028, MP031, MP032,
WP220, RP050
MP085, MP153, MP185, TP011, TP012,
Wetlands 4, 5, 6, 337, 339, 350, 451, 501,
TP039, TP068, TP076, TP100, TP125,
612, 634, 636, 679, 680, 727, MP061,
TP126, TP144, TP167, TP187, TP210,
MP089, MP118, MP175, TP025, TP026,
WP005, WP040, WP046, WP142,
TP046, TP111, TP154, TP199, TP204,
WP143, WP145, WP146, WP147,
WP073, WP074, WP123, WP127,
WP173, WP177, WP178, WP183,
RP003, RP010, RP014, RP036
WP218, RP010, RP044, RP045, RP104,
RP120, RP134, RP136
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